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ARTICLE INFO ABSTRACT

Keywords: Background: Cancer patients particularly those with hematological malignancies are at higher risk of affecting by
COVID-19 vaccines severe coronavirus disease 2019 (COVID-19). Due to the immunocompromised nature of the disease and the
Hematological malignancy immunosuppressive treatments, they are more likely to develop less antibody protection; therefore, we aimed to

ti’:ﬁi}[fg‘a evaluate the immunogenicity of COVID-19 vaccines in patients with hematological malignancies.

Myeloma Methods: A comprehensive systematic search was conducted in PubMed, Scopus, and Web of Science databases,
Immunogenicity as well as Google scholar search engine as of December 10, 2021. Our primary outcomes of interest comprised of
Systematic review estimating the antibody seropositive rate following COVID-19 vaccination in patients with hematological ma-

lignancies and to compare it with those who were affected by solid tumors or healthy subjects. The secondary
outcomes were to assess the vaccine’s immunogenicity based on different treatments, status of the disease, and
type of vaccine. After the two-step screening, the data were extracted and the summary measures were calculated
using a random-effect model.

Results: A total of 82 articles recording 13,804 patients with a diagnosis of malignancy were included in the
present review. The seropositive rates in patients with hematological malignancies after first and second vaccine
doses were 30.0% (95% confidence interval (95%CI): 11.9-52.0) and 62.3% (95%CI 56.0-68.5), respectively.
These patients were less likely to develop antibody response as compared to cases with solid tumors (RR 0.73,
95%CI 0.67-0.79) and healthy subjects (RR 0.62, 95%CI 0.54-0.71) following complete immunization. Chronic
lymphocytic leukemia (CLL) patients had the lowest response rate among all subtypes of hematological malig-
nancies (first dose: 22.0%, 95%CI 13.5-31.8 and second dose: 47.8%, 95%CI 41.2-54.4). Besides, anti-CD20
therapies (5.7%, 95%CI 2.0-10.6) and bruton’s tyrosine kinase inhibitors (26.8%, 95%CI 16.9-37.8) repre-
sented the lowest seropositiveness post first and second doses, respectively. Notably, patients who were in active
status of disease showed lower antibody detection rate compared to those on remission status (RR 0.87, 95%CI
0.76-0.99). Furthermore, lower rate of seropositivity was found in patients received BNT162.b2 compared to
ones who received mRNA-1273 (RR 0.89, 95%CI 0.79-0.99).

Conclusion: Our findings highlight the substantially low rate of seroprotection in patients with hematological
malignancies with a wide range of rates among disease subgroups and different treatments; further highlighting
the fact that booster doses might be acquired for these patients to improve immunity against SARS-CoV-2.
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1. Introduction

The outbreak caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) was officially declared as a pandemic on 11 March
2020 [1]. The disease caused by SARS-CoV-2, known to be coronavirus
disease 2019 (COVID-19) led to a vast range of presentations from
asymptomatic carriers to severe and critical disease with a reported
3.3% case fatality rate [2]. Following an emergency use authorization,
the United States Food and Drug Administration (FDA) approved
BNT162b2 as the first COVID-19 vaccine [3] and afterward several more
vaccines such as mRNA-1273 [4], Ad26.COV2.s [5], AZD1222 [6], and
BBIP-CorV [7] have been authorized in a short period of time. Based on
the findings of phase III clinical trials, all these vaccines are effective
against both mild and moderate to severe diseases in the general pop-
ulation [8].

Hematological malignancies are responsible for approximately 9% of
all neoplasms, and the incident has been increasing in recent years
[9-10]. These patients are more prone to severe and critical COVID-19
[11]. This susceptibility is caused by the natural immunosuppressive
course of hematological cancers, anti-cancer treatments, other existing
comorbidities, more frequent hospital visits, or a combination of these
items [12-14]. Consequently, the mortality rate among patients with
hematological malignancies is higher and they are in priority of COVID-
19 vaccination [12,14].

Since most vaccine clinical trials excluded these patients, data on
COVID-19 vaccine efficacy for cases suffering from hematological ma-
lignancies is limited [15]. Although multiple studies have investigated
seroconversion rate and other vaccine-related effects in these patients,
many questions are still unanswered. The severity of immunosuppres-
sion and the response to the vaccines varies vastly among different types
of malignancies from solid tumors to hematological malignancies and
various anti-cancer treatments [16-17]. Taken together, since the data
on the immunogenicity of COVID-19 vaccines in patients with hema-
tological malignancies are increasing rapidly, we aimed to summarize
the information and establish an overall conclusion from the available
researches. Therefore, the current review was conducted to evaluate the
response rate of patients with hematological malignancies to different
types of COVID-19 vaccines and to compare the immunogenicity of
COVID-19 vaccines between patients with solid tumors and healthy
subjects. Also, the results were reported by type of treatment option,
vaccine, and disease status.

2. Method

Present study was reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline
[18].

2.1. Data sources and searches

The systematic literature search was conducted in PubMed, Scopus,
and Web of Science databases, as well as Google scholar engine up to
December 10, 2021 to identify publications evaluating the immunoge-
nicity of COVID-19 vaccines in patients with hematological malig-
nancies. The language of papers was restricted to English. Grey
literature was screened through searching the first 100 pages of Google
scholar engine as recommended by Haddaway et al. [19]. The following
query terms were employed: (“SARS-CoV-2” OR “COVID-19”) AND
(“vaccine*”) AND (“hematologic* malignancy*” OR “haematologic*
malignancy*” OR “lymphoma” OR “myeloma” OR “leukemia™). The
detailed information on the search strategy is represented in Supple-
mentary Table 1. The reference list of our eligible studies and relevant
review articles were also screened for finding any further potential
publication.
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2.2. Study selection

After importing the yield of the database searches to the EndNote X.9
software (Clarivate Analytics) and deduplicating using the same soft-
ware, two investigators (S.A. and F.A.) reviewed the title and abstracts.
The full-texts of the selected articles were assessed independently by the
same two authors according to the inclusion and exclusion criteria. In
the case of any disagreement, a third researcher was consulted.

2.3. Eligibility criteria

Studies providing data on the immunogenicity of COVID-19 vaccines
in adult patients with hematological malignancies (i.e. lymphomas,
plasma cell disorders, myeloproliferative neoplasms (MPN), myelodys-
plastic syndrome (MDS), acute leukemia, and chronic lymphocytic
leukemia (CLL)) were included if they had the following criteria: 1)
retrospective and prospective observational studies or interventional
experiments with >10 participants; 2) adult patients (i.e. > 18 years
old); 3) reported the antibody seropositiveness after COVID-19 vacci-
nation with either first or second vaccine doses; and 4) provided the data
to calculate the effect sizes (e.g. provided the data of the response rate of
patients with haematological malignancies to those with solid tumours).
Studies were excluded if: 1) they were case reports, case series, in-vitro
studies, review articles, editorials, and conference abstracts; 2) reported
not enough data in the case of seropositiviness after immunization (e.g.
not reporting the dose and name of vaccine or absolute number of total
patients and those who seroconverted): 3) assessed the immunogenicity
of a third dose; 4) evaluated the immunogenicity of heterologous vac-
cine types for first and second dose; and 5) provided data for cellular
response, solely.

2.4. Data extraction

The data was extracted into a standardized data collection form in
Microsoft Office Excel. Following items were extracted from individual
studies: 1) basic information of the studies including title, digital object
identifier (doi), date of publication, first author name, and study design;
2) patient’s characteristics such as age, sex, history of SARS-CoV-2
infection, type of hematological malignancy, status of disease at the
time of vaccination, dose of vaccine received, the vaccine manufacturer,
time interval between immunizations, time point of serum collection
post vaccination, total number of vaccinated patients with hematologi-
cal malignancies, solid tumors and healthy subjects, and number of
participants who were seropositive after vaccination; 3) laboratory in-
formation regarding type of antibody detected, methods and techniques,
and the cut-off point for each assay; and 4) treatment status including
type of therapies that patients received at the time of vaccination, time
interval between the last line of therapy and vaccination, and the
number of participants who were seropositive following immunization
based on each treatment. The extracted data were double-checked and
validated by two researchers.

2.5. Outcome measures

Our primary outcomes were to estimate the seroprotection rate after
immunization in adult patients with hematological malignancies and to
estimate how much these patients are less likely to become seropro-
tected as compared to patients with solid tumors or healthy subjects. Our
secondary outcomes were to estimate the rate of seroprotection after
immunization by the therapies that patients with hematological malig-
nancies received. In addition, where applicable, we compared the
immunogenicity of vaccines according to the last time of treatment
recipient. Also, the immunogenicity of vaccines by a certain therapy was
compared to the status that patients had no history of taking that
treatment.
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2.6. Risk of bias assessment

The methodological quality of eligible studies was assessed using the
Newcastle Ottawa Scale [20]. The tool was validated to assess the
quality of non-randomized studies based on eight items which were
categorized into three domains, known to be selection (4points),
comparability (2points), and outcome (3points). The quality score
ranged from O to 9 in which 0 to 4, 5 to 6, and 7 to 9 were considered as
low, moderate, and high quality, respectively. Apprising the quality of
included studies was conducted by two reviewers (S.A. and F.A.),
independently and any discrepancies were resolved by discussion or
consultation with a third reviewer.

2.7. Statistical analysis

A random-effects, pairwise meta-analysis was conducted in STATA
(version 16) using DerSimonian and Laird method. Risk ratios were
presented for comparing dichotomous variables, and proportions were
calculated for estimating the rate of seroposetivness with 95%
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confidence intervals (95% Cls). The metaprop commend was used for
estimating the pooled antibody response rate in STATA [21]. Statistical
heterogeneity was analyzed using the I? statistic with values interpreted
as moderate (30-60%), substantial (50%-90%), and considerable
(75-100%) heterogeneity [22]. Moreover, the analyses were sub-
grouped based on the dose of vaccination. It should be noted that
since Ad26.COV2.s is a single shot vaccine, the data related to this
vaccine was accounted in the second dose immunization analysis.
Thereafter, the results were displayed on forest plots. Whenever the
synthesis of data was not feasible through meta-analysis due to varia-
tions in reporting our outcomes of interest, the data were summarized
qualitatively.

3. Results
3.1. Study selection

Our systematic search in PubMed, Scopus, and Web of Science
resulted in 1,077 records, of which 569 remained after removal of 508

-
[ Identification of studies via databases ] Identification of studies via other methods
J
)
_g Records identified from databases: Records identified from hand searching of
§ Google scholar engine and reference list of
& PubMed (262) included studies:
"E Scopus (631)
3 Web of Science (184) (n=20)
—
A4
Records screened Du}ih;gtge) records
(n=1,077) (n=
Reports sought for Excluded after title and
retrieval abstract screening
& (n=569) (n=479)
-
3
5 Records excluded, with reasons:
4 (n = 8) not related
(n =7) provided not enough data
Reports assessed for (n = 4) evaluated the immunogenicity of
eligibility a booster dose
(n=90) (n = 2) conference abstract
(n = 2) case reports
(n = 2) reported cellular outcome
(n =1) reanalyzed the data of the same
included studies
(n=1) protocol
(n=1) commentary
M <
s Lo .
% Studies included in
= review
E (n=82)
—

Fig. 1. Study selection process.
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duplicated publications. Following title/abstract screening, 479 articles
were excluded. Of the remaining 90 publications, 62 studies fulfilled the
eligibility criteria and 28 were excluded due to the following reasons:
eight studies were not related to our topic [23-30], seven studies pro-
vided not enough data in the case of seropositiviness after immunization
[31-37], four studies evaluated the immunogenicity of a third dose
[38-41], two studies were conference abstracts [42-43], two studies
were case reports [44-45], two studies reported the cellular outcomes
solely [46-47], one study reanalyzed the data of the same included
studies [48], one study was a protocol of an original article [49], and one
study was commentary [50]. Furthermore, 20 additional articles were
retrieved from other sources, resulting in inclusion of 82 potential
studies to be included in the final analysis (Fig. 1).

3.2. Quality assessment

The average quality score of our included studied was 6.86 ranging
from 5 to 9. Forty-six (56%) studies were considered as high quality, 36
(44%) as moderate quality, and no study scored as low quality. The
highest scoring items were reporting the ascertainment of exposure,
assessment of outcome, follow-up duration, and adequacy of follow-up
of cohorts. Furthermore, comparability of cohorts on the basis of the
design or analysis achieved the lowest score among selected publica-
tions (Supplementary Table 2).

3.3. Study characteristics

Of the 82 included studies, 79 were published in peer-review jour-
nals [51-129] and three were pre-prints [130-132]. Twenty-one studies
were conducted in the USA, 14 in the UK, 13 in Israel, 10 in Italy, 5 in
Greece, 4 in Australia, and 15 in other countries. A total of 13,804 pa-
tients with a confirmed diagnosis of either hematological malignancies
or solid tumors participated in our selected studies. The median age of

Table 1
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cancer patients ranged from 44.5 to 83 years of age. A prior history of
COVID-19 infection was negative in all participants of 50 studies, while
the remaining studies included patients regardless of their background
of SARS-CoV-2 seropositivity at baseline.

There were 33 studies that assessed the immunogenicity of
BNT162b2 (Pfizer-BioNTech) vaccine alone, while 24 studies assessed
the humoral response to both BNT162b2 and mRNA-1273 (Moderna)
vaccines, and 13 studies evaluated the immune response to BNT162b2
together with AZD1222 (Oxford-AstraZeneca) vaccine. Furthermore,
three types of vaccines including BNT162b2, mRNA-1273, and
AZD1222 were utilized in 6 studies and 5 studies used BNT162b2,
mRNA-1273, and Ad26.COV2.s (Johnson & Johnson) vaccines. Mean-
while, a single study examined the immunogenicity of BBIP-CorV
(Sinopharm) vaccine in cancer patients.

The immune response was measured after first dose vaccination in 10
studies, post second dose in 48 studies, and following both first and
second dose in 24 investigations. The sera were collected and evaluated
for antibody response at least 7 days to a maximum of median 134 days
post immunization. Moreover, response rate to COVID-19 vaccines was
measured through assessment of SARS-CoV-2 spike/RBD IgG antibody
levels in 69 studies, neutralizing antibody (nAb) levels in 6 studies, and
both IgG and nAb titers in 7 studies. The main study characteristics are
represented in Supplementary Table 3.

3.4. Immunogenicity of COVID-19 vaccines stratified by the type of
hematological malignancy

Overall, the antibody response rate after first dose vaccination was
30.0% (95%CI 11.9-52.0, I> = 97.8%), while it was 62.3% (95%CI
56.0-68.5, I2 = 92.3%) following second immunization among 955 and
4004 patients with hematological malignancies, respectively (Table 1
and Fig. 2). Comparing with patients suffering from solid tumors, sub-
jects with hematological malignancies were less likely to develop

Pooled antibody response rate in different types of hematological malignancies and risk ratios of seropositivity in patients with hematological malignancies compared
to patients with solid tumors and healthy subjects following either first or second dose of COVID-19 vaccination.

Pooled antibody response rate

HM compared to solid tumors

HM compared to healthy subjects

N Proportion (95% CI) 12 (p value) N RR (95% CI) 12 (p value) N RR (95% CI) 12 (p value)
All hematological malignancies
First dose 955 30.0% (11.9-52.0) 97.8% (0.0) 535 0.74 (0.62-0.89) 52.4% (0.06) 523 0.36 (0.21-0.61) 91.5% (0.0)
Second dose 4004 62.3% (56.0-68.5) 92.3% (0.0) 1061 0.73 (0.67-0.79) 61.7% (0.0) 1309 0.62 (0.54-0.71) 87.0% (0.0)
Lymphoid malignancies
First dose 1720 35.7% (28.5-43.3) 89.7% (0.0) 36 0.52 (0.25-1.09) N/A 1196 0.39 (0.31-0.48) 83.1% (0.0)
Second dose 6595 62.3% (57.7-66.9) 92.5% (0.0) 1049 0.76 (0.68-0.84) 66.2% (0.01) 3286 0.66 (0.62-0.71) 87.7% (0.0)
Myeloid malignancies
First dose 225 60.6% (49.6-71.2) 57.5% (0.0) 6 0.44 (0.07-2.75) N/A 146 0.67 (0.50-0.89) 54.4% (0.09)
Second dose 692 83.6% (76.3-89.9) 80.7% (0.0) 133 0.97 (0.70-1.35) 92.2% (0.0) 241 0.81 (0.72-0.91) 68.8% (0.02)
Plasma cell disorders
First dose 931 43.3% (30.5-56.5) 93.2% (0.0) 10 0.80 (0.29-2.19) N/A 673 0.49 (0.39-0.62) 70.8% (0.0)
Second dose 2532 78.7% (74.2-82.8) 83.3% (0.0) 385 0.91 (0.84-0.98) 38.3% (0.17) 1543 0.79 (0.75-0.83) 60.4% (0.0)
Hodgkin lymphoma
First dose 56 40.13% (16.8-65.4) N/A 1 0.66 (0.06-7.48) N/A 23 0.43 (0.24-0.79) 0.0% (0.69)
Second dose 164 94.1% (85.3-99.5) 51.6% (0.05) N/A N/A N/A 42 0.96 (0.89-1.03) 0.0% (0.89)
Non-Hodgkin lymphoma
First dose 358 28.4% (19.0-38.8) 70.8% (0.02) 17 0.47 (0.16-1.39) N/A 180 0.32 (0.17-0.62) 74.8% (0.02)
Second dose 1312 52.1% (41.6-62.5) 92.6% (0.0) 145 0.72 (0.63-0.82) 0.0% (0.97) 413 0.54 (0.43-0.67) 82.1% (0.00)
Chronic lymphocytic leukemia (CLL)
First dose 270 22.0% (13.5-31.8) 58.0% (0.07) 6 0.44 (0.07-2.75) N/A 270 0.26 (0.18-0.37) 49.8% (0.11)
Second dose 1957 47.8% (41.2-54.4) 83.7% (0.0) 186 0.54 (0.42-0.71) 33.5% (0.22) 526 0.51 (0.42-0.62) 76.6% (0.00)
Myeloproliferative neoplasm (MPN)
First dose 207 64.1% (52.9-74.8) 46.3% (0.08) 1 0.66 (0.06-7.48) N/A 128 0.69 (0.55-0.87) 32.1% (0.22)
Second dose 405 86.8% (79.6-92.7) 64.8% (0.0) N/A N/A N/A 160 0.85 (0.79-0.91) 0.0% (0.39)
Myelodysplastic neoplasm (MDS)
First dose 13 46.1% (23.2-70.9) N/A N/A N/A N/A 13 0.48 (0.27-0.86) N/A
Second dose 90 83.8% (63.6-97.4) 75.6% (0.01) 43 0.73 (0.56-0.94) N/A 59 0.77 (0.50-1.18) 89.8% (0.0)
Acute leukemia
First dose N/A N/A N/A N/A N/A N/A N/A N/A N/A
Second dose 74 90.6% (82.0-97.0) 0.0% (0.49) N/A N/A N/A N/A N/A N/A

HM: Hematologic malignancies; N: Number of patients with hematological malignancies; RR: Risk ratio; CI: Confidence interval; N/A: Not available.
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Vaccine %

Author Country name ES (95% Cl) Weight
First dose !
Addeo et al. USA MD or PZ :—+— 72.00 (52.42, 85.72) 2.88
Benda et al. Switzerland Pz —_— 43.09 (34.68, 51.92) 3.25
Chung et al. USA MD or PZ —_— 51.50 (43.97, 58.96) 3.28
Fendler et al. UK AZ or PZ —s : 26.97 (18.84, 37.00) 3.21
Gavriatopoulou et al. Greece AZ or PZ —_—— 1 13.79 (7.16, 24.93) 3.14
Mair et al. Australia AZ or PZ or MD 1 —_— 67.61 (61.06, 73.53) 3.30
Malard et al. france Pz -~ : 1.54 (0.52, 4.42) 3.29
Monin et al. UK PZ —_— | 18.18 (9.51, 31.96) 3.07
Peeters et al. Belgium Pz —— 1 4.88 (1.35, 16.14) 3.05
Subtotal (12 = 97.84%, p = 0.00) <>: 29.99 (11.90, 51.96) 28.47

|
Second dose 1
Addeo et al. USA MD or PZ | — 77.27 (56.56, 89.88) 2.83
Aghaetal. USA MD or PZ —+— 53.73 (41.92, 65.14) 3.16
Ariamanesh et al. Iran SP —% 33.33(17.97, 53.29) 2.86
Benda et al. Switzerland Pz 1 —_— 72.36 (63.87, 79.49) 3.25
Chung et al. USA MD or PZ ! — 68.86 (64.47, 72.94) 3.33
Ehmsen et al. Denmark MD or PZ : —_ 66.56 (61.25, 71.49) 3.32
Fendler et al. UK AZ or PZ —_t 58.97 (47.89, 69.22) 3.19
Figueiredo et al. USA MD or PZ ! —_— 81.93 (72.30, 88.73) 3.20
Ghione et al. USA MD or PZ —0—: 41.86 (32.00, 52.42) 321
Greenberger et al. USA MD or PZ 1 - 75.29 (73.01, 77.45) 3.36
Haidar et al. USA PZ or MD or JJ —_— 54.67 (43.45, 65.43) 3.18
Herzog-Tzarfati et al. Israel Pz : —_— 74.60 (69.52, 79.09) 3.32
Kearns et al. UK AZ or PZ | —_— 88.89 (67.20, 96.90) 2.73
Mairhofer et al. Australia MD or PZ —_—t 57.78 (43.30, 71.03) 3.08
Malard et al. france PZ —e— 46.43 (39.58, 53.41) 3.29
McKenzie et al. UK Pz —P—: 43.14 (30.50, 56.73) 31
Monin et al. UK Pz T 60.00 (23.07, 88.24) 1.89
Ollila et al. Island PZ or MD or JJ —_— | 39.38 (32.14, 47.11) 3.28
Peeters et al. Belgium 4 _— : 29.27 (17.61, 44.48) 3.05
Re et al. france MD or PZ — 62.75 (53.06, 71.51) 3.23
Shapiro et al. USA PZ or MD or JJ 1 — 86.21 (78.76, 91.33) 3.25
Singer et al. Australia AZ or PZ or MD —_— 53.27 (43.87, 62.45) 3.24
Thakkar et al. USA PZ or MD or JJ : e 84.85 (74.31, 91.56) 3.16
Subtotal (12 = 92.30%, p = 0.00) | <> 62.34 (56.00, 68.48) 71.53

1
Heterogeneity between groups: p = 0.006 !
Overall (1"2 = 97.08%, p = 0.00); <> 52.89 (44.04, 61.66) 100.00

|

1

| | | | | |
0 20 40 60 80 100

Fig. 2. Pooled antibody response rate in patients with all hematological malignancies following either first or second COVID-19 vaccination. Abbreviation: PZ: Pfizer

vaccine; MD: Moderna vaccine; JJ: Johnson & Johnson vaccine.

detectable antibody titers following COVID-19 vaccination with a RR of
0.74 (95%CI 0.62-0.89, I? = 52.4%) after a single dose and a RR of 0.73
(95%CI 0.67-0.79, 2= 61.7%) post two-dose immunization. Likewise,
SARS-CoV-2 vaccination were less seroprotective in patients with he-
matological malignancies as compared to healthy controls after both
first (RR 0.36, 95%CI 0.21-0.61, 12 = 91.5%) and second dose (RR 0.62,
95%CI 0.54-0.71, 2 = 87.0%) vaccination (Table 1 and Fig. 3). An
obvious publication bias was detected, revealing an asymmetry in funnel
plot (Supplementary Fig. 1A, Egger’s test p = 0.01).

Focusing on the two major subtypes of hematological malignancies,
the pooled seropositivity rate was lower in lymphoid than myeloid
cancers, both after partial (35.7%, 95% CI 28.5-43.3, 12 = 89.7% vs.
60.6%, 95%CI 49.6-71.2, 1> = 57.5%, respectively) and complete
vaccination (62.3%, 95%CI 57.7-66.9, I2 = 92.5% vs. 83.6%, 95%CI
76.3-89.9, 12 = 80.7%, respectively) (Supplementary Figs. 2 and 3).
When comparing with healthy subjects, those with lymphoid malig-
nancies achieved lower antibody response after either single shot with a
RR of 0.39 (95%CI 0.31-0.48, 2= 83.1%) or double shot with a RR of

0.66 (95%CI 0.62-0.71, 12 = 87.7%). Similarly, myeloid malignancy was
associated with lower immune response after both first dose (RR 0.67,
95%CI 0.50-0.89, 2 = 54.4%) and second dose (RR 0.81, 95%CI
0.72-0.91, 1> = 68.8%) when we compared the immune response of
these patients with healthy controls (Table 1 and Supplementary Figs. 4
and 5). In addition, while an evidence of publication bias was noted in
lymphoid malignancy analysis (Supplementary Fig. 1B, Egger’s test p =
0.02), it was not detectable for myeloid malignancies (Supplementary
Fig. 1C, Egger’s test p = 0.946).

When we categorized the hematological malignancies more specif-
ically, the lowest seropositivity rate was evident in patients with CLL
(22.0%, 95% CI 13.5-31.8, 12 = 58.0% and 47.8%, 95%CI 41.2-54.4, 12
= 83.7%), followed by those suffering from non-Hodgkin lymphoma
(NHL) (28.4%, 95%CI 19.0-38.8, 12 = 70.8% and 52.1%, 95%CI
41.6-62.5, I? = 92.6%) after first and second dose immunization,
respectively. In addition, the highest seropositive rate post one dose of
COVID-19 vaccines was observed in patients with MPN (64.1%, 95%CI
52.9-74.8, 12 = 46.3%), then in those with MDS (46.1%, 95%CI
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Risk Ratio %
Subgroup and Author Country (95% ClI) Weight
First dose/ All hematological malignancies vs. solid tumors
Addeo et al. USA Lo} 0.86 (0.67, 1.12) 3.03
Benda et al. Switzerland 4 0.71 (0.56, 0.91) 3.16
Fendler et al. UK —+l— 0.61(0.42, 0.89) 2.21
Mair et al. Australia : '0{ 0.86 (0.77, 0.96) 4.27
Monin et al. UK — T 0.48 (0.24, 0.99) 0.91
Peeters et al. Belgium —_— 0.20 (0.05, 0.79) 0.28
Subgroup, DL (I2 =52.4%, p = 0.062) O 0.74 (0.62, 0.89) 13.87
|
Second dose/ All hematological malignancies vs. solid tumors |
Addeo et al. USA Lo 0.79 (0.63, 0.99) 3.30
Ariamanesh et al. Iran —l 0.56 (0.31, 0.98) 1.28
Benda et al. Switzerland :-0- 0.76 (0.68, 0.86) 4.24
Ehmsen et al. Denmark |0 0.72 (0.66, 0.78) 4.44
Fendler et al. UK T 0.69 (0.57, 0.84) 3.61
Figueiredo et al. USA | * 0.85 (0.76, 0.94) 4.28
Haidar et al. USA - 0.66 (0.51, 0.86) 3.04
Kearns et al. UK 14 0.88 (0.73, 1.05) 3.74
Mairhofer et al. Australia —4— 0.65 (0.49, 0.85) 2.93
McKenzie et al. UK =l 0.51(0.37,0.71) 247
Monin et al. UK —J—— 0.63 (0.31, 1.31) 0.89
Peeters et al. Belgium +: 0.37 (0.23, 0.61) 1.62
Singer et al. Australia T 0.68 (0.56, 0.83) 3.60
Thakkar et al. USA | +] 0.87 (0.78, 0.96) 4.32
Subgroup, DL (I2 =61.7%, p = 0.001) ‘) 0.73 (0.67, 0.79) 43.75
|
First dose/ All hematological malignancies vs. healthy participants |
Chung et al. USA ol 0.52 (0.45, 0.60) 3.99
Gavriatopoulou et al. Greece —_— ! 0.26 (0.13, 0.50) 1.04
Mair et al. Australia : -1 0.90 (0.74, 1.10) 353
Monin et al. UK —_— I 0.19(0.10, 0.36) 1.10
Peeters et al. Belgium —_— | 0.07 (0.02, 0.28) 0.29
Subgroup, DL (I” = 91.5%, p = 0.000) 0| 0.36 (0.21, 0.61) 9.95
|
Second dose/ All hematological malignancies vs. healthy participants |
Chung et al. USA 3 0.69 (0.65, 0.74) 4.54
Ghione et al. USA = | 0.43 (0.33, 0.55) 3.12
Haidar et al. USA -0-: 0.56 (0.45, 0.69) 3.48
Herzog-Tzarfati et al. Israel I‘ 0.75 (0.70, 0.81) 4.54
Kearns et al. UK |-0{ 0.87 (0.73, 1.04) 3.76
Malard et al. france | 0.54 (0.44, 0.66) 3.50
McKenzie et al. UK - 0.44 (0.32, 0.60) 2.59
Monin et al. UK —— 0.61(0.31, 1.20) 0.97
Peeters et al. Belgium —— | 0.30 (0.19, 0.48) 1.70
Thakkar et al. USA I -+ 0.86 (0.77, 0.96) 4.24
Subgroup, DL (I’ =87.0%, p = 0.000) <} 0.62 (0.54, 0.71) 32.43
|
Heterogeneity between groups: p =0.013
Overall, DL (I2 =81.8%, p = 0.000) é 0.66 (0.61, 0.71) 100.00
1 I I I
.02 .05 A3 .35 1 2.7

Fig. 3. Risk ratios of seropositivity in patients with all hematological malignancies compared to patients with solid tumors and healthy subjects following either first

or second dose of COVID-19 vaccination.

23.2-70.9%, 12 = N/A). Considering the immune response following
second dose vaccination, the highest seropositive rate was demonstrated
in Hodgkin lymphoma (HL) (94.1%, 95%CI 85.3-99.5, I? = 51.6%) and
acute leukemia (90.6%, 95%CI 82.0-97.0, I> = 0.0%), respectively.
Besides, RRs for lower antibody response to COVID-19 vaccines in

patients with hematological malignancies compared to healthy cohort
were statistically significant in CLL (RR 0.26, 95%CI 0.18-0.37, I =
49.8% and RR 0.51, 95%CI 0.42-0.62, I* = 76.6%), NHL (RR 0.32, 95%
CI0.17-0.62, I2 = 74.8% and RR 0.54, 95%CI 0.43-0.67, I2 = 82.1%%),
plasma cell disorder (RR 0.49, 95%CI 0.39-0.62, 2 = 70.8% and RR



M. Noori et al.

0.79, 95%CI 0.75-0.83, 2= 60.4%), and MPN (RR 0.69, 95%CI
0.55-0.87, I* = 32.1% and RR 0.85, 95%CI 0.79-0.91, I* = 0.0%) pa-
tients following both first and second immunizations, respectively.
However, a considerable lower rate of seropositivness was only evident
for the first dose vaccination of MDS (RR 0.48, 95%CI 0.27-0.86, I? = N/
A) and HL (RR 0.43, 95%CI 0.24-0.79, ?= 0.0%) patients (Table 1 and
Supplementary Figs. 6-18).

3.5. Immunogenicity of COVID-19 vaccines stratified by the type of
therapies

We then stratified the pooled antibody response in patients with
hematological malignancies based on the treatment that they received.
The lowest seroprotection rate following partial immunization was
observed in anti-CD20 therapy, such that out of 167 patients, only a
small proportion of 5.7% (95%CI 2.0-10.6, I? = 0.0%) achieved
detectable antibody titers. Beside anti-CD20 therapy, the lowest sero-
positivity rate after one dose vaccination was evident for those who
received anti-CD38 treatments (42.3%, 95%CI 3.2-87.2, 12 = 88.4%).
Conversely, the highest proportion of antibody response after first dose
was estimated for patients who were administrated autologous SCT
(75.4%, 95%CI 62.9-84.8, 12 = N/A) and chemotherapy (47.2%, 95%CI
32.0-63.0, I> = N/A), respectively. Following complete immunization,
the lowest rate of achieving antibody response was observed for patients
with hematological malignancies who were on bruton’s tyrosine kinase
inhibitors (BTK inhibitors) (26.8%, 95%CI 16.9-37.8, I? = 76.1%) and
chimeric antigen receptor (CAR) T-cell therapy (28.4%, 95%CI
12.4-47.0, I? = 62.7%), while the highest rate achieved for those who
were on autologous SCT (81.7%, 95%CI 75.8-87.0, = 75.7%), and
proteasome inhibitors (PIs) (80.0%, 95%CI 71.7-87.3, I’ = 69.8%),
respectively (Table 2 and Supplementary Figs. 19-29).

At the time of vaccination, patients who were on active treatment (i.
e. receiving treatment at the time of vaccination) were less likely to
mount detectable antibody titers as compared to those who were not on
active therapy with a RR of 0.58 (95%CI 0.47-0.73, I? = 74.0%) (Sup-
plementary Fig. 30). According to anti-CD20 therapy status of patients
with hematological malignancies, cases who were on these medications
at the time of vaccination represented lower antibody response than
cases who were not (RR 0.47, 95%CI 0.40-0.54, 12 = 0.0%). Similarly,
receiving anti-CD20 therapy within 6 months before vaccination
compared to at least six-month time interval between the completion of
anti-CD20 therapy was associated with lower immune response (RR
0.20, 95%CI 0.11-0.37, I? = 57.7%). A same relationship was also
observed for a time point of 12 months, where anti-CD20 therapy within
12 months of vaccination tended to a lower seroprotection (RR 0.21,
95%CI 0.09-0.50, 1? = 80.1%) (Supplementary Fig. 31). Furthermore,
no difference was identified in antibody response following COVID-19
vaccination for those who were on anti-CD38 (RR 0.89, 95%CI
0.76-1.05, I* = 36.5%), IMIDs (RR 0.97, 95%CI 0.87-1.08, I* = 0.0%),
and PIs (RR 1.05, 95%CI 0.95-1.14, I? = 0.0%) during vaccination
program as compared to subjects who did not received these therapies.
In contrast, patients with a history of HSCT showed substantially higher
(RR 1.15, 95%CI 1.05-1.26, I? = 11.9%) and those who received rux-
olitinib represented a significant lower rate of antibody detection (RR
0.73, 95%CI 0.57-0.94, I2 = 25.3%) (Supplementary Figs. 32-36).
Moreover, type of HSCT (allogenic vs. autologous SCT: RR 0.97, 95%CI
0.86-1.09, I = 36.6%) was associated not with seropositivity. Finally,
lower that 24 month time period from HSCT to COVID-19 vaccination
relative to above 24 month time period resulted in lower seropositivness
rate (RR 0.75, 95%CI 0.61-0.93, 1> = 74.4%) (Table 3 and Supple-
mentary Fig. 32).

3.6. Immunogenicity of COVID-19 vaccines stratified by disease status
and type of vaccine

Comparing antibody response in patients with hematological
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Table 2

Pooled antibody response rate across different treatment options for patients
with hematological malignancies following either first or second dose of COVID-
19 vaccination.

Pooled antibody response rate

N Proportion (95% 12 (p value)
(@)]

Anti-CD20 First dose 167 5.7% (2.0-10.6) 0.0% (0.71)
Second 1250 31.2% (24.7-38.1) 79.7% (0.0)
dose

Anti-CD38 First dose 70 42.3% (3.2-87.2) 88.4% (0.0)
Second 384 69.7% (58.3-80.1) 71.6% (0.0)
dose

BTK inhibitors First dose N/A N/A N/A
Second 585 26.8% (16.9-37.8) 76.1% (0.0)
dose

IMIDs First dose 122 43.8% (12.4-78.1) N/A
Second 589 79.1% (71.3-86.1) 75.8% (0.0)
dose

PIs First dose 52 43.3% (29.7-57.3) N/A
Second 418 80.0% (71.7-87.3) 69.8% (0.0)
dose

Ruxolitinib First dose 26 45.9% (26.3-66.2) N/A
Second 56 66.3% (52.8-78.7) N/A
dose

Allogenic SCT First dose 315 45.9% (34.3-57.7) 70.7% (0.0)
Second 1364 79.2% (75.2-83.0) 56.1% (0.0)
dose

Autologous SCT First dose 57 75.4% (62.9-84.8) N/A
Second 885 81.7% (75.8-87.0) 75.7% (0.0)
dose

BCL2 inhibitors First dose N/A N/A N/A
Second 125 33.3% (19.9-47.9) 41.2%
dose (0.12)

Chemotherapy First dose 36 47.2% (32.0-63.0) N/A
Second 594 58.2% (42.0-73.7) 89.7% (0.0)
dose

CAR T-cell First dose N/A N/A N/A

therapy Second 89 28.4% (12.4-47.0) 62.7% (0.0)
dose

BTK inhibitors: Bruton’s tyrosine kinase inhibitors; IMIDs: Inmunomodulatory
imide drugs; PIs: Proteasome inhibitors; HSCT: Hematopoietic stem cell trans-
plantation; BCL2 inhibitors: B-cell lymphoma 2 inhibitors; CAR T-cell therapy:
Chimeric antigen receptor T-cell therapy; N: Number of patients with hemato-
logical malignancies; CI: Confidence interval; N/A: Not available.

malignancies who were in active status of the disease compared to
remission status showed a significant inverse association (RR 0.87, 95%
CI 0.76-0.99, I = 65.0%) (Supplementary Fig. 37). Also, type of the
vaccine was related to lower rate of seropositivity in patients received
BNT162.b2 compared to ones who received mRNA-1273 (RR 0.89, 95%
CI10.79-0.99, = 64.7%), but no relationship was found for BNT162.b2
vs. AZD1222 (RR 0.95, 95%CI 0.86-1.05, 2= 0.0%) and BNT162.b2 vs.
Ad26.COV2.s (RR 1.30, 95%CI 0.38-4.45, 12 = 53.1%) (Supplementary
Fig. 38).

4. Discussion

Due to the immunocompromised nature of the disease coupled with
the immunosuppressive treatments, cancer patients particularly those
with hematological malignancies are more likely to develop less anti-
body protection. The results of the present study which aimed to eval-
uate the immune response to SARS-CoV-2 vaccines in hematological
malignancies showed that these patients had a significantly reduced rate
of seroprotection following the first and second doses of vaccines
compared with healthy controls (RR 0.36 and 0.62, respectively). We
found that the antibody response rate after the first dose of immuniza-
tion was 30%, notifying 26% and 64% less detectable antibody titers
compared with those with solid tumors and healthy controls, respec-
tively. Accordingly, a previous study represented a seropositivity rate of
37-51% following the first COVID-19 vaccines dose in patients with
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Table 3
Risk ratios of seropositivity in patients with hematological malignancies based
on treatment status.

Risk ratio (95% CI)

N RR (95% CI) I2(p
value)
Treatment On active therapy vs. not on 1072 0.58 74.0%

active therapy (0.47-0.73) (0.0)

Anti-CD20 Any vs. non 944 0.47 0.0%
(0.40-0.54) (0.47)
<6 m vs. > 6 m between 411 0.20 57.7%
treatment and vaccination (0.11-0.37) (0.04)
<12 m vs. > 12 m between 561 0.21 80.1%

treatment and vaccination (0.09-0.50) (0.0)
HSCT Any vs. non 764 1.15 11.9%
(1.05-1.26) (0.349)
Allogenic SCT vs. Autologous 820 0.97 36.6%
SCT (0.86-1.09) (0.18)
<12 mvs. > 12 m between 1007 0.78 79.6%

transplantation and (0.60-1.01) (0.0)

vaccination
<24 m vs. > 24 m between 487 0.75 74.4%
transplantation and (0.61-0.93) (0.01)
vaccination

Anti-CD38 Any vs. non 494 0.89 36.5%
(0.76-1.05) (0.18)

IMIDs Any vs. non 408 0.97 0.0%
(0.87-1.08) (0.49)

PIs Any vs. non 399 1.05 0.0%
(0.95-1.14) (0.84)
Ruxolitinib ~ Any vs. non 154 0.73 25.3%

(0.57-0.94) (0.26)

IMIDs: Immunomodulatory imide drugs; PlIs: Proteasome inhibitors; HSCT: He-
matopoietic stem cell transplantation; N: Number of patients with hematological
malignancies; RR: Risk ratio; CI: Confidence interval.

hematological malignancies which increased to 61-67% after the second
dose [133]. In accordance, our study showed 62.3% (56.0-68.5%)
seroprotection following the second dose of COVID-19 vaccines. The
findings were consistent with the results of another meta-analysis of 27
studies which showed a seroconversion rate of 37.3% and 78.3%
following the first and second vaccine doses, respectively [134].

Following complete vaccination, lymphoid malignancies had less
seropositivity than myeloid neoplasms. Inline, the article by Guven and
colleagues revealed a lower seroconversion rate for patients with
lymphoid malignancies among about 20-30% of patients [134].
Notably, patients with CLL —with the seropositivity rates of 22.0% and
47.8% following the first and second dose of vaccine, respectively— had
the lowest seropositivity rates, while those with MPN had the highest
seroprotection after first dose and those with HL had the highest sero-
protection after the second dose. A survey conducted on 42 patients with
hematological malignancies also revealed that those with lymphopro-
liferative malignancies, especially CLL and NHL had less or no response
to COVID-19 vaccines [135]. A meta-analysis on 13 studies involving
2,082 patients with CLL receiving mRNA COVID-19 vaccines showed a
seroconversion rate of 52% (95%CI 48-74%) [136], which was slightly
higher than our findings; the discrepancy could be as a result of higher
sample size of our study and the inclusion of all types of vaccines.

The article by Morawska et al. which assessed the predictors of
antibody response to COVID-19 mRNA vaccines in patients with CLL
showed that being on active treatment at the time of vaccination is a
strong negative predictors of low response (odds ratio (OR) 0.15, 95%CI
0.05-0.43) [137]. Similarly, our study reported that patients who were
on active therapy had significantly lower antibody titers compared with
those who were not (RR 0.58, 95%CI: 0.47-0.73). Molica et al. showed
that patients who had exposure to anti-CD20 antibodies in previous 12
months has a seroconversion rate of 4% (1-10%) [136], which is in
accordance with our findings which only 5.7% (2.0-9.10.6) had
detectable antibody titers following partial immunization. Our results
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also revealed that patients on BTK inhibitors (i.e. ibrutinib) had a
seroconversion rate of 26.8% (16.9-37.8%). Moreover, a recent review
on patients with immune mediated inflammatory diseases was also
demonstrated that the seroconversion rate was attenuated in those who
received anti-CD20 treatments. It is well-known that anti-CD20 medi-
cations deplete the peripheral B cells efficiently, which could be
contributed in mounting less antibody titers after immunization [138].
It should be noted that in patients with hematological malignancies who
received different therapeutic regimes, various guidelines and protocols
for COVID-19 vaccination have been developed. While for those who
receive tyrosine kinase inhibitors vaccines should be administered as
soon as possible, it is recommended a time period of 3 months for pa-
tients on CAR-T cell therapy, 3-6 months for patients on HSCT, 6 months
after lymphodepleting therapies (e.g. rituximab), and until recovery
from absolute neutrophil count for those receiving chemotherapy to
administer COVID-19 vaccines [139].

Of particular interest, while being on active treatment was signifi-
cantly associated with less detectable antibody, the results of our study
showed that the phase of disease (i.e. active and remission) and type of
vaccine did not have a remarkable association with antibody response. It
is suggested for both active cancers and those on remission or survi-
vorship phases to receive vaccines in order to prevent COVID-19-related
complications [140]. Regarding type of COVID-19 vaccines for patients
with hematological malignancies, all types of COVID-19 vaccines are
safe and effective except for live-attenuated vaccines [141].

Taken together, we noticed that the antibody response to COVID-19
vaccines is extremely lower in patients with hematological malignancies
after both first and second doses. It has been reported that boosting the
vaccinations with a third dose can somewhat improve the immune
response; however, a great proportion of patients with NHL still
continued to represent lower antibody level than the healthy partici-
pants [142]. Furthermore, Susol and collogues evaluated the immuno-
genicity of COVID-19 vaccines in patients with hematological
malignancies who did not achieve the antibody seroconversion rate.
They showed that 23% of patients with initial failure seroconverted after
a third dose. Nevertheless, none of the CLL patients responded to the
third dose [143]. Likewise, Mair et al. reported that 66.7% of hemato-
logic malignant patients with ongoing anti-B-cell treatments did not
develop antibodies after the third dose, whereas it was the case in 7.5%
of patients without anti-B-cell therapy [144]. Consequently, timely
measurement of antibody levels for planning the dose and schedule of
subsequent COVID-19 vaccine might be necessary in these patients
particularly who are on active therapies.

Our study is the most up-to-dated study which evaluated different
aspects of the immune response to COVID-19 vaccines in patients with
malignancies. While a previous study has also reported the pooled
response rate in these patients, the risk ratios for comparing with solid
tumors and healthy subjects were not reported [145]. In addition, with
including 82 eligible publications, we still believe that our review is the
most comprehensive to date. Nevertheless, we acknowledge that the
present study has several limitations: 1) including results of preprint
studies which has not yet been peer-reviewed might lead to bias in the
study findings; 2) due to the effects of prior history of SARS-CoV-2
infection on the antibody response rates of individuals [146], inclu-
sion of studies which did not report the status of prior COVID-19 can
affect the interpretation of the analyses; 3) the antibody titers and
seropositivity were assessed in a wide range of follow-up from 7 to 134
days, so the duration might not be enough for antibody production in
some studies and might affect the results of pooling the results; 4)
because most of the included articles assessed the immune response due
to BNT162b2 and mRNA-1273 vaccines, therefore, the generalizability
of the findings to other vaccine types and platforms is limited; 5)
included patients of different studies were on treatments with different
types of medications and various doses which might cause differences in
response to COVID-19 vaccines; 6) the included studies only evaluated
the effects of first and second doses and COVID-19 vaccines, whereas the
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immune response to booster vaccine doses was not assessed in the cur-
rent study; 7) the studies were carried out in different time ranges when
a specific SARS-CoV-2 variant was dominant, so the results could not be
applicable to newly emerging variants like Omicron; 8) since we only
included adult patients with hematological malignancies, the findings
are not applicable to children and adolescents with malignancies;
finally, the effects of demographic characteristics of included partici-
pants like age, sex, and race on antibody response to vaccines were not
evaluated in the present study.

5. Conclusions

The present study shows that patients with hematological malig-
nancies have lower antibody titers than those with solid tumors or
healthy individuals. As a result, patients with lymphoid tumors, espe-
cially CLL and those who are on anti-CD20 therapies should more
strictly comply with COVID-19 prevention protocols or even be priori-
tized for booster vaccine dose. According to the meta-analysis results,
those on active status of the disease and receiving treatment at time of
vaccination had less detectable antibodies. Further studies are recom-
mended to evaluate T-cell responses after immunization, the effects of
other newly developed COVID-19 vaccines on antibody response of
patients with malignancies and to evaluate the effects of booster doses of
SARS-CoV-2 in order to develop guidelines for COVID-19 vaccination in
patients with hematological or solid cancers.

Availability of data, code and other materials

The data that support the findings of this study are available upon
reasonable request.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

The authors would like to express their gratitude to Shahid Beheshti
University of Medical Sciences (Tehran, Iran) and Iran University of
Medical Sciences (Tehran, Iran) for supporting this study.

Appendix A. Supplementary material

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.intimp.2022.109046.

References

[1] T.A. Ghebreyesus, WHO Director-General’s opening remarks at the media
briefing on COVID-19. 2020. Geneva: World Health Organization, 2020.

[2] A. Almasi-Hashiani, A. Doosti-Irani, M.A. Mansournia, Case Fatality Rate of
COVID-19: Meta-Analysis Approach, Arch. Iran Med. 23 (9) (2020) 644-646.

[3] A. Mullard, Pfizer’s COVID-19 vaccine secures first full FDA approval, Nat. Rev.
Drug Discov. 20 (10) (2021).

[4] L.R. Baden, H.M. El Sahly, B. Essink, K. Kotloff, S. Frey, R. Novak, D. Diemert, S.

A. Spector, N. Rouphael, C.B. Creech, J. McGettigan, S. Khetan, N. Segall, J. Solis,

A. Brosz, C. Fierro, H. Schwartz, K. Neuzil, L. Corey, P. Gilbert, H. Janes,

D. Follmann, M. Marovich, J. Mascola, L. Polakowski, J. Ledgerwood, B.

S. Graham, H. Bennett, R. Pajon, C. Knightly, B. Leav, W. Deng, H. Zhou, S. Han,

M. Ivarsson, J. Miller, T. Zaks, Efficacy and Safety of the mRNA-1273 SARS-CoV-2

Vaccine, N. Engl. J. Med. 384 (5) (2021) 403-416.

J. Sadoff, G. Gray, A.n. Vandebosch, V. Cardenas, G. Shukarev, B. Grinsztejn, P.

A. Goepfert, C. Truyers, H. Fennema, B. Spiessens, K. Offergeld, G. Scheper, K.

L. Taylor, M.L. Robb, J. Treanor, D.H. Barouch, J. Stoddard, M.F. Ryser, M.

A. Marovich, K.M. Neuzil, L. Corey, N. Cauwenberghs, T. Tanner, K. Hardt,

J. Ruiz-Guinazui, M. Le Gars, H. Schuitemaker, J. Van Hoof, F. Struyf,

M. Douoguih, Safety and Efficacy of Single-Dose Ad26.COV2.S Vaccine against

Covid-19, N. Engl. J. Med. 384 (23) (2021) 2187-2201.

[6] M. Voysey, S.A.C. Clemens, S.A. Madhi, L.Y. Weckx, P.M. Folegatti, P.K. Aley, et
al., Safety and efficacy of the ChAdOx1 nCoV-19 vaccine (AZD1222) against

[5

[}

[7

—

[8

=

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

International Immunopharmacology 110 (2022) 109046

SARS-CoV-2: an interim analysis of four randomised controlled trials in Brazil,
South Africa, and the UK, Lancet 397 (10269) (2021) 99-111.

S. Xia, Y. Zhang, Y. Wang, H. Wang, Y. Yang, G.F. Gao, W. Tan, G. Wu, M. Xu,
Z. Lou, W. Huang, W. Xu, B. Huang, H. Wang, W. Wang, W. Zhang, N.a. Li, Z. Xie,
L. Ding, W. You, Y. Zhao, X. Yang, Y. Liu, Q. Wang, L. Huang, Y. Yang, G. Xu,
B. Luo, W. Wang, P. Liu, W. Guo, X. Yang, Safety and immunogenicity of an
inactivated SARS-CoV-2 vaccine, BBIBP-CorV: a randomised, double-blind,
placebo-controlled, phase 1/2 trial, Lancet Infect. Dis. 21 (1) (2021) 39-51.

B. Doroftei, A. Ciobica, O.-D. Ilie, R. Maftei, C. Ilea, Mini-Review Discussing the
Reliability and Efficiency of COVID-19 Vaccines, Diagnostics (Basel) 11 (4)
(2021) 579.

M. Keykhaei, M. Masinaei, E. Mohammadi, S. Azadnajafabad, N. Rezaei, S. Saeedi
Moghaddam, N. Rezaei, M. Nasserinejad, M. Abbasi-Kangevari, M.-R. Malekpour,
S.-H. Ghamari, R. Haghshenas, K. Koliji, F. Kompani, F. Farzadfar, A global,
regional, and national survey on burden and Quality of Care Index (QCI) of
hematologic malignancies; global burden of disease systematic analysis
1990-2017, Experimental Hematol. & Oncology. 10 (1) (2021).

A. Smith, D. Howell, R. Patmore, A. Jack, E. Roman, Incidence of haematological
malignancy by sub-type: a report from the Haematological Malignancy Research
Network, Br. J. Cancer 105 (11) (2011) 1684-1692.

L. Pagano, J. Salmanton-Garcia, F. Marchesi, A. Busca, P. Corradini, M. Hoenigl,
et al., COVID-19 infection in adult patients with hematological malignancies: a
European Hematology Association Survey (EPICOVIDEHA), J. Hematol. Oncol.
14 (1) (2021).

F. Malard, A. Genthon, E. Brissot, Z. van de Wyngaert, Z. Marjanovic, S. Ikhlef,
A. Banet, S. Lapusan, S. Sestilli, E. Corre, A. Paviglianiti, R. Adaeva,

F. M.’Hammedi-Bouzina, M. Labopin, O. Legrand, R. Dulery, M. Mohty, COVID-
19 outcomes in patients with hematologic disease, Bone Marrow Transplant. 55
(11) (2020) 2180-2184.

X. Li, S. Xu, M. Yu, K.e. Wang, Y.u. Tao, Y. Zhou, J. Shi, M. Zhou, B.o. Wu,

Z. Yang, C. Zhang, J. Yue, Z. Zhang, H. Renz, X. Liu, J. Xie, M. Xie, J. Zhao, Risk
factors for severity and mortality in adult COVID-19 inpatients in Wuhan,

J. Allergy Clin. Immunol. 146 (1) (2020) 110-118.

F. Passamonti, C. Cattaneo, L. Arcaini, R. Bruna, M. Cavo, F. Merli, et al., Clinical
characteristics and risk factors associated with COVID-19 severity in patients with
haematological malignancies in Italy: a retrospective, multicentre, cohort study,
Lancet Haematol. 7 (10) (2020) e737-€745.

A. Desai, J.F. Gainor, A. Hegde, A.M. Schram, G. Curigliano, S. Pal, S.V. Liu,

B. Halmos, R. Groisberg, E. Grande, T. Dragovich, M. Matrana, N. Agarwal,

S. Chawla, S. Kato, G. Morgan, P.M. Kasi, B. Solomon, H.H. Loong, H. Park, T.
K. Choueiri, .M. Subbiah, N. Pemmaraju, V. Subbiah, COVID-19 vaccine
guidance for patients with cancer participating in oncology clinical trials, Nat.
Rev. Clin. Oncol. 18 (5) (2021) 313-319.

A. Allegra, A. Tonacci, C. Musolino, G. Pioggia, S. Gangemi, Secondary
Immunodeficiency in Hematological Malignancies: Focus on Multiple Myeloma
and Chronic Lymphocytic Leukemia, Front. Immunol. 12 (2021).

S. Tran, T.H. Truong, A. Narendran, Evaluation of COVID-19 vaccine response in
patients with cancer: An interim analysis, Eur. J. Cancer 159 (2021) 259-274.
M.J. Page, J.E. McKenzie, P.M. Bossuyt, I. Boutron, T.C. Hoffmann, C.D. Mulrow,
et al., The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews, Bmj. 372 (2021).

N.R. Haddaway, A.M. Collins, D. Coughlin, S. Kirk, K.B. Wray, The Role of Google
Scholar in Evidence Reviews and Its Applicability to Grey Literature Searching,
PLoS ONE 10 (9) (2015).

G.A. Wells, B.S. D O’Connell, J. Peterson, V. Welch, M. Losos, P. Tugwell, The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomised studies
in meta-analyses [Available from: http://www.ohri.ca/programs/clinical
epidemiology/oxford.asp.

V.N. Nyaga, M. Arbyn, M. Aerts, Metaprop: a Stata command to perform meta-
analysis of binomial data, Arch. Public Health 72 (1) (2014) 1-10.

J.P. Higgins, S.G. Thompson, J.J. Deeks, D.G. Altman, Measuring inconsistency in
meta-analyses, BMJ 327 (7414) (2003) 557-560.

H. Ali, D. Ngo, A. Aribi, S. Arslan, S. Dadwal, G. Marcucci, et al., Safety and
tolerability of SARS-CoV2 emergency-use authorized vaccines for allogeneic
hematopoietic stem cell transplant recipients, Transplantation and Cell. Therapy
2021;27(11):938. el-. e6.

D. Cohen, S.H. Krauthammer, Y.C. Cohen, C. Perry, 1. Avivi, Y. Herishanu, et al.,
Correlation between BNT162b2 mRNA Covid-19 vaccine-associated
hypermetabolic lymphadenopathy and humoral immunity in patients with
hematologic malignancy, Eur. J. Nucl. Med. Mol. Imaging 1-10 (2021).

C.E. Foster, A.D.V. Penella, A.L. Davis, A.S. Arrington, J. Campbell, D.L. Palazzi,
Varicella-Zoster virus reactivation following SARS-CoV-2 immunization in two
patients with leukemia, Pediatr. Blood Cancer 68 (10) (2021).

A. Matkowska-Kocjan, J. Owoc-Lempach, J. Chruszcz, E. Kuznik, F. Szenborn,
L. Jurczenko, M. Wdjcik, D. Banys, L. Szenborn, M. Ussowicz, The COVID-19
mRNA BNT163b2 vaccine was well tolerated and highly immunogenic in young
adults in long follow-up after haematopoietic stem cell transplantation, Vaccines.
9 (10) (2021) 1209.

A. Mauriello, M. Scimeca, I. Amelio, R. Massoud, A. Novelli, F. Di Lorenzo,

S. Finocchiaro, C. Cimino, R. Telesca, M. Chiocchi, Q. Sun, Y. Wang, Y. Shi,

G. Novelli, G. Melino, Thromboembolism after COVID-19 vaccine in patients with
preexisting thrombocytopenia, Cell Death Dis. 12 (8) (2021).

M. Mittelman, O. Magen, N. Barda, N. Dagan, H.S. Oster, A. Leader, R. Balicer,
Effectiveness of the BNT162b2mRNA Covid-19 vaccine in patients with
hematological neoplasms in a nationwide mass vaccination setting, Blood 139
(10) (2022) 1439-1451.



https://doi.org/10.1016/j.intimp.2022.109046
https://doi.org/10.1016/j.intimp.2022.109046
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0010
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0010
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0015
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0015
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0020
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0020
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0020
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0020
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0020
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0020
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0020
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0025
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0025
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0025
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0025
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0025
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0025
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0025
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0030
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0030
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0030
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0030
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0035
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0035
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0035
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0035
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0035
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0035
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0040
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0040
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0040
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0045
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0045
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0045
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0045
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0045
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0045
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0050
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0050
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0050
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0055
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0055
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0055
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0055
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0060
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0060
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0060
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0060
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0060
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0065
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0065
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0065
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0065
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0070
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0070
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0070
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0070
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0075
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0075
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0075
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0075
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0075
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0075
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0080
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0080
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0080
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0085
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0085
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0090
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0090
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0090
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0095
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0095
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0095
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0105
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0105
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0110
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0110
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0120
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0120
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0120
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0120
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0125
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0125
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0125
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0130
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0130
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0130
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0130
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0130
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0135
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0135
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0135
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0135
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0140
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0140
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0140
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0140

M. Noori et al.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

L. Pagano, J. Salmanton-Garcia, F. Marchesi, A. Lopez-Garcia, S. Lamure, F. Itri,
et al., COVID-19 in vaccinated adult patients with hematological malignancies.
Preliminary results from EPICOVIDEHA, Blood (2021).

A.C.P. So, H. McGrath, J. Ting, K. Srikandarajah, S. Germanou, C. Moss,

B. Russell, M. Monroy-Iglesias, S. Dolly, S. Irshad, M. Van Hemelrijck, D. Enting,
COVID-19 Vaccine Safety in Cancer Patients: A Single Centre Experience,
Cancers. 13 (14) (2021) 3573.

D. Iacono, L. Cerbone, L. Palombi, E. Cavalieri, I. Sperduti, R.A. Cocchiara,

B. Mariani, G. Parisi, C. Garufi, Serological response to COVID-19 vaccination in
patients with cancer older than 80 years, J. Geriatric Oncology 12 (8) (2021)
1253-1255.

L. Canti, S. Humblet-Baron, I. Desombere, J. Neumann, P. Pannus, L. Heyndrickx,
A. Henry, S. Servais, E. Willems, G. Ehx, S. Goriely, L. Seidel, J. Michiels,

B. Willems, A. Liston, K.K. Arién, Y. Beguin, M.E. Goossens, A. Marchant,

F. Baron, Predictors of neutralizing antibody response to BNT162b2 vaccination
in allogeneic hematopoietic stem cell transplant recipients, J. Hematol. & Oncol.
14 (1) (2021).

K. Maneikis, K. Sablauskas, U. Ringeleviciiité, V. Vaitekénaité, R. Cekauskiene,
L. Kryzauskaité, D. Naumovas, V. Banys, V. Peceliunas, T. Beinortas,

L. Griskevicius, Immunogenicity of the BNT162b2 COVID-19 mRNA vaccine and
early clinical outcomes in patients with haematological malignancies in
Lithuania: a national prospective cohort study, The Lancet Haematology. 8 (8)
(2021) e583-e592.

V. Naranbhai, C.A. Pernat, A. Gavralidis, K.J. St Denis, E.C. Lam, L.M. Spring, S.
J. Isakoff, J.R. Farmer, L. Zubiri, G.S. Hobbs, J. How, A.M. Brunner, A.T. Fathi, J.
L. Peterson, M. Sakhi, G. Hambelton, E.N. Denault, L.J. Mortensen, L.A. Perriello,
M.N. Bruno, B.Y. Bertaux, A.R. Lawless, M.A. Jackson, E. Niehoff, C. Barabell, C.
N. Nambu, E. Nakajima, T. Reinicke, C. Bowes, C.J. Berrios-Mairena, O. Ofoman,
G.E. Kirkpatrick, J.C. Thierauf, K. Reynolds, H. Willers, W.-G. Beltran, A.S. Dighe,
R. Saff, K. Blumenthal, R.J. Sullivan, Y.-B. Chen, A. Kim, A. Bardia, A.B. Balazs, A.
J. Iafrate, J.F. Gainor, Immunogenicity and reactogenicity of SARS-CoV-2
vaccines in patients with cancer: the CANVAX cohort study, J. Clin. Oncol. 40 (1)
(2022) 12-23.

L. Chehade, J. Zeitoun, R. Bejjany, M. Charafeddine, F. Kreidieh, M. Hassan, et al.,
COVID-19 vaccination immune response in patients with solid organ and
haematologic malignancies: call for active monitoring, ecancermedicalscience. 15
(2021).

G. Revon-Riviere, L. Ninove, V. Min, A. Rome, C. Coze, A. Verschuur, X. de
Lamballerie, N. André, The BNT162b2 mRNA COVID-19 vaccine in adolescents
and young adults with cancer: A monocentric experience, Eur. J. Cancer 154
(2021) 30-34.

S. Lockmer, K. Uttervall, M. Kashif, C. Svéard, K. Malmsten, E. Fletcher-Torres, et
al., Antibody response to COVID-19 mRNA vaccine (Comirnaty) in myeloma
patients treated with high-dose melphalan and/or immunotherapy, Am. J.
Hematol. 96 (11) (2021) E443-E446.

L.M. Greenberger, L.A. Saltzman, J.W. Senefeld, P.W. Johnson, L.J. DeGennaro,
G.L. Nichols, Anti-spike antibody response to SARS-CoV-2 booster vaccination in
patients with B cell-derived hematologic malignancies, Cancer Cell 39 (10)
(2021) 1297-1299.

J.A. Hill, C.S. Ujjani, A.L. Greninger, M. Shadman, A.K. Gopal, Inmunogenicity of
a heterologous COVID-19 vaccine after failed vaccination in a lymphoma patient,
Cancer Cell 39 (8) (2021) 1037-1038.

A. Le Bourgeois, M. Coste-Burel, T. Guillaume, P. Peterlin, A. Garnier, B.-

M. Imbert, T. Drumel, B. Mahé, V. Dubruille, N. Blin, A. Lok, C. Touzeau,

T. Gastinne, B. Tessoulin, M. Jullien, S. Vantyghem, P. Moreau, S. Le Gouill, M.
C. Béné, P. Chevallier, Interest of a third dose of BNT162b2 anti-SARS-CoV-2
messenger RNA vaccine after allotransplant, Br. J. Haematol. 196 (5) (2022).

J. Marlet, P. Gatault, Z. Maakaroun, H. Longuet, K. Stefic, L. Handala, S. Eymieux,
E. Gyan, C. Dartigeas, C. Gaudy-Graffin, Antibody Responses after a Third Dose of
COVID-19 Vaccine in Kidney Transplant Recipients and Patients Treated for
Chronic Lymphocytic Leukemia, Vaccines. 9 (10) (2021) 1055.

A. Della Pia, G.Y. Kim, J. Ahn, Y. Liu, B. Lukasik, A. Contractor, A. Krushna,

L. Ayyagari, M. Koropsak, L.A. Leslie, A.H. Goy, T.A. Feldman, A. Ip, Production
of Anti-Spike Antibodies in Response to COVID Vaccine in Lymphoma Patients,
Blood 138 (Supplement 1) (2021).

A.-O. Abdallah, Z. Mahmoudjafari, M. Mohan, J.P. McGuirk, C. Remker, M. Foss,
et al., Neutralizing Antibody Responses Against Sars-Cov-2 in Patients with
Plasma Cell Disorders Who Are on Active Treatment after Two Doses of mRNA
Vaccination, Blood 138 (Supplement 1) (2021) 3804.

C. Agrati, C. Castilletti, A. Sacchi, F. Colavita, M.R. Capobianchi, V. Puro,

E. Nicastri, G. Ippolito, M. Bibas, Immunogenicity and safety of BNT162b2
COVID-19 vaccine in a chronic lymphocytic leukaemia patient, J. Cell Mol. Med.
25 (13) (2021) 6460-6462.

D. Atanackovic, T. Luetkens, S.V. Avila, N.M. Hardy, F. Lutfi, G. Sanchez-Petitto,
E. Vander Mause, N. Glynn, H.D. Mannuel, H. Alkhaldi, K. Hankey, J. Baddley,
S. Dahiya, A.P. Rapoport, Anti-SARS-CoV-2 Immune Responses in Patients
Receiving an Allogeneic Stem Cell or Organ Transplant, Vaccines 9 (7) (2021)
737.

A. Aleman, B. Upadhyaya, K. Tuballes, K. Kappes, C.R. Gleason, K. Beach, S. Agte,
K. Srivastava, O. Van Oekelen, V. Barcessat, N. Bhardwaj, S. Kim-Schulze,

S. Gnjatic, B. Brown, C. Cordon-Cardo, F. Krammer, M. Merad, S. Jagannath,

A. Wajnberg, V. Simon, S. Parekh, D. Andre, A. Azad, R. Banu, M.C. Bermudez-
Gonzalez, G. Cai, C. Cognigni, K. David, D. Floda, A. Firpo, G. Kleiner, N. Lyttle,
W. Mendez, L.C.F. Mulder, R. Mendu, A. Oostenink, A. Rooker, K. Russo,

A. Salimbangon, M. Saksena, A. Shin, L. Sominsky, Variable cellular responses to

10

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

International Immunopharmacology 110 (2022) 109046

SARS-CoV-2 in fully vaccinated patients with multiple myeloma, Cancer Cell 39
(11) (2021) 1442-1444.

1. Saad Albichr, J. De Greef, E. Van Den Neste, X. Poiré, V. Havelange, M.-

C. Vekemans, S. Bailly, J.-C. Yombi, S. Mzougui, A. Scohy, B. Kabamba-Mukadi,
Cellular response to COVID-19 vaccines in hematologic malignancies patients: a
new hope for non-responders? Leukemia & Lymphoma 63 (3) (2022) 743-746.
F. Marchesi, F. Pimpinelli, E. Sperandio, E. Papa, P. Falcucci, M. Pontone, S. di
Martino, L. de Latouliere, G. Orlandi, A. Morrone, G. Ciliberto, A. Mengarelli, The
12-week kinetics of anti-SARS-CoV-2 antibodies in different haematological
cancers after vaccination with BNT162b2, Br. J. Haematol. 196 (2) (2022)
362-367.

C. Agrati, S. Di Cosimo, D. Fenoglio, G. Apolone, F. Ciceri, G. Ciliberto,

F. Baldanti, M. Costantini, D. Giannarelli, G. Ippolito, F. Locatelli, A. Mantovani,
A. Morrone, F. Tagliavini, A. Uccelli, P.L. Zinzani, N. Silvestris, M. Rescigno,
COVID-19 Vaccination in Fragile Patients: Current Evidence and an Harmonized
Transdisease Trial, Front. Immunol. 12 (2021).

M.C. Woodfield, S.A. Pergam, P.D. Shah, Cocooning against COVID-19: The
argument for vaccinating caregivers of patients with cancer, Cancer 127 (16)
(2021) 2861-2863.

A. Addeo, P.K. Shah, N. Bordry, R.D. Hudson, B. Albracht, M. Di Marco,

V. Kaklamani, P.-Y. Dietrich, B.S. Taylor, P.-F. Simand, D. Patel, J. Wang,

1. Labidi-Galy, S. Fertani, R.J. Leach, J. Sandoval, R. Mesa, K. Lathrop, N. Mach,
D.P. Shah, Immunogenicity of SARS-CoV-2 messenger RNA vaccines in patients
with cancer, Cancer Cell 39 (8) (2021) 1091-1098.e2.

M.E. Agha, M. Blake, C. Chilleo, A. Wells, G. Haidar (Eds.), Suboptimal response
to coronavirus disease 2019 messenger RNA vaccines in patients with
hematologic malignancies: a need for vigilance in the postmasking era. Open
forum infectious diseases, Oxford University Press, US, 2021.

A. Aleman, B. Upadhyaya, K. Tuballes, K. Kappes, C.R. Gleason, K. Beach, et al.,
Variable cellular responses to SARS-CoV-2 in fully vaccinated patients with
multiple myeloma, Cancer Cell. 2021;39(11):1442-1444.

M. Ariamanesh, P. Porouhan, B. Peyroshabany, D. Fazilat-Panah, M. Dehghani,
M. Nabavifard, et al., Immunogenicity and Safety of the Inactivated SARS-CoV-2
Vaccine (BBIBP-CorV) in Patients with Malignancy, Cancer Investigation (2021)
1-9.

I. Avivi, R. Balaban, T. Shragai, G. Sheffer, M. Morales, A. Aharon, N. Lowenton-
Spier, S. Trestman, C. Perry, N. Benyamini, M. Mittelman, Y. Tabib, T. Bar Lev,
M. Zavaro, Y. Herishanu, E. Luttwak, Y.C. Cohen, Humoral response rate and
predictors of response to BNT162b2 mRNA COVID19 vaccine in patients with
multiple myeloma, Br. J. Haematol. 195 (2) (2021) 186-193.

M. Benda, B. Mutschlechner, H. Ulmer, C. Grabher, L. Severgnini, A. Volgger,
P. Reimann, T. Lang, M. Atzl, M. Huynh, K. Gasser, U. Petrausch, P. Fraunberger,
B. Hartmann, T. Winder, Serological SARS-CoV-2 antibody response, potential
predictive markers and safety of BNT162b2 mRNA COVID-19 vaccine in
haematological and oncological patients, Br. J. Haematol. 195 (4) (2021)
523-531.

O. Benjamini, L. Rokach, G. Itchaki, A. Braester, L. Shvidel, N. Goldschmidt,

S. Shapira, N. Dally, A. Avigdor, G. Rahav, Y. Lustig, S.S. Ben David, R. Fineman,
A. Paz, O. Bairey, A. Polliack, I. Levy, T. Tadmor, Safety and efficacy of BNT162b
mRNA Covid19 Vaccine in patients with chronic lymphocytic leukemia,
Haematologica (2021).

P. Bergman, O. Blennow, L. Hansson, S. Mielke, P. Nowak, P. Chen, G. Soderdahl,
A. ésterborg, C.LE. Smith, D. Wullimann, J. Vesterbacka, G. Lindgren, L. Blixt,
G. Friman, E. Wahren-Borgstrom, A. Nordlander, A.C. Gomez, M. Akber,

D. Valentini, A.-C. Norlin, A. Thalme, G. Bogdanovic, S. Muschiol, P. Nilsson,

S. Hober, K. Loré, M.S. Chen, M. Buggert, H.-G. Ljunggren, P. Ljungman,

S. Aleman, Safety and efficacy of the mRNA BNT162b2 vaccine against SARS-
CoV-2 in five groups of immunocompromised patients and healthy controls in a
prospective open-label clinical trial, EBioMedicine 74 (2021).

S. Bird, A. Panopoulou, R.L. Shea, M. Tsui, R. Saso, A. Sud, S. West, K. Smith,
J. Barwood, E. Kaczmarek, C. Panlaqui, M. Kaiser, S. Stern, C. Pawlyn, K. Boyd,
Response to first vaccination against SARS-CoV-2 in patients with multiple
myeloma, The Lancet Haematology 8 (6) (2021) e389-e392.

S. Bitoun, J. Henry, C. Vauloup-Fellous, N. Dib, R. Belkhir, L. Mouna, C. Joly,
D. Desjardins, M. Bitu, R. Le Grand, R. Seror, A.-M. Roque Afonso, X. Mariette,
Response to COVID-19 mRNA vaccination in multiple myeloma is conserved but
impaired compared to controls, J. Hematol. & Oncology 14 (1) (2021).

G. Caocci, O. Mulas, D. Mantovani, A. Costa, A. Galizia, L. Barabino, M. Greco,
R. Murru, G. La Nasa, Ruxolitinib does not impair humoral immune response to
COVID-19 vaccination with BNT162b2 mRNA COVID-19 vaccine in patients with
myelofibrosis, Ann. Hematol. 101 (4) (2022) 929-931.

D. Cattaneo, C. Bucelli, F. Cavallaro, D. Consonni, A. Iurlo, Impact of diagnosis
and treatment on response to COVID-19 vaccine in patients with BCR-ABL1-
negative myeloproliferative neoplasms. A single-center experience. Blood, Cancer
J. 11 (11) (2021).

W.Y. Chan, L. Howells, W. Wilson, E. Sanchez, L. Ainley, S.J. Chavda, E. Dowling,
N. Correia, C.S.Y. Lecat, A. McMillan, B. Wisniowski, S. Mahmood,

X. Papanikolaou, L. Lee, J. Sive, C. Kyriakou, A. Wechalekar, R. Popat, N. Rabin,
E. Nastouli, K.L. Yong, K.e. Xu, Serological response to the BNT162b2 mRNA or
ChAdOx1 nCoV-19 COVID-19 vaccine after first and second doses in patients with
plasma cell disorders: influence of host and disease factors, Br. J. Haematol. 196
(3) (2022).

P. Chevallier, M. Coste-Burel, A. Le Bourgeois, P. Peterlin, A. Garnier, M.C. Béné,
B.-M. Imbert, T. Drumel, S. Le Gouill, P. Moreau, B. Mahe, V. Dubruille, N. Blin,
A. Lok, C. Touzeau, T. Gastinne, M. Jullien, S. Vanthygem, T. Guillaume, Safety


http://refhub.elsevier.com/S1567-5769(22)00530-6/h0145
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0145
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0145
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0150
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0150
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0150
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0150
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0155
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0155
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0155
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0155
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0160
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0160
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0160
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0160
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0160
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0160
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0165
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0165
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0165
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0165
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0165
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0165
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0170
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0170
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0170
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0170
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0170
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0170
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0170
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0170
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0170
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0170
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0175
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0175
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0175
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0175
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0180
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0180
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0180
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0180
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0185
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0185
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0185
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0185
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0190
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0190
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0190
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0190
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0195
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0195
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0195
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0200
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0200
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0200
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0200
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0200
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0205
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0205
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0205
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0205
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0210
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0210
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0210
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0210
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0215
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0215
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0215
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0215
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0220
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0220
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0220
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0220
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0225
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0225
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0225
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0225
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0225
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0230
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0230
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0230
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0230
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0230
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0230
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0230
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0230
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0230
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0235
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0235
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0235
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0235
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0240
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0240
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0240
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0240
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0240
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0245
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0245
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0245
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0245
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0245
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0250
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0250
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0250
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0255
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0255
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0255
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0255
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0255
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0260
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0260
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0260
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0260
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0270
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0270
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0270
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0270
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0275
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0275
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0275
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0275
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0275
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0280
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0280
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0280
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0280
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0280
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0280
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0285
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0285
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0285
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0285
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0285
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0290
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0290
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0290
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0290
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0290
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0290
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0290
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0290
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0295
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0295
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0295
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0295
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0300
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0300
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0300
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0300
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0305
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0305
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0305
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0305
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0310
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0310
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0310
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0310
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0315
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0315
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0315
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0315
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0315
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0315
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0315
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0320
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0320
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0320

M. Noori et al.

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

and immunogenicity of a first dose of SARS-CoV-2 mRNA vaccine in allogeneic
hematopoietic stem-cells recipients, eJHaem. 2 (3) (2021) 520-524.

M. Chiarucci, S. Paolasini, A. Isidori, B. Guiducci, F. Loscocco, M. Capalbo, et al.,
Immunological Response Against SARS-COV-2 After BNT162b2 Vaccine
Administration Is Impaired in Allogeneic but Not in Autologous Stem Cell
Transplant Recipients, Front Oncol. 11 (2021), 737300.

O. Chowdhury, H. Bruguier, G. Mallett, N. Sousos, K. Crozier, C. Allman, D. Eyre,
S. Lumley, M. Strickland, C.S. Karali, L. Murphy, A. Sternberg, K. Jeffery, A.

J. Mead, A. Peniket, B. Psaila, Impaired antibody response to COVID-19
vaccination in patients with chronic myeloid neoplasms, Br. J. Haematol. 194 (6)
(2021) 1010-1015.

D.J. Chung, G.L. Shah, S.M. Devlin, L.V. Ramanathan, S. Doddi, M.S. Pessin, et al.,
Disease- and Therapy-Specific Impact on Humoral Immune Responses to COVID-
19 Vaccination in Hematologic Malignancies, Blood Cancer Discov. 2 (6) (2021)
568-576.

J.L. Crombie, A.C. Sherman, C.-A. Cheng, C.E. Ryan, R. Zon, M. Desjardins,

P. Baker, M. McDonough, N. Izaguirre, B. Bausk, J. Krauss, T. Gilboa, Y. Senussi,
D.R. Walt, M.S. Davids, J.R. Brown, P. Armand, L.R. Baden, N. Issa, Activity of
mRNA COVID-19 vaccines in patients with lymphoid malignancies, Blood Adv. 5
(16) (2021) 3062-3065.

G. Del Poeta, R. Bomben, J. Polesel, F.M. Rossi, F. Pozzo, E. Zaina, 1. Cattarossi,
P. Varaschin, P. Nanni, R. Boschian Boschin, M. Postorino, R. Laureana,

G. Pasqualone, A. Steffan, M. Gentile, A. Zucchetto, V. Gattei, COVID-19
vaccination: Evaluation of risk for protection failure in chronic lymphocytic
leukemia patients, Hematol. Oncol. 39 (5) (2021) 712-714.

B. Dhakal, S. Abedin, T. Fenske, S. Chhabra, N. Ledeboer, P. Hari, et al., Response
to SARS-CoV-2 vaccination in patients after hematopoietic cell transplantation
and CAR T-cell therapy, Blood 138 (14) (2021) 1278-1281.

S. Easdale, R. Shea, L. Ellis, J. Bazin, K. Davis, F. Dallas, E. Thistlethwayte,

M. Ethell, M. Potter, C. Arias, C. Anthias, E. Nicholson, Serologic Responses
following a Single Dose of SARS-Cov-2 Vaccination in Allogeneic Stem Cell
Transplantation Recipients. Transplantation and Cellular, Therapy. 27 (10)
(2021) 880.e1-880.e4.

S. Ehmsen, A. Asmussen, S.S. Jeppesen, A.C. Nilsson, S. @sterlev, H. Vestergaard,
U.S. Justesen, L.S. Johansen, H. Frederiksen, H.J. Ditzel, Antibody and T cell
immune responses following mRNA COVID-19 vaccination in patients with
cancer, Cancer Cell 39 (8) (2021) 1034-1036.

A. Fendler, S.T.C. Shepherd, L. Au, K.A. Wilkinson, M. Wu, F. Byrne, M. Cerrone,
A.M. Schmitt, N. Joharatnam-Hogan, B. Shum, Z. Tippu, K. Rzeniewicz, L.A. Boos,
R. Harvey, E. Carlyle, K. Edmonds, L. Del Rosario, S. Sarker, K. Lingard,

M. Mangwende, L. Holt, H. Ahmod, J. Korteweg, T. Foley, J. Bazin, W. Gordon,
T. Barber, A. Emslie-Henry, W. Xie, C.L. Gerard, D. Deng, E.C. Wall, A. Agua-
Doce, S. Namjou, S. Caidan, M. Gavrielides, J.I. MacRae, G. Kelly, K. Peat,

D. Kelly, A. Murra, K. Kelly, M. O’Flaherty, L. Dowdie, N. Ash, F. Gronthoud, R.
L. Shea, G. Gardner, D. Murray, F. Kinnaird, W. Cui, J. Pascual, S. Rodney,

J. Mencel, O. Curtis, C. Stephenson, A. Robinson, B. Oza, S. Farag, I. Leslie,

A. Rogiers, S. Iyengar, M. Ethell, C. Messiou, D. Cunningham, I. Chau, N. Starling,
N. Turner, L. Welsh, N. van As, R.L. Jones, J. Droney, S. Banerjee, K.C. Tatham,
M. O’Brien, K. Harrington, S. Bhide, A. Okines, A. Reid, K. Young, A.J.S. Furness,
L. Pickering, C. Swanton, S. Gandhi, S. Gamblin, D.L.V. Bauer, G. Kassiotis,

S. Kumar, N. Yousaf, S. Jhanji, E. Nicholson, M. Howell, S. Walker, R.

J. Wilkinson, J. Larkin, S. Turajlic, Adaptive immunity and neutralizing
antibodies against SARS-CoV-2 variants of concern following vaccination in
patients with cancer: the CAPTURE study, Nature Cancer. 2 (12) (2021)
1305-1320.

J.C. Figueiredo, N.M. Merin, O. Hamid, S.Y. Choi, T. Lemos, W. Cozen, et al.,
Longitudinal SARS-CoV-2 mRNA Vaccine-Induced Humoral Immune Responses in
Patients with Cancer, Cancer Res. 81 (24) (2021) 6273-6280.

F. Fiorino, A. Sicuranza, A. Ciabattini, A. Santoni, G. Pastore, M. Simoncelli,

J. Polvere, S. Galimberti, S. Auddino, C. Barate, F. Montagnani, V. Sammartano,
M. Bocchia, D. Medaglini, The Slower Antibody Response in Myelofibrosis
Patients after Two Doses of mRNA SARS-CoV-2 Vaccine Calls for a Third Dose,
Biomedicines 9 (10) (2021) 1480.

T.A. Fox, A.A. Kirkwood, L. Enfield, M. O’Reilly, S. Arulogun, S. D’Sa, J. O’Nions,
J. Kavi, E. Vitsaras, W. Townsend, S.O. Burns, S.H. Gohil, K. Cwynarski, K.

J. Thomson, M. Noursadeghi, R.S. Heyderman, T. Rampling, K.M. Ardeshna, L.
E. McCoy, E.C. Morris, Low seropositivity and suboptimal neutralisation rates in
patients fully vaccinated against COVID-19 with B-cell malignancies, Br. J.
Haematol. 195 (5) (2021) 706-709.

M. Gavriatopoulou, E. Terpos, E. Kastritis, A. Briasoulis, S. Gumeni, I. Ntanasis-
Stathopoulos, A.D. Sklirou, P. Malandrakis, E. Eleutherakis-Papaiakovou,

M. Migkou, I.P. Trougakos, M.A. Dimopoulos, Low neutralizing antibody
responses in WM, CLL and NHL patients after the first dose of the BNT162b2 and
AZD1222 vaccine, Clin. Exp. Med. 22 (2) (2022) 319-323.

M. Gavriatopoulou, E. Terpos, I. Ntanasis-Stathopoulos, A. Briasoulis, S. Gumeni,
P. Malandrakis, D. Fotiou, M. Migkou, F. Theodorakakou, E. Eleutherakis-
Papaiakovou, N. Kanellias, E. Kastritis, I.P. Trougakos, M.A. Dimopoulos, Poor
neutralizing antibody responses in 106 patients with WM after vaccination
against SARS-CoV-2: a prospective study, Blood Adv. 5 (21) (2021) 4398-4405.
S. Ghandili, M. Schonlein, M. Liitgehetmann, J. Schulze zur Wiesch, H. Becher,
C. Bokemeyer, M. Sinn, K.C. Weisel, L.B. Leypoldt, Post-Vaccination Anti-SARS-
CoV-2-Antibody Response in Patients with Multiple Myeloma Correlates with
Low CD19+ B-Lymphocyte Count and Anti-CD38 Treatment, Cancers. 13 (15)
(2021;13(15):3800.) 3800.

P. Ghione, J.J. Gu, K. Attwood, P. Torka, S. Goel, S. Sundaram, C. Mavis,

M. Johnson, R. Thomas, K. McWhite, A. Darrall, J. DeMarco, J. Kostrewa,

11

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

International Immunopharmacology 110 (2022) 109046

A. Mohr, L. Rivas, M. Neiders, L. Suresh, B.H. Segal, E.A. Griffiths, V. Ramsperger,
L. Shen, F.J. Hernandez-Ilizaliturri, Impaired humoral responses to COVID-19
vaccination in patients with lymphoma receiving B-cell-directed therapies, Blood
138 (9) (2021) 811-814.

L.M. Greenberger, L.A. Saltzman, J.W. Senefeld, P.W. Johnson, L.J. Degennaro, G.
L. Nichols, Antibody response to SARS-CoV-2 vaccines in patients with
hematologic malignancies, Cancer Cell 39 (8) (2021) 1031-1033.

P. Guglielmelli, A. Mazzoni, L. Maggi, S.T. Kiros, L. Zammarchi, S. Pilerci, et al.,
Impaired response to first SARS-CoV -2 dose vaccination in myeloproliferative
neoplasm patients receiving ruxolitinib, Am. J. Hematol. 96 (11) (2021).

R. Gurion, U. Rozovski, G. Itchaki, A. Gafter-Gvili, C. Leibovitch, P. Raanani,
H. Ben-Zvi, M. Szwarcwort, M. Taylor-Abigadol, E.J. Dann, N. Horesh, T. Inbar,
I. Tzoran, N. Lavi, R. Fineman, S. Ringelstein-Harlev, N.A. Horowitz, Humoral
serologic response to the BNT162b2 vaccine is abrogated in lymphoma patients
within the first 12 months following treatment with anti-CD20 antibodies,
Haematologica (2021).

P. Harrington, H. de Lavallade, K.J. Doores, A. O’Reilly, J. Seow, C. Graham,

T. Lechmere, D. Radia, R. Dillon, Y. Shanmugharaj, A. Espehana, C. Woodley,
J. Saunders, N. Curto-Garcia, J. O’Sullivan, K. Raj, S. Kordasti, M.H. Malim, C.
N. Harrison, D.P. McLornan, Single dose of BNT162b2 mRNA vaccine against
SARS-CoV-2 induces high frequency of neutralising antibody and polyfunctional
T-cell responses in patients with myeloproliferative neoplasms, Leukemia 35 (12)
(2021) 3573-3577.

P. Harrington, K.J. Doores, D. Radia, A. O’Reilly, H.P.J. Lam, J. Seow, C. Graham,
T. Lechmere, D. McLornan, R. Dillon, Y. Shanmugharaj, A. Espehana, C. Woodley,
J. Saunders, N. Curto-Garcia, J. O’Sullivan, K. Raj, S. Kordasti, M.H. Malim,

C. Harrison, H. Lavallade, Single dose of BNT162b2 mRNA vaccine against severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) induces neutralising
antibody and polyfunctional T-cell responses in patients with chronic myeloid
leukaemia, Br. J. Haematol. 194 (6) (2021) 999-1006.

Y. Herishanu, I. Avivi, A. Aharon, G. Shefer, S. Levi, Y. Bronstein, M. Morales,
T. Ziv, Y. Shorer Arbel, L. Scarfo, E. Joffe, C. Perry, P. Ghia, Efficacy of the
BNT162b2 mRNA COVID-19 vaccine in patients with chronic lymphocytic
leukemia, Blood 137 (23) (2021) 3165-3173.

K. Herzog Tzarfati, O. Gutwein, A. Apel, N. Rahimi-Levene, M. Sadovnik, L. Harel,
et al., BNT162b2 COVID-19 vaccine is significantly less effective in patients with
hematologic malignancies, Am. J. Hematol. 96 (10) (2021) 1195-1203.

E.M. Jurgens, T.J. Ketas, Z. Zhao, M. Satlin, C.B. Small, A. Sukhu, et al., Serologic
response to mRNA COVID -19 vaccination in lymphoma patients, Am. J. Hematol.
96 (11) (2021).

K.E. Kozak, L. Ouyang, A. Derkach, A. Sherman, S.J. McCall, C. Famulare,

J. Chervin, R.J. Daley, S. Morjaria, M.J. Mauro, R.K. Rampal, Serum antibody
response in patients with philadelphia-chromosome positive or negative
myeloproliferative neoplasms following vaccination with SARS-CoV-2 spike
protein messenger RNA (mRNA) vaccines, Leukemia 35 (12) (2021) 3578-3580.
A. Le Bourgeois, M. Coste-Burel, T. Guillaume, P. Peterlin, A. Garnier, M.C. Béné,
P. Chevallier, Safety and Antibody Response After 1 and 2 Doses of BNT162b2
mRNA Vaccine in Recipients of Allogeneic Hematopoietic Stem Cell Transplant,
JAMA Network Open 4 (9) (2021).

S.H. Lim, N. Campbell, M. Johnson, D. Joseph-Pietras, G.P. Collins,

A. O’Callaghan, C.P. Fox, M. Ahearne, P.W.M. Johnson, D. Goldblatt, A.J. Davies,
Antibody responses after SARS-CoV-2 vaccination in patients with lymphoma,
The Lancet Haematology 8 (8) (2021) e542-e544.

M. Lindemann, V. Klisanin, L. Thiimmler, N. Fisenkci, N. Tsachakis-Miick,

M. Ditschkowski, S. Schwarzkopf, H. Klump, H.C. Reinhardt, P.A. Horn,

M. Koldehoff, Humoral and Cellular Vaccination Responses against SARS-CoV-2
in Hematopoietic Stem Cell Transplant Recipients, Vaccines 9 (10) (2021) 1075.
Z. Lyski, M.S. Kim, D. Xthona Lee, H.-P. Raué, V. Raghunathan, J. Griffin, et al.,
Cellular and humoral Immune response to mRNA COVID-19 vaccination in
subjects with chronic lymphocytic leukemia, Blood Adv. (2021).

M.J. Mair, J.M. Berger, A.S. Berghoff, A.M. Starzer, G. Ortmayr, H.C. Puhr,

A. Steindl, T. Perkmann, H. Haslacher, R. Strassl, S. Tobudic, W.W. Lamm,

M. Raderer, M. Mitterer, T. Fuereder, D. Fong, M. Preusser, Humoral Immune
Response in Hematooncological Patients and Health Care Workers Who Received
SARS-CoV-2 Vaccinations, JAMA Oncol. 8 (1) (2022) 106.

M. Mairhofer, L. Kausche, S. Kaltenbrunner, R. Ghanem, M. Stegemann, K. Klein,
M. Pammer, 1. Rauscher, H.J.F. Salzer, S. Doppler, A. Habringer, C. Paar,

S. Kimeswenger, W. Hoetzenecker, B. Lamprecht, S. Lee, C.A. Schmitt, Humoral
and cellular immune responses in SARS-CoV-2 mRNA-vaccinated patients with
cancer, Cancer Cell 39 (9) (2021) 1171-1172.

F. Malard, B. Gaugler, J. Gozlan, L. Bouquet, D. Fofana, L. Siblany, D. Eshagh,
0. Adotevi, C. Laheurte, L. Ricard, R. Dulery, N. Stocker, Z. van de Wyngaert,
A. Genthon, A. Banet, M. Memoli, S. Ikhlef, S. Sestilli, A. Vekhof, E. Brissot,

Z. Marjanovic, Y. Chantran, N. Cuervo, E. Ballot, L. Morand-Joubert, M. Mohty,
Weak immunogenicity of SARS-CoV-2 vaccine in patients with hematologic
malignancies, Blood Cancer J. 11 (8) (2021).

V. Marasco, C. Carniti, A. Guidetti, L. Farina, M. Magni, R. Miceli, L. Calabretta,
P. Verderio, S. Ljevar, F. Serpenti, D. Morelli, G. Apolone, G. Ippolito, C. Agrati,
P. Corradini, T-cell immune response after mRNA SARS-CoV-2 vaccines is
frequently detected also in the absence of seroconversion in patients with
lymphoid malignancies, Br. J. Haematol. 196 (3) (2022) 548-558.

F. Marchesi, F. Pimpinelli, D. Giannarelli, L. Ronchetti, E. Papa, P. Falcucci,

M. Pontone, E.G. Di Domenico, S. di Martino, V. Laquintana, C. Mandoj, L. Conti,
I. Cordone, A. La Malfa, C. Viggiani, D. Renzi, F. Palombi, A. Romano, F. Pisani,
S. Gumenyuk, O. Di Bella, B. Vujovic, A. Morrone, G. Ciliberto, F. Ensoli,

A. Mengarelli, Impact of anti-CD20 monoclonal antibodies on serologic response


http://refhub.elsevier.com/S1567-5769(22)00530-6/h0320
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0320
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0325
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0325
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0325
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0325
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0330
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0330
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0330
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0330
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0330
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0335
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0335
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0335
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0335
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0340
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0340
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0340
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0340
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0340
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0345
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0345
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0345
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0345
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0345
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0350
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0350
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0350
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0355
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0355
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0355
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0355
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0355
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0360
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0360
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0360
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0360
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0365
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0365
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0365
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0365
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0365
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0365
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0365
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0365
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0365
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0365
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0365
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0365
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0365
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0365
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0365
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0365
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0365
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0365
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0370
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0370
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0370
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0375
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0375
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0375
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0375
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0375
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0380
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0380
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0380
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0380
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0380
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0380
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0385
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0385
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0385
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0385
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0385
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0390
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0390
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0390
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0390
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0390
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0395
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0395
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0395
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0395
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0395
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0400
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0400
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0400
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0400
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0400
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0400
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0405
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0405
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0405
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0410
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0410
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0410
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0415
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0415
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0415
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0415
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0415
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0415
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0420
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0420
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0420
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0420
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0420
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0420
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0420
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0425
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0425
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0425
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0425
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0425
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0425
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0425
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0430
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0430
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0430
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0430
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0435
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0435
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0435
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0440
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0440
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0440
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0445
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0445
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0445
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0445
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0445
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0450
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0450
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0450
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0450
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0455
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0455
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0455
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0455
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0460
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0460
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0460
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0460
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0465
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0465
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0465
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0470
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0470
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0470
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0470
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0470
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0475
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0475
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0475
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0475
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0475
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0480
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0480
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0480
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0480
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0480
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0480
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0485
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0485
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0485
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0485
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0485
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0490
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0490
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0490
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0490
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0490

M. Noori et al.

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

to BNT162b2 vaccine in B-cell Non-Hodgkin’s lymphomas, Leukemia 36 (2)
(2022) 588-590.

D.R. McKenzie, M. Munoz-Ruiz, L. Monin, T. Alaguthurai, T. Lechmere, S. Abdul-
Jawad, C. Graham, E. Pollock, R. Graham, K. Sychowska, J. Seow, C. Tremain,
C. Gousis, C. Domingo-Vila, J. Cooper, J. Vidler, K. Owczarczyk, A. Swampillai,
H. Kristeleit, M.H. Malim, P. Fields, P.E.M. Patten, S. Papa, B.V. North, T. Tree, K.
J. Doores, A.C. Hayday, S. Irshad, Humoral and cellular immunity to delayed
second dose of SARS-CoV-2 BNT162b2 mRNA vaccination in patients with
cancer, Cancer Cell 39 (11) (2021) 1445-1447.

L. Monin, A.G. Laing, M. Munoz-Ruiz, D.R. McKenzie, I. del Molino del Barrio,
T. Alaguthurai, C. Domingo-Vila, T.S. Hayday, C. Graham, J. Seow, S. Abdul-
Jawad, S. Kamdar, E. Harvey-Jones, R. Graham, J. Cooper, M. Khan, J. Vidler,
H. Kakkassery, S. Sinha, R. Davis, L. Dupont, I. Francos Quijorna, C. O’Brien-Gore,
P.L. Lee, J. Eum, M. Conde Poole, M. Joseph, D. Davies, Y. Wu, A. Swampillai, B.
V. North, A. Montes, M. Harries, A. Rigg, J. Spicer, M.H. Malim, P. Fields,

P. Patten, F. Di Rosa, S. Papa, T. Tree, K.J. Doores, A.C. Hayday, S. Irshad, Safety
and immunogenicity of one versus two doses of the COVID-19 vaccine BNT162b2
for patients with cancer: interim analysis of a prospective observational study,
Lancet Oncol. 22 (6) (2021) 765-778.

T.A. Ollila, S. Lu, R. Masel, A. Zayac, K. Paiva, R.D. Rogers, A.J. Olszewski,
Antibody Response to COVID-19 Vaccination in Adults With Hematologic
Malignant Disease, JAMA Oncol. 7 (11) (2021) 1714.

H. Parry, G. Mcllroy, R. Bruton, M. Ali, C. Stephens, S. Damery, A. Otter,

T. McSkeane, H. Rolfe, S. Faustini, N. Wall, P. Hillmen, G. Pratt, S. Paneesha,

J. Zuo, A. Richter, P. Moss, Antibody responses after first and second Covid-19
vaccination in patients with chronic lymphocytic leukaemia, Blood Cancer J. 11
(7) (2021).

M. Peeters, L. Verbruggen, L. Teuwen, G. Vanhoutte, S. Vande Kerckhove,

B. Peeters, S. Raats, I. Van der Massen, S. De Keersmaecker, Y. Debie, M. Huizing,
P. Pannus, K. Neven, K.K. Arién, G.A. Martens, M. Van Den Bulcke, E. Roelant,
1. Desombere, S. Anguille, M. Goossens, T. Vandamme, P. van Dam, Reduced
humoral immune response after BNT162b2 coronavirus disease 2019 messenger
RNA vaccination in cancer patients under antineoplastic treatment, ESMO Open.
6 (5) (2021) 100274.

C. Perry, E. Luttwak, R. Balaban, G. Shefer, M.M. Morales, A. Aharon, Y. Tabib, Y.
C. Cohen, N. Benyamini, O. Beyar-Katz, M. Neaman, R. Vitkon, N. Keren-Khadmy,
M. Levin, Y. Herishanu, I. Avivi, Efficacy of the BNT162b2 mRNA COVID-19
vaccine in patients with B-cell non-Hodgkin lymphoma, Blood Adv. 5 (16) (2021)
3053-3061.

F. Pimpinelli, F. Marchesi, G. Piaggio, D. Giannarelli, E. Papa, P. Falcucci,

M. Pontone, S. Di Martino, V. Laquintana, A. La Malfa, E.G. Di Domenico, O. Di
Bella, G. Falzone, F. Ensoli, B. Vujovic, A. Morrone, G. Ciliberto, A. Mengarelli,
Fifth-week immunogenicity and safety of anti-SARS-CoV-2 BNT162b2 vaccine in
patients with multiple myeloma and myeloproliferative malignancies on active
treatment: preliminary data from a single institution, J. Hematol. & Oncol. 14 (1)
(2021).

F. Pimpinelli, F. Marchesi, G. Piaggio, D. Giannarelli, E. Papa, P. Falcucci,

A. Spadea, M. Pontone, S. Di Martino, V. Laquintana, A. La Malfa, E.G. Di
Domenico, O. Di Bella, G. Falzone, F. Ensoli, B. Vujovic, A. Morrone, G. Ciliberto,
A. Mengarelli, Lower response to BNT162b2 vaccine in patients with
myelofibrosis compared to polycythemia vera and essential thrombocythemia,
J. Hematol. & Oncol. 14 (1) (2021).

J.L. Pinana, L. Lopez-Corral, R. Martino, J. Montoro, L. Vazquez, A. Pérez, et al.,
SARS-CoV -2-reactive antibody detection after SARS-CoV -2 vaccination in
hematopoietic stem cell transplant recipients: Prospective survey from the
Spanish Hematopoietic Stem Cell Transplantation and Cell Therapy Group, Am. J.
Hematol. 97 (1) (2022) 30-42.

G. Rahav, Y. Lustig, J. Lavee, Ohad Benjamini, H. Magen, T. Hod, Noga Shem-
Tov, E.S. Shmueli, Drorit Merkel, Z. Ben-Ari, R. Halperin, V. Indenbaum,

L. Olmer, A. Huppert, E. Mor, G. Regev-Yochay, C. Cohen, A. Finesod, I. Levy,
BNT162b2 mRNA COVID-19 vaccination in immunocompromised patients: A
prospective cohort study, EClinicalMedicine 41 (2021).

R. Ram, D. Hagin, N. Kikozashvilli, T. Freund, O. Amit, Y. Bar-On, O. Beyar-Katz,
G. Shefer, M.M. Moshiashvili, C. Karni, R. Gold, S. Kay, C. Glait-Santar, R. Eshel,
C. Perry, I. Avivi, A. Apel, N. Benyamini, D. Shasha, R. Ben-Ami, Safety and
Immunogenicity of the BNT162b2 mRNA COVID-19 Vaccine in Patients after
Allogeneic HCT or CD19-based CART therapy-A Single-Center Prospective Cohort
Study, Transplant Cell Ther. 27 (9) (2021) 788-794.

K. Ramasamy, R. Sadler, S. Jeans, S. Varghese, A. Turner, J. Larham, et al., COVID
symptoms, testing, shielding impact on patient-reported outcomes and early
vaccine responses in individuals with multiple myeloma, Br. J. Haematol. (2021).
D. Re, J. Barriere, E. Chamorey, M. Delforge, L. Gastaud, E. Petit, A. Chaminade,
B. Verriere, F. Peyrade, Low rate of seroconversion after mRNA anti-SARS-CoV-2
vaccination in patients with hematological malignancies, Leukemia & Lymphoma
62 (13) (2021) 3308-3310.

R. Redjoul, A. Le Bouter, F. Beckerich, S. Fourati, S. Maury, Antibody response
after second BNT162b2 dose in allogeneic HSCT recipients, The Lancet 398
(10297) (2021) 298-299.

L.E. Roeker, D.A. Knorr, M.C. Thompson, M. Nivar, S. Lebowitz, N. Peters,

I. Deonarine, S. Momotaj, S. Sharan, V. Chanlatte, B. Hampton, L. Butala,

L. Amato, A. Richford, J. Lunkenheimer, K. Battiato, C. Laudati, A.R. Mato,
COVID-19 vaccine efficacy in patients with chronic lymphocytic leukemia,
Leukemia 35 (9) (2021) 2703-2705.

M. Salvini, F. Maggi, C. Damonte, L. Mortara, A. Bruno, B. Mora, M. Brociner,
R. Mattarucchi, A. Ingrassia, D. Sirocchi, B. Bianchi, S. Agnoli, M. Gallazzi,

M. Merli, A. Ferrario, R. Bombelli, D. Barraco, A. Baj, L. Bertl, P.A. Grossi,

12

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

International Immunopharmacology 110 (2022) 109046

F. Passamonti, Immunogenicity of anti-SARS-CoV-2 Comirnaty vaccine in patients
with lymphomas and myeloma who underwent autologous stem cell
transplantation, Bone Marrow Transplant 57 (1) (2022) 137-139.

N. Schiller Salton, M. Szwarcwort, I. Tzoran, N.A. Horowitz, T. Zuckerman,

N. Horesh, et al., Attenuated humoral immune response following anti-SARS-CoV-
2 vaccine in heavily pretreated patients with multiple myeloma and AL
amyloidosis, Am. J. Hematol. 96 (12) (2021) E475-E478.

N. Shem-Tov, R. Yerushalmi, I. Danylesko, V. Litachevsky, I. Levy, L. Olmer,

Y. Lusitg, A. Avigdor, A. Nagler, A. Shimoni, G. Rahav, Immunogenicity and
safety of the BNT162b2 mRNA COVID-19 vaccine in haematopoietic stem cell
transplantation recipients, Br. J. Haematol. 196 (4) (2022) 884-891.

Y. Shen, J.A. Freeman, J. Holland, A. Solterbeck, K. Naidu, A. Soosapilla, et al.,
COVID-19 Vaccine Failure in Chronic Lymphocytic Leukaemia and Monoclonal B-
Lymphocytosis; Humoral and Cellular Immunity, Br. J. Haematol. (2021).

A.C. Sherman, M. Desjardins, C.-A. Cheng, B. Bausk, N. Izaguirre, G. Zhou,

J. Krauss, N. Tolan, D.R. Walt, R. Soiffer, V.T. Ho, N.C. Issa, L.R. Baden, Severe
Acute Respiratory Syndrome Coronavirus 2 Messenger RNA Vaccines in
Allogeneic Hematopoietic Stem Cell Transplant Recipients: Immunogenicity and
Reactogenicity, Clin. Infect. Dis. (2021).

J. Singer, N.-S. Le, D. Mattes, V. Klamminger, K. Hackner, N. Kolinsky, M. Scherb,
P. Errhalt, G. Kreye, M. Pecherstorfer, S. Vallet, K. Podar, Evaluation of Antibody
Responses to COVID-19 Vaccines among Solid Tumor and Hematologic Patients,
Cancers 13 (17) (2021) 4312.

S.D. Stampfer, M.-S. Goldwater, S. Jew, S. Bujarski, B. Regidor, D. Daniely,

H. Chen, N. Xu, M. Li, T. Green, E. Fung, E. Aquino, R. Swift, S. Eshaghian,

K. Preugschat, A.J. Feinstein, T.M. Spektor, J.R. Berenson, Response to mRNA
vaccination for COVID-19 among patients with multiple myeloma, Leukemia 35
(12) (2021) 3534-3541.

T. Tadmor, O. Benjamini, A. Braester, G. Rahav, L. Rokach, Antibody persistence
100 days following the second dose of BNT162b mRNA Covid19 vaccine in
patients with chronic lymphocytic leukemia, Leukemia 35 (9) (2021) 2727-2730.
R. Tamari, I. Politikos, D.A. Knorr, S.A. Vardhana, J.C. Young, L.T. Marcello, et
al., Predictors of Humoral Response to SARS-CoV-2 Vaccination after
Hematopoietic Cell Transplantation and CAR T-cell Therapy, Blood Cancer
Discovery 2 (6) (2021) 577-585.

E. Terpos, M. Gavriatopoulou, D. Fotiou, C. Giatra, I. Asimakopoulos, M. Dimou,
A.D. Sklirou, I. Ntanasis-Stathopoulos, I. Darmani, A. Briasoulis, E. Kastritis,

M. Angelopoulou, I. Baltadakis, P. Panayiotidis, I.P. Trougakos, T.

P. Vassilakopoulos, M. Pagoni, M.A. Dimopoulos, Poor Neutralizing Antibody
Responses in 132 Patients with CLL, NHL and HL after Vaccination against SARS-
CoV-2: A Prospective Study, Cancers 13 (17) (2021) 4480.

E. Terpos, M. Gavriatopoulou, I. Ntanasis-Stathopoulos, A. Briasoulis, S. Gumeni,
P. Malandrakis, D. Fotiou, E.-D. Papanagnou, M. Migkou, F. Theodorakakou,

M. Roussou, E. Eleutherakis-Papaiakovou, N. Kanellias, I.P. Trougakos,

E. Kastritis, M.A. Dimopoulos, The neutralizing antibody response post COVID-19
vaccination in patients with myeloma is highly dependent on the type of anti-
myeloma treatment, Blood Cancer J. 11 (8) (2021).

E. Terpos, I.P. Trougakos, M. Gavriatopoulou, I. Papassotiriou, A.D. Sklirou,

1. Ntanasis-Stathopoulos, E.-D. Papanagnou, D. Fotiou, E. Kastritis, M.

A. Dimopoulos, Low neutralizing antibody responses against SARS-CoV-2 in older
patients with myeloma after the first BNT162b2 vaccine dose, Blood 137 (26)
(2021) 3674-3676.

A. Thakkar, J.D. Gonzalez-Lugo, N. Goradia, R. Gali, L.C. Shapiro, K. Pradhan,
S. Rahman, S.Y. Kim, B. Ko, R.A. Sica, N. Kornblum, L. Bachier-Rodriguez,

M. McCort, S. Goel, R. Perez-Soler, S. Packer, J. Sparano, B. Gartrell, D. Makower,
Y.D. Goldstein, L. Wolgast, A. Verma, B. Halmos, Seroconversion rates following
COVID-19 vaccination among patients with cancer, Cancer Cell 39 (8) (2021)
1081-1090.e2.

0. Van Oekelen, C.R. Gleason, S. Agte, K. Srivastava, K.F. Beach, A. Aleman,

K. Kappes, T.H. Mouhieddine, B.o. Wang, A. Chari, C. Cordon-Cardo, F. Krammer,
S. Jagannath, V. Simon, A. Wajnberg, S. Parekh, R. Banu, M.C. Bermidez-
Gonzélez, R.L. Chernet, E.D. Ferreri, D.L. Floda, A. Firpo-Betancourt, G. Kleiner,
K.T. Russo, A.-B. Salimbangon, M.S. Saksena, A.A. Shin, J. Matthews, W. Mendez,
L. Sominsky, L.C.F. Mulder, R. Mendu, Highly variable SARS-CoV-2 spike
antibody responses to two doses of COVID-19 RNA vaccination in patients with
multiple myeloma, Cancer Cell 39 (8) (2021) 1028-1030.

M. Yeshurun, O. Pasvolsky, L. Shargian, D. Yahav, H. Ben-Zvi, M. Rubinstein, et
al., Humoral serological response to the BNT162b2 vaccine after allogeneic
haematopoietic cell transplantation, Clin. Microbiol. Infect. (2021).

C. Zeng, J.P. Evans, S. Reisinger, J. Woyach, C. Liscynesky, Z.E. Boghdadly, M.
P. Rubinstein, K. Chakravarthy, L. Saif, E.M. Oltz, R.J. Gumina, P.G. Shields, Z. Li,
S.-L. Liu, Impaired neutralizing antibody response to COVID-19 mRNA vaccines in
cancer patients, Cell & Biosci. 11 (1) (2021).

G. Haidar, M. Agha, A. Lukanski, K. Linstrum, R. Troyan, A. Bilderback, et al.,
Immunogenicity of COVID-19 Vaccination in Immunocompromised Patients: An
Observational, Prospective Cohort Study Interim Analysis, medRxiv, 2021:
2021.06.28.21259576.

P. Kearns, S. Siebert, C. Gaskell, A. Kirkham, S. Pirrie, S. Bowden, et al. Examining
the immunological effects of COVID-19 vaccination in patients with conditions
potentially leading to diminished immune response capacity-the OCTAVE trial,
2021.

L.C. Shapiro, A. Thakkar, R. Gali, J.D. Gonzalez-Lugo, A.-H. Bazarbachi, S.
Rahman, et al., High Seroconversion Rates Amongst Black and Hispanics With
Hematologic Malignancies after SARS-CoV-2 Vaccination, medRxiv, 2021:
2021.09.13.21263365.


http://refhub.elsevier.com/S1567-5769(22)00530-6/h0490
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0490
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0495
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0495
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0495
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0495
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0495
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0495
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0495
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0500
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0500
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0500
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0500
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0500
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0500
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0500
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0500
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0500
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0500
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0505
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0505
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0505
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0510
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0510
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0510
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0510
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0510
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0515
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0515
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0515
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0515
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0515
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0515
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0515
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0520
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0520
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0520
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0520
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0520
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0525
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0525
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0525
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0525
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0525
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0525
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0525
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0530
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0530
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0530
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0530
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0530
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0530
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0535
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0535
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0535
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0535
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0535
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0540
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0540
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0540
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0540
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0540
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0545
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0545
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0545
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0545
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0545
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0545
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0550
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0550
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0550
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0555
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0555
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0555
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0555
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0560
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0560
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0560
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0565
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0565
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0565
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0565
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0565
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0570
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0570
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0570
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0570
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0570
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0570
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0575
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0575
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0575
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0575
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0580
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0580
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0580
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0580
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0585
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0585
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0585
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0590
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0590
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0590
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0590
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0590
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0595
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0595
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0595
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0595
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0600
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0600
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0600
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0600
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0600
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0605
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0605
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0605
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0610
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0610
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0610
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0610
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0615
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0615
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0615
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0615
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0615
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0615
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0620
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0620
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0620
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0620
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0620
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0620
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0625
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0625
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0625
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0625
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0625
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0630
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0630
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0630
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0630
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0630
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0630
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0635
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0635
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0635
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0635
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0635
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0635
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0635
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0635
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0640
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0640
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0640
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0645
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0645
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0645
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0645

M. Noori et al.

[133]

[134]

[135]

[136]

[137]
[138]
[139]

[140]

J.S.K. Teh, J. Coussement, Z.C.F. Neoh, T. Spelman, S. Lazarakis, M.A. Slavin, et
al., Immunogenicity of COVID-19 vaccines in patients with hematological
malignancy: a systematic review and meta-analysis, Blood Adv. (2021)
bloodadvances.2021006333.

D.C. Guven, T.K. Sahin, S. Kilickap, F.M. Uckun, Antibody Responses to COVID-19
Vaccination in Cancer: A Systematic Review, Front Oncol. 11 (2021).

L. Pagano, J. Salmanton-Garcia, F. Marchesi, A. Lopez-Garcia, S. Lamure, F. Itri, et
al., COVID-19 in vaccinated adult patients with hematological malignancies.
Preliminary results from EPICOVIDEHA, Blood (2021) blood.2021014124.

S. Molica, D. Giannarelli, E. Montserrat, mRNA COVID-19 vaccines in patients
with chronic lymphocytic leukemia: A systematic review and meta-analysis, Eur.
J. Haematol. 108 (3) (2022) 264-267.

M. Morawska, Reasons and consequences of COVID-19 vaccine failure in patients
with chronic lymphocytic leukemia, Eur. J. Haematol. 108 (2) (2022) 91-98.
E.W. St.Clair, Good and bad memories following rituximab therapy, Arthritis
Rheum. 62 (1) (2010) 1-5.

N.A.M. Hamed, New COVID Vaccines and Hematological Cancers, Canc Therapy
& Oncol. Int. J. 2021;19(1).

E.A. Pangarsa, B. Setiawan, S. Santosa, R.M. Naibaho, D. Rizky, S. Suyono, et al.,
COVID-19 vaccination in patients with cancer: Position paper from the
Indonesian Society of Hematology and Medical Oncology (ISHMO) of Semarang,
Bali Med. J. 10 (1) (2021) 2021. Available online : 1 April 2021.

13

[141]

[142]

[143]

[144]

[145]

[146]

International Immunopharmacology 110 (2022) 109046

M. Negahdaripour, M. Shafiekhani, S.M.I. Moezzi, S. Amiri, S. Rasekh, A. Bagheri,
P. Mosaddeghi, A. Vazin, Administration of COVID-19 vaccines in
immunocompromised patients, Int. Inmunopharmacol. 99 (2021).

S.H. Lim, M. Ahearne, Impaired immune responses in blood cancers improved by
third COVID-19 vaccine dose, NATURE PORTFOLIO HEIDELBERGER PLATZ 3,
BERLIN, 14197, GERMANY; 2022.

0. Susol, B. Hajkov4, H. Zelena, R. Hajek, Third dose of COVID-19 vaccine
restores immune response in patients with haematological malignancies after loss
of protective antibody titres, Br. J. Haematol. 197 (3) (2022) 302-305.

M.J. Mair, J.M. Berger, M. Mitterer, M. Gansterer, A.C. Bathke, W. Trutschnig, A.
S. Berghoff, T. Perkmann, H. Haslacher, W.W. Lamm, M. Raderer, S. Tobudic,
T. Fuereder, T. Buratti, D. Fong, M. Preusser, Third dose of SARS-CoV-2
vaccination in hemato-oncological patients and health care workers: immune
responses and adverse events-a retrospective cohort study, Eur. J. Cancer 165
(2022) 184-194.

N. Gagelmann, F. Passamonti, C. Wolschke, R. Massoud, C. Niederwieser,

R. Adjallé, B. Mora, F. Ayuk, N. Kroger, Antibody response after vaccination
against SARS-CoV-2 in adults with haematological malignancies: a systematic
review and meta-analysis, Haematologica (2020).

E. Fraley, C. LeMaster, E. Geanes, D. Banerjee, S. Khanal, E. Grundberg,

R. Selvarangan, T. Bradley, Humoral immune responses during SARS-CoV-2
mRNA vaccine administration in seropositive and seronegative individuals, BMC
Med. 19 (1) (2021).


http://refhub.elsevier.com/S1567-5769(22)00530-6/h0665
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0665
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0665
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0665
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0670
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0670
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0675
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0675
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0675
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0680
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0680
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0680
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0685
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0685
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0690
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0690
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0700
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0700
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0700
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0700
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0705
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0705
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0705
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0715
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0715
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0715
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0720
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0720
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0720
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0720
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0720
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0720
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0725
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0725
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0725
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0725
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0730
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0730
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0730
http://refhub.elsevier.com/S1567-5769(22)00530-6/h0730

	A systematic review and meta-analysis of immune response against first and second doses of SARS-CoV-2 vaccines in adult pat ...
	1 Introduction
	2 Method
	2.1 Data sources and searches
	2.2 Study selection
	2.3 Eligibility criteria
	2.4 Data extraction
	2.5 Outcome measures
	2.6 Risk of bias assessment
	2.7 Statistical analysis

	3 Results
	3.1 Study selection
	3.2 Quality assessment
	3.3 Study characteristics
	3.4 Immunogenicity of COVID-19 vaccines stratified by the type of hematological malignancy
	3.5 Immunogenicity of COVID-19 vaccines stratified by the type of therapies
	3.6 Immunogenicity of COVID-19 vaccines stratified by disease status and type of vaccine

	4 Discussion
	5 Conclusions
	Declaration of Competing Interest
	Acknowledgments
	Appendix A Supplementary material
	References


