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Abstract

Purpose: Patients with cancer have an increased risk of coronavirus disease 2019 (COVID-19) and an attenuated
responses to various vaccines. This meta-analysis aims to assess the serologic response to COVID-19 vaccination in
patients with cancer.

Methods: Electronic databases were systematically searched on August 1, 2021 for studies that reported the sero-
logic response to COVID-19 vaccine in cancer patients. Random effects models were used to achieve pooled serologic
response rates and odds ratios (ORs).

Results: We analyzed 16 observational studies with a total of 1453 patients with cancer. A majority of studies used
mMRNA vaccines (BNT162b2 or mRNA-1273). The proportion of patients achieving a serologic response after a single
and two doses of COVID-19 vaccine were 54.2% (95% confidence interval [Cl] 41.0-66.9) and 87.7% (95% Cl 82.5-91.5),
respectively. Patients with hematologic cancers had a lower response rate after the second dose of vaccine compared
to those with solid organ cancers (63.7% vs. 94.9%), which was attributable to the low response rates associated with

certain conditions (chronic lymphocytic leukemia, lymphoma) and therapies (anti-CD20, kinase inhibitors). A lower
proportion of patients with cancer achieved a serologic response compared to control patients after one and two
doses of vaccine (OR0.073 [95% Cl 0.026-0.20] and 0.10 [95% Cl 0.039-0.26], respectively).

Conclusions: Patients with cancer, especially those with hematologic B-cell malignancies, have a lower serologic
response to COVID-19 vaccines. The results suggest that cancer patients should continue to follow safety measures
including mask-wearing after vaccination and suggest the need for additional strategies for prophylaxis.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic
caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) persists and the world is seeing
another year of a global health emergency [1]. Extensive
research over the past year has demonstrated that elderly
patients as well as those with pre-existing conditions
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such as obesity, diabetes, and cancer are more susceptible
to getting infected with SARS-CoV-2 and developing life
threatening pneumonia [2—4]. Approximately 9.5% of the
adult population in the USA have or have had a diagnosis
of cancer of any type and 1 in 3 adults will be diagnosed
with cancer at some point during their lifetimes [5, 6].
Protecting the health and safety of patients with cancer is
vital and considered a major priority during the COVID-
19 pandemic [7].

Mehta et al. reported that increased age, comorbidities,
and poor performance status were associated with poor
outcome to COVID-19 in patients with cancer [4]. Case

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0003-2519-6129
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13045-022-01233-3&domain=pdf

Sakuraba et al. Journal of Hematology & Oncology (2022) 15:15

fatality rates (CFR) were greater in patients with hemato-
logic cancers compared to those with solid cancers (37%
vs. 25%) [4]. These data suggest the need for prophylactic
strategies in cancer patients, who are often immunosup-
pressed due to their underlying disease state and use of
chemotherapy, radiation therapy, bone marrow or stem
cell transplant, and/or immunotherapy. With the lack of
effective treatments for COVID-19, prevention strate-
gies including vaccination are of paramount importance
in reducing the risk and mortality [8]. Vaccines against
COVID-19 were rapidly developed and emerging data
shows that mRNA-based COVID-19 vaccines are effec-
tive and safe in the general population. However, the
efficacy of COVID-19 vaccines in patients with cancer is
unknown as patients with active cancer or those treated
with immunosuppressing therapies were excluded from
regulatory vaccine trials [9]. Guidelines currently rec-
ommend that patients with cancer should be vaccinated
against SARS-CoV-2 as long as any components of the
vaccine are not contraindicated [10]. Data from other
vaccine-preventable illnesses suggest an attenuated
humoral response to vaccines in patients with solid can-
cer undergoing cytotoxic chemotherapy [11, 12]. Recent
studies have reported that patients with hematologic
malignancies, especially those receiving anti-CD20 thera-
pies or those with a history of stem cell transplantation
had attenuated immunogenicity to BNT162b2 or mRNA-
1273 SARS-CoV-2 vaccines compared to those with solid
tumors [13, 14]. Additional studies investigating the
effectiveness of COVID-19 vaccines in cancer patients
are limited and mostly are of small sample sizes.

Better understanding of the overall effectiveness of
COVID-19 vaccines in patients with cancer would
improve clinical care and protect these vulnerable patient
population. In this systematic review and meta-analysis,
our aim was to integrate findings across studies to deter-
mine the serologic response rate to COVID-19 vaccina-
tion in patients with cancer.

Methods
Search strategy and study selection
This meta-analysis was conducted according to a priori
defined protocol that is in accordance with the PRISMA
guideline [15]. The protocol of this meta-analysis has
been submitted to the International Prospective Register
of Systematic Reviews (PROSPERO) [16]. We searched
PubMed/MEDLINE, EMBASE, and medRxiv (https://
www.medrxiv.org/) from inception to August 1, 2021 to
identify studies assessing the response to COVID-19 vac-
cination in patients with cancer.

We included observational studies reporting the out-
comes of COVID-19 vaccination in patients with cancer.
There were no restrictions regarding age, sex or duration

Page 2 of 22

of the study. Studies reporting outcomes in patients with
active or history of cancer were eligible. We imposed no
geographic or language restrictions. Two authors (AL,
AS) independently screened each of the potential stud-
ies to determine whether they were eligible for inclusion.
Areas of disagreement or uncertainty were resolved by
consensus among the authors. Studies were identified
with the following terms:"COVID-19”, “SARS-CoV-2",
“vaccine’; “cancer’, “malignancy’, “leukemia’; “lymphoma’,
“immunosuppressed’, and “hematologic diseases” A
search was also performed of bibliographies of identi-
fied articles for additional references. The search was
restricted to human studies. Manuscripts published in
languages other than English were translated if necessary.
Single case reports were excluded. Studies that reported
only adverse outcomes to COVID-19 vaccination were
excluded. The corresponding authors of studies were
contacted to obtain additional information when needed.
The search strategy is described in Fig. 1 and the Pub-
med/MEDLINE, EMBASE, and medRxiv search strate-
gies are shown in Additional file 1: Table S1.

Data extraction and quality assessment

All data were independently abstracted in duplicate by
two authors (AL, AS) by using a data extraction form.
Data on the study characteristics including author
name, year of publication, study design, duration, study
location, sample size, diagnosis of cancer, concomitant
medication use, age and gender of patients, type and fre-
quency of vaccination, and type and outcome of serologic
testing were collected. We divided diseases into the fol-
lowing two categories: (1) solid tumors, and (2) hema-
tologic malignancies. Proportion of patients undergoing
active cancer therapies and using glucocorticoids (GCs)
were extracted when data was available.

We assessed the risk of bias of included studies using
the Joanna Briggs Institute Critical Appraisal Checklist
[17]. We rated the quality of evidence according to the
Grades of Recommendation, Assessment, Development
and Evaluation (GRADE) approach to assess the certainty
of evidence obtained from the present meta-analysis [18].

Outcome assessment

The primary outcome was the rate of serologic response
to COVID-19 vaccination in cancer patients. Response
was separately assessed after one or two vaccinations. The
secondary outcome of interest was the rate of serologic
response in cancer patients compared to control patients.
We extracted the number of patients who achieved an
above cut-off antibody level among the total number of
patients tested in each study. Applying a common cut-
off value between studies was not possible because each
study used a different serologic testing method. When
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1929 articles identified through
database searching:
PubMed/MEDLINE (602)
EMBASE (676)
medRxiv (651)

1863 articles excluded after initial
review

66 articles assessed for eligibility

16 articles were included for
analysis of the rate of serologic
response to COVID-19 vaccines

50 articles were excluded:

40 articles: no available or usable data
regarding the outcomes of COVID-19
vaccine

4 articles: data not related to cancer

6 articles: data duplicated with another
study

Fig. 1 Flowchart of the assessment of the studies identified in the meta-analysis

tests were performed at multiple time points in a study,
we chose the date closest to 4 weeks after the vaccination.

Subgroup analyses or meta-regression according to
cancer type (hematological vs solid cancer), proportion
of patients on anti-cancer medication/treatment, and age
of subjects were undertaken when data were available.
Anti-cancer medications/treatments included chemo-
therapy, monoclonal antibodies, immune check-point
inhibitors, radiotherapy, hormonal therapy, etc. and were
assessed separately.

Statistical analysis

We undertook a meta-analysis of the rate of serologic
response to COVID-19 vaccination among individuals
with cancers from observational studies by using a ran-
dom effects model. The presence of heterogeneity across
studies was assessed by using the I* statistic. An I* value
of <25% indicates low heterogeneity, 25-75% as moder-
ate heterogeneity and >75% as considerable heterogene-
ity [19]. Heterogeneity was evaluated by using Cochran’s
Q-statistics with a significance level of P<0.10 [20].
Begg’s and Egger’s tests were performed to assess publi-
cation bias and funnel plots were constructed to visual-
ize asymmetry when > 3 studies were available [21, 22]. A
random effects meta-regression model was used to assess

the contributions of each potential risk factors and medi-
cation class to the outcome of vaccine response. When
the number of available studies for each analysis was less
than 10, funnel plot construction and meta-regression
analysis were undertaken for reference purpose due to its
low reliability.

We included preprints because they form a substantial
part of the available COVID-19 evidence, but due to their
lack of peer-review, we conducted a sensitivity analy-
sis by excluding preprints [23]. Four studies included
non-mRNA type vaccines, so we conducted a sensitiv-
ity analysis by excluding them. We also performed one
study removed analyses to assess whether the results are
strongly influenced by any single study.

Statistical analyses were performed using the Com-
prehensive Meta Analysis Software (version 3; Bio-
stat, Englewood, NJ, USA). All statistical tests except
for the Q-statistics used a two-sided P value of 0.05 for
significance.

Data sharing and access

Data will be made available upon request to the corre-
sponding author. All authors had access to the study data
and reviewed and approved the final manuscript.
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Results

Study characteristics

We identified 1929 citations through the literature search,
excluded 1863 after initial title and abstract screening,
and assessed 66 studies for eligibility. Sixteen articles
including 1453 patients met eligibility criteria (Fig. 1).
As shown in Table 1, seven were full-text articles [13, 14,
24-28], seven were correspondence/letters [24, 29-34],
and two were articles in a preprint [35, 36]. Four stud-
ies included only patients with solid organ cancers, nine
included only hematologic cancers, and three studies
included patients with both solid and hematologic can-
cers. The three studies that included both types of can-
cers reported seroconversion rates separately among the
types of cancers, so we reported them separately. Eight
studies used only BNT162b2 (Pfizer-BioNTech), four
studies used BNT162b2 and mRNA-1273 (Moderna),
two studies used ChAdOx1 nCoV-19 (Oxford-AstraZen-
eca) and BNT162b2, one study used ChAdOx1 nCoV-19,
mRNA-1273, and BNT162b2, and one study used AD26.
COV2.S (Janssen/Johnson & Johnson), mRNA-1273, and
BNT162b2. The majority of the studies that used non-
mRNA type vaccines did not report outcomes separately,
so we reported them together with the mRNA vaccina-
tion strategies.

For the analyses on the rate of serologic response to
COVID-19 vaccination, nine and eleven studies were
available for assessment after one and two doses, respec-
tively. Six and eight studies compared outcomes after one
or two doses of COVID-19 vaccine to a control popula-
tion without cancers. A majority of the studies assessed
serologic response 3—5 weeks post-vaccination. All stud-
ies included for the assessment of response after two
doses did not delay the timing of the second dose. The
summary of characteristics and outcomes of the included
studies are summarized in Table 1. The risk of bias of
included studies assessed using the Joanna Briggs Insti-
tute Critical Appraisal Checklist is shown in Additional
file 1: Table S2. A majority of the studies were of medium
to high quality.

Rate of serologic response after a single dose of COVID-19
vaccine

There were nine studies (11 reports) that assessed
the serologic response after the first dose of COVID-
19 vaccine in patients with cancer [14, 24, 25, 27, 29,
32-34] The studies by Monin et al. and Addedo et al.
reported outcomes separately in hematologic and solid
cancers [14, 25]. As shown in Fig. 2A, the pooled pro-
portion of patients achieving a serologic response
was 54.2% (95% confidence interval [CI] 41.0-66.9).
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Subgroup analysis demonstrated that the rate was
numerically lower in solid cancers (49.6%) compared to
hematologic cancers (56.0%).

Heterogeneity was present (I*=88.9%) likely attrib-
uted to the difference in the reported rates among
studies. Multivariate meta-regression was under-
taken to further explore the cause of heterogene-
ity and demonstrated that the proportion of patients
on anti-cancer therapy (coefficient—0.029, 95%
CI—0.055—(—0.0016), P=0.038) and the age of the
subjects (coefficient —0.10, 95% CI—0.16 — (—0.050),
P<0.001) were significant sources of heterogeneity,
with studies with more patients on anti-cancer therapy
and with older subjects presenting a lower serologic
response rates to a single dose of COVID-19 vaccine
(Additional file 1: Table S3).

Funnel plot of the studies included in the meta-anal-
ysis demonstrated no asymmetry and no publication
bias was found (Begg’s P=0.44, Egger’s P=0.48) (Addi-
tional file 1: Fig. S1A).

Sensitivity analyses were carried out to assess
whether individual studies influenced the results (Addi-
tional file 1: Fig. S1B). When individual studies were
removed one at a time from the analyses, the corre-
sponding pooled rates were not markedly altered by
any single study confirming the stability of the results.
Three studies included non-mRNA type vaccines
[29, 32, 34] and a sensitivity analysis excluding them
showed similar results (Additional file 1: Fig. S1C). No
preprint studies were included for this analysis, so sen-
sitivity analysis excluding preprints was not performed.

Subgroup analysis according to type of hematologic
cancer demonstrated that rates were lower in chronic
lymphocytic leukemia (CLL) (16.7%), and lymphoma
(16.3%) compared to multiple myeloma (MM) (36.8%),
myeloproliferative malignancies (MPM) (54.6%), and
chronic myeloid leukemia (CML) (72.2%) (Additional
file 1: Fig. S1D). In solid cancers, the rates were lower
in thoracic cancers (21.4%) and skin cancers (22.2%)
compared to women’s cancers (47.4%), gastrointesti-
nal (GI) cancers (50.0%), and urological cancers (66.7%)
(Additional file 1: Fig. S1E). Subgroup analysis accord-
ing to type of vaccine showed that the rate was higher
with mRNA-1273 (80.4%) compared to BNT162b2
(53.0%) and AZD1222 (58.5%) (Additional file 1: Fig.
S1F). Subgroup analysis according to type of therapy
demonstrated that the rate was lowest with anti-CD20
therapy (10.0%) compared to chemotherapy (55.0%),
kinase inhibitors (61.6%), immune check-point inhibi-
tors (84.6%), or no therapy (71.5%) (Additional file 1: Fig.
S1G).
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Rate of serologic response after two doses of COVID-19
vaccine

There were eleven studies (14 reports) that assessed the
serologic response after two doses of COVID-19 vac-
cine [13, 14, 25-28, 30, 31, 33, 35, 36]. All studies did not
delay the timing of the second dose including the one
study reported from United Kingdom [25]. Three stud-
ies reported outcomes separately in hematologic and
solid cancers [13, 14, 25]. As shown in Fig. 2B, the pooled
proportion of patients achieving a serologic response
was 87.7% (95% CI 82.5-91.5). Subgroup analysis dem-
onstrated that the rate was numerically lower in hemato-
logic cancers (63.7%) compared to solid cancers (94.9%).
Surprisingly, the rates in patients with hematologic can-
cers after one and two doses were not considerably differ-
ent (59.0-63.7%).

Heterogeneity was present (I*=94.2%) likely attributed
to the difference in the reported rates between hemato-
logic and solid cancers. Multivariate meta-regression was
undertaken to further explore the cause of heterogeneity
and demonstrated that the difference in study population
(hematologic versus solid cancer) (coefficient —2.16, 95%
CI—3.26 — (— 3.86), P<0.001) was a significant source of
heterogeneity (Additional file 1: Table S4).

Funnel plot of the studies included in the meta-anal-
ysis demonstrated no asymmetry, but publication bias
was present by Egger’s (P=0.014) but not Begg’s test
(P=0.27) (Additional file 1: Fig. S2A).

Sensitivity analysis was undertaken by excluding two
preprint studies (Additional file 1: Fig. S2B). Exclusion of
preprints demonstrated a serologic response rate similar
to when they were included (87.7% vs. 91.6%). Remove
one study analysis also showed that pooled rates were
not markedly altered by any single study (Additional
file 1: Fig. S2C). Excluding one study that included non-
mRNA vaccines [13] demonstrated similar results (data
not shown).

Similar to the results after one dose, subgroup analy-
sis stratified by type of hematologic cancer demonstrated
that rates were lower among conditions that mainly affect
B-cells, such as CLL (41.9%), and lymphoma (52.4%),
compared to MM (72.7%), AML/CML (75.0%), and MPM
(88.0%) (Additional file 1: Fig. S2D). In solid cancers, the
rates were slightly lower in women’s cancers (76.6%) and
skin cancers (80.0%) compared to GI cancers (86.7%),
urological cancers (87.5%), thoracic cancers (91.5%),
and brain cancers (95.0%) (Additional file 1: Fig. S2E).
Subgroup analysis according to type of vaccine showed
that the rates were similar with mRNA-1273 (87.2%)
and BNT162b2 (85.1%) (Additional file 1: Fig. S2F). Sub-
group analysis according to type of therapy demonstrated
that the rates were lower with chimeric antigen receptor
(CAR) T-cell therapy (12.5%), anti-CD20 therapy (22.9%),
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kinase inhibitors (38.9%), daratumab (50.0%), and stem
cell transplant (SCT) (73.1%) compared to chemotherapy
(92.8%), protease inhibitors (92.9%), immune check-point
inhibitors (95.2%), hormonal therapy (99.0%), or no ther-
apy (82.3%) (Additional file 1: Fig. S2G).

Comparison of serologic response after a single dose
of COVID-19 vaccine to controls
As shown in Fig. 3A, meta-analysis of 6 studies (7
reports) [25, 27, 29, 32—-34] that included control patients
demonstrated that a significantly lower proportion of
cancer patients achieved a serologic response compared
to control patients after a single dose of vaccine (odds
ratio (OR) 0.073, 95% CI 0.026—0.20, < 0.001). Subgroup
analysis showed that both hematologic and solid cancers
demonstrated lower response rates compared to controls
(OR 0.052, 95% CI 0.008-0.33, P=0.0016 and OR 0.085,
95% CI 0.024—0.29, P<0.001, respectively).
Heterogeneity was present (I*=84.3%) likely attributed
to the variable ratios reported among included studies
(range 0.014-0.55), especially among studies included in
hematologic cancers. Funnel plot of the studies included
in the meta-analysis demonstrated no asymmetry (Begg’s
P=0.55, Egger’s P=0.099) (Additional file 1: Fig. S3A).

Comparison of serologic response after two doses

of COVID-19 vaccine to controls

As shown in Fig. 3B, meta-analysis of 8 studies (10
reports) [13, 25-28, 31, 33, 36] that included control
patients demonstrated that a significantly lower propor-
tion of cancer patients achieved a serologic response
compared to control patients after two doses of vac-
cine (OR 0.10 (95% CI 0.039-0.26), P<0.001). Subgroup
analysis showed that both hematologic and solid cancers
demonstrated lower response rates compared to controls
(OR 0.044, 95% CI 0.012-0.16, P<0.001 and OR 0.24,
95% CI 0.062—0.90, P=0.035, respectively), but the OR
was much smaller in hematologic cancer.

Heterogeneity was not present (?=0%) and funnel
plot of the studies included in the meta-analysis demon-
strated no asymmetry (Begg’s P=0.15, Egger’s P=0.15)
(Additional file 1: Fig. S3B).

Some studies reported data of absolute values of anti-
body titers (Table 1). Cancer patients had values that
were 1/3 to 1/10 compared to controls.

Grading the quality of evidence

Based on the GRADE approach, an overall quality of evi-
dence for this analysis was low as the data were obtained
from observational studies and there were no specific
factors to down- or up-grade the level of certainty (Addi-
tional file 1: Table S5).
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A. Serologic response after one dose of vaccine
Subgroup Study name Event rate and 95% CI
Event Lower Upper Relative
rate  limit i Total weight
Hematologic cancer Monin Hemato 0.182 0.094 0.323 8/44 - 14.44
Harrington CML 0.875 0.614 0.969 14/ 16 - 9.07
Bird 0.559 0.457 0.656  52/93 ™ 17.07
Chowdhury 0.576 0.448 0.695 34/59 - 16.37
Harrington MPD 0.762 0.540 0.897 16/21 " 12.50
Pimpinelli 0.380 0.287 0.483 35/92 - 17.00
Addeo Hemato 0.720 0.518 0.860 18/25 - 13.56
Subtotal 0.560 0.405 0.704 177 /350 —r—
Solid cancer Monin Solid 0.375 0.259 0.508 21/56 - 24.81
Terpos 0.254 0.159 0.380 15/59 - 24.51
Addeo Solid 0.833 0.745 0.895 80/96 - 24.84
Barriere 0.475 0.388 0.564 58/122 B 25.84
Subtotal 0.496 0.262 0.732 174/333 T—
Overall 0.542 0.410 0.669 351/683 ——
0.00 0.50 1.00
Hemato: Heterogeneity: I = 84.55%, Q = 38.84, P <0.001
Solid: Heterogeneity: I = 94.14%, Q = 51.21, P <0.001
Overall: Heterogeneity: /12 = 88.90%, Q = 90.09, P <0.001
B. Serologic response after two doses of vaccine
Subgroup Study name Event rate and 95% CI
Event Lower Upper Relative
rate limit limit Total weight
Hematologic cancer Monin Hemato 0.600 0.200 0.900 3/5 T 6.93
Herishanu 0.395 0.324 0.471 66/ 167 - 14.58
Agha 0.537 0.418 0.652 36/67 " 13.92
Roeker 0.523 0.377 0.664 23 /44 - 13.37
Thakkar Hemato 0.848 0.741 0.916 56 /66 - 12.94
Diefenbach 0.472 0.342 0.605 25/53 13.64
Pimpinelli 0.837 0.747 0.902 77/92 - 13.57
Addeo Hemato 0.773 0.556 0.902 17/22 i 11.05
Subtotal 0.637 0.481 0.769 303 /516 T
Solid cancer Monin Solid 0.947 0.706 0.993 18/19 T 6.07
Thakkar Solid 0.978 0.933 0.993 131/134 = 14.70
Palich 0.942 0.902 0.966 210/ 223 - 30.36
Addeo Solid 0.980 0.924 0.995 99/101 | 11.00
Barriere 0.952 0.829 0.988 40/ 42 - 10.76
Massarweh 0.902 0.827 0.946 92/102 - 27.11
Subtotal 0.949 0.916 0.970 590/ 621 h
Overall 0.877 0.825 0.915 893 /1137 -
0.00 0.50 1.00
Hemato: Heterogeneity: I? = 89.49%, Q = 66.59, P <0.001
Solid: Heterogeneity: 12 =39.79%, Q=8.31, P=0.14
Overall: Heterogeneity: 1> = 94.22%, Q = 224.81, P <0.001
Fig. 2 A Meta-analysis of serological response after one dose of vaccine. B Meta-analysis of Serological response after two doses of vaccine

Discussion

In the present meta-analysis, we assessed the serologic
response to COVID-19 vaccination in patients with
cancer. We demonstrated that only 54% of patients with
cancer achieved a serologic response to a single dose
of COVID-19 vaccine, which improved to 88% after
two doses. The rates were significantly lower compared
to controls at both stages, especially in patients with
hematologic cancers, suggesting the urgent need for an

improved vaccination strategy in this vulnerable patient
population. Further studies assessing the response in
patients with various types of cancers or to other types of
vaccine are warranted.

Patients with cancer are known to have a greater mor-
tality due to COVID-19 [37]. Patients with cancer are
immunocompromised due to the immunosuppressive
properties of cancer and the effects of chemotherapy
and radiation therapy [38]. Chemotherapy may cause
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A. Serologic response compared to controls after one dose of vaccine
Subgroup Study name Odds ratio and 95% Cl
Odds Lower Upper Relative
ratio limit limit Cancer Control weight
Hematologic cancer Monin Hemato 0.014 0.003 0.070 8/44 32/34 ~* 23.02
Bird 0.014 0.003 0.062 52/93 175/177 - 23.86
Chowdhury 0.049 0.020 0.116 34/59 224/232 i 26.39
Pimpinelli 0.549 0.252 1.196 35/92 19/36 i 26.73
Subtotal 0.052 0.008 0.326 129 /288 450/ 479 T—
Solid cancer Monin Solid 0.038 0.008 0.173 21/56 32/34 32.03
Terpos 0.178 0.094 0.336 15/59 186/283 | 53.36
Barriere 0.034 0.002 0.578 58/122 13/13 14.61
Subtotal 0.085 0.024 0.294 94 /237 231/330 ——
Overall 0.073 0.026 0.203 223 /525681 /809 —r
0.01 0.1 1 10 100
Hemato: P = 0.0016, Heterogeneity: /2 = 91.04%, Q = 33.49, P <0.001 c Control
Solid: P <0.001, Heterogeneity: 12 = 53.91%, Q = 4.34, P = 0.11 ancer ontro
Overall: P <0.001, Heterogeneity: 1> = 84.29%, Q = 38.18, P <0.001
B. Serologic response compared to controls after two doses of vaccine
Subgroup Study name Odds ratio and 95% Cl
(r)gt?g "I?n‘qi%r Lfﬁ‘?i%r Cancer  Control Rvslea}évf
Hematologic cancer Monin Hemato 0.056 0.002 1.458 3/5 12 /12 16.18
Herishanu 0.006 0.000 0.103 66/167 52/52 21.90
Thakkar Hemato 0.102 0.006 1.798 56/66 26/26 20.81
Diefenbach 0.081 0.004 1.545 25/53 5/5 19.84
Pimpinelli 0.068 0.004 1.176 77/92 36/36 21.27
Subtotal 0.044 0.012 0.163 227/383 131/131 | ——1_
Solid cancer Monin Solid 0.493 0.01913.112 18/19 12/12 16.68
Thakkar Solid 0.709 0.03614.131 131/134 26/26 20.05
Palich 0.158 0.009 2.695 210/223 49/49 22.26
Barriere 0.331 0.015 7.176 40/42 24/24 18.95
Massarweh 0.056 0.003 0.973 92/102 78/78 22.05
Subtotal 0.236 0.062 0.902 491 /520 189/ 189
Overall 0.100 0.039 0.256 718/903 320/320
0.01 0.1 1 10 100
Hemato: P <0.001, Heterogeneity: > = 0%, Q = 2.45, P = 0.65
Solid: P =0.035, Heterogeneity: °=0%, Q=1.81, P=0.77 Cancer Control

Overall: P <0.001, Heterogeneity: 1> = 0%, Q = 7.37, P = 0.60

Fig. 3 A Meta-analysis of serological response compared to controls after one dose of vaccine. B Meta-analysis of serological response compared

to controls after two doses of vaccine

long-term changes in immune parameters including
B and T cell functions that increases the risk of vari-
ous infections as well as hampers the response to vac-
cines [39]. They might also have a dysfunctional immune
responses to infections secondary to immunotherapeu-
tics, such as programmed cell death 1 or programmed
cell death ligand 1 inhibitors, or chimeric antigen recep-
tor (CAR)-modified T cell therapy [38]. Furthermore,
patients with cancer are often older and carry comorbidi-
ties placing them at greater risk for morbidity and mor-
tality due to COVID-19 [40].

Due to the lack of effective therapies to treat COVID-
19, it is important to know the effectiveness of COVID-
19 vaccines in patients with cancer. Roeker et al. reported
that seroconversion of anti-SARS-CoV-2 antibody after

two doses of COVID-19 vaccine was 52% in leukemia
patients whereas Massarweh et al. reported a 90% sero-
conversion rate in solid cancer patients [28, 30]. A major-
ity of studies have reported an attenuated response in
patients with cancer, but the seroconversion rates var-
ied largely and most studies were of small sample sizes.
Therefore, it was important to integrate findings across
studies to determine the serologic response rate to
COVID-19 vaccination in patients with both hematologic
and solid cancers.

Shroti et al. reported that nearly all patients devel-
oped antibodies after one or two doses of BNT162b2 or
ChAdOx1 nCoV-19 vaccines (96.42% and 99.08%, respec-
tively). However, they reported that elderly people and
those with comorbidities such as diabetes, cardiovascular
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disease, and cancer had lower antibody levels [41]. Our
study showed that the proportion of patients achieving a
serologic response after a single or two doses of COVID-
19 vaccine was 54% and 88%, respectively, which are much
lower than the rates reported by Shroti et al. Among stud-
ies that included control patients without cancer, the OR
of achieving serologic response among patients with can-
cer was significantly lower after the first and second dose.
The results of our study are consistent with recent meta-
analyses reporting lower response rates in hematological
cancers vs. solid cancers or controls [42, 43].

The proportion of patients on anti-cancer therapy and
older age were factors associated with lower vaccine
response rates after the first dose whereas diagnosis of
hematologic cancer was the only factor associated with
lower response after the second dose. This supports the
recommendations to prioritize cancer patients for addi-
tional measures such as booster vaccinations. We also
analyzed vaccine response in different types of cancer as
well as in patients receiving different treatments. Patients
with CLL and lymphoma, which are mainly of B-cell
origin, had lower serologic response rates compared to
MM, AML/CML and MPM patients and therapies such
as CAR-T therapy, anti-CD20 therapy, and kinase inhibi-
tors were associated with lower rates. In contrast, most
solid cancers had serologic response rates in 80-95%
range after two doses of vaccine and therapies mostly
used for these conditions such as chemotherapy, immune
check-point inhibitors, and hormonal therapy had higher
response rates.

Limitations

Ten months have passed since the UK first approved
BNT162b2, but available studies in cancer patients was
still limited. There are currently 9 different vaccines on
the global market, but nearly all of the included studies
used only mRNA vaccines: either BNT162b2 (or mRNA-
1273, and only a few studies included ChAdOx1 nCoV-
19 or AD26.COV2.S in a small proportion of patients.
Further research is needed whether the results of our
study can be generalized to other types of vaccines. We
assessed humoral responses to vaccination, but the
extent to which cell-mediated immunity, such as spike-
specific T cell response, is involved remains unclear.
However, recent real-world studies have shown that anti-
body levels are associated/predictive of infection risk and
that immunosuppressed patients were at risk for break-
through infections [44, 45]. We undertook subgroup
analyses according to different diseases or therapies, but
the number of studies reporting detailed data were lim-
ited. Included studies mainly used one of the three com-
mercially available antibody tests (Roche, DiaSorin, or
Abbott), which all have excellent sensitivity (98—100%)
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[46]. As a result, they correlate well with each other in
terms of seroprevalence. Some early studies delayed the
timing of the second dose, but all of the studies included
in our meta-analysis for the assessment following two
doses administered the second dose without delay.
Serologic response rates were similar after two doses of
BNT162b2 or mRNA-1273 vaccines, but further studies
are needed to assess the difference in degree of waning
antibody levels in cancer patients [47]. Furthermore, we
were not able to assess the vaccine effectiveness in pre-
venting infections or hospitalizations in cancer patients.

Conclusion

In the present comprehensive meta-analysis, we ana-
lyzed the rate of seroconversion to COVID-19 vaccines
in patients with cancer. Our meta-analysis demonstrated
that 54% and 88% of patients with cancer achieved a
serologic response after one and two doses of COVID-
19 vaccine, respectively, which were statistically lower
compared to controls. Cancer patients should receive the
series of two dose vaccines without delay and should con-
tinue to follow safety measures including mask-wearing
after vaccination. Certain conditions and therapy were
associated with lower response rates, so further studies
assessing optimal prophylactic strategy in patients with
cancer will be warranted.
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