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Abstract 
 
Vaccines against SARS-CoV-2 have shown remarkable efficacy and thus constitute an important preventive option against 
coronavirus disease 2019 (COVID-19), especially in fragile patients. We aimed to systematically analyze the outcomes of 
patients with hematological malignancies who received vaccination and to identify specific groups with differences in 
outcomes. The primary end point was antibody response after full vaccination (2 doses of mRNA or one dose of vector-
based vaccines). We identified 49 studies comprising 11,086 individuals. Overall risk of bias was low. The pooled response 
for hematological malignancies was 64% (95% confidence interval [CI]: 59-69; I²=93%) versus 96% (95% CI: 92-97; I²=44%) 
for solid cancer and 98% (95% CI: 96-99; I²=55%) for healthy controls (P<0.001). Outcome was different across 
hematological malignancies (P<0.001). The pooled response was 50% (95% CI: 43-57; I²=84%) for chronic lymphocytic 
leukemia, 76% (95% CI: 67-83; I²=92%) for multiple myeloma, 83% (95% CI: 69-91; I²=85%) for myeloproliferative 
neoplasms, 91% (95% CI: 82-96; I²=12%) for Hodgkin lymphoma, and 58% (95% CI: 44-70; I²=84%) for aggressive and 61% 
(95% CI: 48-72; I²=85%) for indolent non-Hodgkin lymphoma. The pooled response for allogeneic and autologous 
hematopoietic cell transplantation was 82% and 83%, respectively. Being in remission and prior COVID-19 showed 
significantly higher responses. Low pooled response was identified for active treatment (35%), anti-CD20 therapy ≤1 year 
(15%), Bruton kinase inhibition (23%), venetoclax (26%), ruxolitinib (42%), and chimeric antigen receptor T-cell therapy 
(42%). Studies on timing, value of boosters, and long-term efficacy are needed. This study is registered with PROSPERO 
(clinicaltrials gov. Identifier: CRD42021279051). 

Introduction 
For patients with hematological malignancies, risk of 
death among adult patients who had coronavirus disease 
2019 (COVID-19) was estimated to be 34% in predomi-
nantly hospitalized patients, being even higher for patients 
at older age.1 Similarly, patients undergoing hematopoetic 
cell transplantation or cellular therapy were found to be 
at increased risk for lower respiratory tract disease, in-
tensive care admission, and death.2 In addition, COVID-19 
elicits an impaired antibody response against SARS-CoV-
2 in hematological malignancies.3 Overall, this emphasized 
the need for stringent surveillance and urgent identifica-
tion of therapeutic and preventive options.4 

Vaccines against SARS-CoV-2 constitute such an impor-
tant preventive option against COVID-19 in fragile patients, 
in addition to other non-pharmaceutical measures such 
as wearing masks, hand-washing, or social distancing.5 

Several randomized trials have established the safety and 
efficacy of several vaccines, using novel messenger RNA 
(mRNA) or vector-based vaccines.6 For patients under-
going hematopoietic cell transplantation or cellular ther-
apy, current consensus recommends initiation of 
vaccination approximately between 3 and 6 months after 
treatment for allogeneic and 2 months for autologous 
transplants.7–9 However, the actual effect in patients with 
hematological malignancies and transplantation/cellular 
therapy is unclear.  
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As the COVID-19 pandemic, to date, does not seem to be 
overcome and the disease still remains a major risk factor 
for morbidity and mortality in high-risk patients, evidence 
syntheses are needed facilitating risk group identification 
and decision-making. Here, we aimed to perform a sys-
tematic review and meta-analysis to assess the antibody 
response, efficacy, and safety after vaccination against 
SARS-CoV-2 in patients with hematological malignancies. 

Methods 
Search strategy and selection criteria 
We followed the updated Preferred Reporting Items for 
Systematic Reviews and Meta-analyses (PRISMA) reporting 
guideline and the Meta-analysis of Observational Studies 
in Epidemiology (MOOSE) checklist. 
All studies published since 1 July 2020 on adults with 
hematological malignancies (myeloid, lymphoid, or plasma 
cell dyscrasias) after one or two doses of vaccine were 
considered for inclusion. Full vaccination was defined as 
two doses of mRNA vaccination or one dose of vector-
based vaccines. Case reports/series, or cohort studies 
with an overall population of less than ten were excluded.  
The last updated literature search of MEDLINE, the Coch-
rane Library, and LitCovid was done on 16 September 
2021. Additionally, the reference lists of relevant reviews 
published in 2021 were reviewed. Two authors (NG and 
NK) independently conducted the search strategy. Differ-
ences in opinion were discussed and resolved by consen-
sus with a third author (FP). The full search strategy is 
available in the Online Supplementary Table S1. 
The following key characteristics were extracted: authors, 
number of patients, type of vaccine, disease, number of 
patients receiving hematopoietic cell transplantation (al-
logeneic or autologous) and cellular therapy (chimeric 
antigen receptor [CAR] T-cell therapy), other therapies, re-
mission status, COVID-19 prior to vaccination, control 
group, antibody response, safety, infection rate after vac-
cination, age, antibody assay, and follow-up.  
Hematological malignancy subtypes were divided as: 
multiple myeloma (excluding monoclonal gammopathy of 
unknown significance), chronic lymphocytic leukemia, 
myeloproliferative neoplasms (including chronic myeloid 
leukemia, polycythaemia vera, essential thrombocythae-
mia, and myelofibrosis), lymphoproliferative disorder (ag-
gressive or indolent non-Hodgkin lymphoma, and Hodgkin 
lymphoma). For remission status, we categorized patients 
as in remission at time of COVID-19 vaccination or at 
stable/progressive disease.  

Outcomes  
The primary end point was antibody response (serocon-
version rate) after full vaccination (1 or 2 doses, depending 

on the vaccine), as assessed by anti-SARS-CoV-2 spike 
protein IgG antibody testing. Thresholds for positivity were 
in accordance with the respective assays used in the 
studies. The secondary endpoints were efficacy, response 
after first dose, and safety. Regarding efficacy, COVID-19 
diagnosis was based solely on real-time polymerase chain 
reaction (RT-PCR), as reported by the studies. 

Data analysis 
The methodological quality of each study was assessed 
using a tool designed specifically to evaluate non-com-
parative studies. Domains for potential bias are the fol-
lowing: selection of participants, ascertainment, causality, 
and reporting.10  
We used the Q test to assess between-study heteroge-
neity, and calculated the I² statistic, which expresses the 
percentage of the total observed variability caused by 
study heterogeneity. I² values were defined as low (≤50%), 
moderate (50-75%), or high heterogeneity (>75%). Publica-
tion bias was assessed by visual inspection of the funnel 
plots, coupled with the Egger’s test.  
Event rates and confidence intervals (CI) were pooled for 
each intervention in a meta-analysis using a random-ef-
fects model (DerSimonian and Laird). In order to examine 
the association of prespecified continuous moderator 
variables such as age with study effect size, a mixed-ef-
fects model was selected for meta-regression. All values 
showing P<0.05 were considered as statistically signifi-
cant. All analyses were performed using R version 4.0.3. 
No informed consent or Institutional Review Boards were 
needed for this analysis. 
This study is registered with PROSPERO (clinicaltrials gov. 
Identifier: CRD42021279051). 

Results 
A total of 714 citations were retrieved, after removal of du-
plicates. Out of those, 89 citations were assessed eligible 
for full-text screening. Citations were further selected 
after exclusion of studies reporting on less than ten pa-
tients, studies with no extractable antibody response (se-
roconversion) rate, survey reporting only on qualitative 
outcomes, and remaining reviews. Subsequently, 49 
studies comprising 11,086 patients with hematological 
malignancies, solid cancer, or healthy controls were eli-
gible (Figure 1).11–59 
Most studies investigated response after second dose of 
mRNA vaccines (either BNT162b2 or mRNA-1273). Twenty-
four studies included healthy controls, and seven studies 
included patients with solid cancer. Median follow-up of 
studies on full vaccination (second dose of mRNA or first 
dose of vector-based vaccine) was 52 days (range, 35-107 
days) and the median age of hematological patients was 
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67 years (range of median age, 46-82 years). Main study 
characteristics are depicted in the Online Supplementary 
Table S2. The overall risk of bias of included studies was 
judged to be low, with ten studies showing moderate risk 
of bias (Online Supplementary Table S3), and no publica-
tion bias was identified (P=0.56; Online Supplementary 
Figure S1).  

Antibody response in hematological malignancies 
Thirty-nine studies reported on antibody response after 
full vaccination (mostly second dose of mRNA vaccines). A 
significant between-group difference in antibody response 
was identified between hematological malignancies, solid 
cancer, and healthy control (P<0.001). Four thousand three 
hundred and eleven of 6,516 patients with hematological 
malignancies showed an antibody response, and the over-
all pooled response was 64% (95% CI: 59-69), with high 
heterogeneity (I²=93%). Seven hundred seventy-five of 806 
patients with solid cancer in seven studies showed an 

antibody response, and the pooled response was 96% 
(95% CI: 0.92-0.97), with no heterogeneity (I²=44%). One 
thousand five hundred and fifty-one of 1,588 healthy con-
trols in 21 studies showed an antibody response, and the 
pooled response was 98% (95% CI: 96-99), and moderate 
heterogeneity was identified (I²=55%). Detailed results with 
number of patients and events are depicted in the cor-
responding forest plot in Figure 2. 
Seventeen studies reporting on 1,550 patients with hema-
tological malignancies included early antibody response 
rates after first inoculum (Online Supplementary Figure 
S2). A significant difference was identified between hema-
tological malignancies, solid cancer, and healthy controls 
(P<0.001). The pooled response was 37% (95% CI: 29-45; 
I²=88%) for hematological malignancies, 62% (95% CI: 37-
83; I²=93%) for solid cancer, and 78% (95% CI: 63-89; 
I²=92%) for healthy controls.  

Figure 1. PRISMA flow diagram of study 
selection process.
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Sensitivity analysis 
In order to minimize potential selection bias, prespecified 
sensitivity analysis was done according to risk of bias of 
studies evaluating hematological malignancies (Table 1). 
The overall pooled response was 64% (95% CI: 58-71; 
I²=94%) and 63% (95% CI: 52-62; I²=82%) for studies at 
overall low or moderate risk of bias, respectively (P=0.91). 
Next, response according to type of mRNA vaccine was 
evaluated in patients with hematological malignancies. 
Two thousand five hundred and one of 3,864 patients and 
757 of 1,058 who received either BNT162b2 or mRNA-1273 
showed an antibody response, and the pooled responses 
were 63% (95% CI: 57-69) and 72% (95% CI: 60-72), with 
high heterogeneity (I²= 93% and 96%), respectively. No sig-
nificant between-group difference according to vaccine 
was identified (P=0.34; Online Supplementary Figures S3 
and S4).  

Diseases and treatments 
We then stratified the overall population with hematologi-

cal malignancies according to underlying diagnosis and 
found a significant difference between the groups 
(P<0.001), accounting for 25% of the overall heterogeneity 
(Figure 3). Nine hundred and thirty-one of 1,753 patients 
with chronic lymphocytic leukemia showed an antibody 
response, and the pooled response was 50% (95% CI: 43-
57), with high heterogeneity (I²=84%). Next, 1,163 of 1564 
patients with multiple myeloma showed an antibody re-
sponse, and the pooled response was 76% (95% CI: 67-
83), with high heterogeneity (I²=91%). Two hundred and 
ninety-five of 365 patients with myeloproliferative neo-
plasms showed an antibody response, and the pooled re-
sponse was 83% (95% CI: 69-91), with high heterogeneity 
(I²=85%). For non-Hodgkin lymphoma, 214 of 386 with ag-
gressive and 316 of 494 with indolent lymphoma showed 
an antibody response, and the pooled responses were 
58% (95% CI: 44-70) and 61% (95% CI: 48-72), with high 
heterogeneity (I²= 84% and 85%), respectively. For Hodgkin 
lymphoma, 125 of 133 patients showed antibody response, 
and the pooled response was 91% (95% CI: 82-96), with 

Figure 2. Forest plot of pooled antibody response rates across included studies. 
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no heterogeneity (I²=12%).  
A significant difference was found for patients in re-
mission compared with patients with stable or progress-
ive disease at time of vaccination (P=0.014). Six hundred 
and five of 835 patients in remission showed an antibody 
response compared with 331 of 590 of patients with 
stable or progressive disease (Online Supplementary Fig-
ure S5), and the pooled responses were 72% (95% CI: 64-
79) compared with 48% (95% CI: 31-66), with high 
heterogeneity (I²=80% and 93%), respectively. Antibody re-
sponse was furthermore affected by history of COVID-19 
prior to vaccination (P=0.005). Ninety-seven of 107 pa-
tients with hematological malignancies and prior COVID-
19 showed an antibody response, and the pooled 
response was 87% (95% CI: 75-94), with no heterogeneity 
(I²=26%; Online Supplementary Figure S6).  
Thirteen studies evaluated patients who underwent 
hematopoietic cell transplantation comprising a total of 
1,324 patients. No between-group difference for allogeneic 
and autologous transplants was identified (P=0.60; Online 
Supplementary Figure S7). For allogeneic transplants, 577 
of 697 patients achieved antibody response, and the 
pooled response was 82% (95% CI: 77-87), with moderate 

heterogeneity (I²=64%). Most transplantations were re-
ceived >1 year prior to vaccination and limited data sug-
gested reduced response rates particularly for those 
receiving allogeneic transplantation <6 or 12 months prior 
to vaccination.22,41,47,59 For autologous transplants, 466 of 
547 patients achieved an antibody response, and the 
pooled response was 83% (95% CI: 73-90), with high het-
erogeneity (I²=83%). For patients who received CAR-T 
therapy, only 35 of 72 patients showed a response, and 
the pooled response was 42% (95% CI: 27-60), with mod-
erate heterogeneity (I²=54%; Online Supplementary Figure 
S8). 
Next, a significant difference in antibody response was 
found for active treatment at time of vaccination in com-
parison with no treatment (P<0.001). Five hundred and 
fifty-two of 1,228 patients under active treatment and 744 
of 1,034 under no treatment showed antibody response 
(Online Supplementary Figure S9), and the pooled re-
sponses were 35% (95% CI: 25-47; I²=93%) compared with 
76% (95% CI: 68-82; I²=83%).  
Furthermore, targeted treatments were evaluated. The re-
sponse was significantly affected by the timing of anti-
CD20 therapy (P<0.001). Forty-six of 321 patients who 

Table 1. Pooled antibody response rates across subgroups.

Subgroups N Pooled response 95% CI I² P

Hematopoietic cell transplant 
Allogeneic 
Autologous

 
697 
547

 
82% 
83%

 
77-87 
73-90

 
64% 
83%

0.60

CAR-T therapy 92 42% 27-60 54%

Treatment 
Active 
No

 
1,228 
1,034

 
35% 
76%

 
25-47 
68-82

 
93% 
83%

<0.001

Anti-CD20 therapy 
>1 year 
≤1 year

 
388 
321

 
59% 
15%

 
46-72 
9-24

 
87% 
59%

<0.001

Anti-CD38 351 55% 40-69 84%

Chemotherapy 443 69% 54-81 83%

Bruton kinase inhibition 636 23% 14-35 85%

Venetoclax 155 26% 20-34 0%

Disease status 
Remission 
Stable or progressive disease

 
835 
590

 
72% 
48%

 
64-79 
31-66

 
80% 
93%

0.014

Prior COVID-19 
Yes 
No

 
107 

2,654

 
87% 
66%

 
75-94 
57-74

 
26% 
94%

0.005

Risk of bias 
Low 
Moderate

 
5,904 
612

 
64% 
63%

 
58-70 
52-72

 
94% 
82%

0.91

mRNA vaccine 
BNT162b2 
mRNA-1273

 
4,224 
1,058

 
63% 
72%

 
57-69 
52-86

 
93% 
96%

0.43

CI: confidence interval; CAR: chimeric antigen receptor; N: number; COVID-19: coronavirus disease 2019. 
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received anti-CD20 therapy ≤1 year prior to vaccination 
showed an antibody response compared with 213 of 388 
who received anti-CD20 therapy >1 year prior to vaccina-
tion (Online Supplementary Figure S10). The pooled re-
sponses were 15% (95% CI: 9-24; I²=59%) compared with 
59% (95% CI: 46-72; I²=85%). Next, 11 studies comprising 
636 patients evaluated outcome for Bruton kinase in-
hibitor therapy, and the pooled response was 23% (95% 
CI: 14-35), with high heterogeneity (I²=85%; Online Sup-
plementary Figure S11). Seven studies evaluated the re-
sponse for patients who received venetoclax therapy, and 
the pooled response was 26% (95% CI: 14-37), with no 
heterogeneity (I²=0%; Online Supplementary Figure S12). 
Four studies included 50 patients with myelofibrosis and 
ruxolitinib therapy, and the pooled response was 42% 
(95% CI: 25-61), with no heterogeneity (I²=36%). Seven 
studies in multiple myeloma patients evaluated response 

for patients who received anti-CD38 therapy (Online Sup-
plementary Figure S13). Of 351 patients analyzed 211 
showed an antibody response, and the pooled response 
was 55% (95% CI: 40-69), with high heterogeneity 
(I²=84%). Patients who received chemotherapy showed a 
pooled response of 69% (Online Supplementary Figure 
S14). 

Efficacy 
Fifteen studies comprising 2,719 hematological malig-
nancy patients assessed efficacy of vaccination during fol-
low-up. There were 28 reported COVID-19 cases, with ten 
and nine reported cases in two studies,14,22 while the re-
maining nine cases were reported in six studies.15,37,51,53,57,58 
The pooled proportion of evaluable patients without 
COVID-19 during follow-up was 99% (95% CI: 98-99), and 
no heterogeneity was observed (I²=23%; Online Supple-

Figure 3. Forest plot of pooled antibody response rates across hematological malignancies. Note: aggressive lymphoma was de-
fined as diffuse large B-cell lymphoma, Burkitt lymphoma, peripheral T-cell lymphoma, mantle-cell lymphoma, angioimmuno-
blastic lymphoma, and central nervous system lymphoma. CLL: chronic lymphocytic leukemia; MM: multiple myeloma; MPN: 
myeloproliferative neoplasms; NHL: non-Hodgkin lymphoma; HL: Hodgkin lymphoma.
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mentary Figure S15). Five COVID-19 deaths were observed 
among fully vaccinated patients with hematological ma-
lignancies. 

Safety  
One-third of patients reported local adverse events such 
as injection side pain and sore arm. Most frequent sys-
temic adverse events were weakness/fatigue (6-30%) and 
generalized muscle pain (4-30%). The Online Supplemen-
tary Table S4 summarizes the reported safety profiles 
after first and second dose of vaccination. 

Discussion 
This meta-analysis of 49 studies and >11,000 patients with 
hematological malignancies, solid cancer, or healthy con-
trols regarding antibody responses after vaccination 
against SARS-CoV-2 found markedly reduced response 
rates for patients with hematological malignancies. The 
humoral response to vaccination was further affected by 
type of disease, remission status, history of COVID-19, and 
treatment.  
In terms of disease subgroups, patients with chronic lym-
phocytic leukemia showed lowest pooled response rates 
of 50%, followed by patients with aggressive (58%) or in-
dolent non-Hodgkin lymphoma (61%), whereas patients 
with multiple myeloma and myeloproliferative neoplasms 
showed responses of 76% and 83%, respectively. Only pa-
tients with Hodgkin lymphoma appeared to exhibit com-
parable responses to healthy controls, showing pooled 
response of 91%. The underlying causes for lower humoral 
response to vaccination may be multifactorial, with at-
tributions to disease-related immune dysregulation, treat-
ment-related immunosuppression, as well as to 
patient-specific factors.60 One identified treatment-re-
lated factor across disease was active treatment, suggest-
ing markedly reduced humoral response rates (pooled, 
35%) in comparison with patients with no treatment at 
time of vaccination.  
Particularly for patients with chronic lymphocytic leuke-
mia and lymphoma, another important treatment-related 
factor identified in this analysis may be anti-CD20 anti-
body (rituximab or obinutuzumab) within 1 year prior to 
vaccination. This subgroup showed significantly reduced 
anti–SARS-CoV-2 antibodies in comparison with patients 
who received anti-CD20 therapy >1 year prior to vaccina-
tion who, however, still exhibited overall reduced re-
sponse. These results are in line with previous findings of 
reduced response to other vaccines after exposure to B 
cell–depleting agents.61,62 Furthermore, patients actively 
treated with Bruton kinase inhibitors exhibited very low 
response rates. This result is in line with previous studies 
which found an association between blockaded B-cell re-

ceptor signaling and impaired responses to vaccines 
against influenza and hepatitis B.63,64 Our data synthesis 
may encourage active discourse and implementation of 
personalized immunization strategies for patients with re-
spect to their individual treatment. 
Regarding weakened responses in multiple myeloma, al-
though we could not further dissect patients into smol-
dering myeloma, one included study suggested 
suboptimal response irrespective of smoldering or active 
multiple myeloma, indicating that the disease itself may 
have a crucial immunosuppressive role, suppressing nor-
mal B-cell expansion and immunoglobulin production and 
characterized by dysfunctional antigen presentation.65 
Myeloma patients were previously found to present sub-
optimal seroconversion rates after vaccination against 
other viruses and, usually, booster doses are needed.66 In 
terms of treatment-related factors, we found reduced 
pooled response rates of 55% for myeloma patients re-
ceiving anti-CD38 therapy. Mechanistically, depletion of 
antibody-producing B cells using anti-CD38 monoclonal 
antibodies directly diminishes immunogenicity.67 Previous 
findings suggested no interfering effect of this therapy in 
the setting of other usual vaccination programs.68 How-
ever, at least three studies reported ≤50% response rates 
for patients undergoing anti-CD38 treatment in the pres-
ent analysis. Other treatment modalities such as immu-
nomodulatory drugs appeared to be associated with 
higher response rates compared with antibody treat-
ments, showing 81% (95% CI: 71-88; I2=51%).14,19,27,43,46 
Whether these results are further affected by other con-
current treatments such as proteasome inhibition cannot 
be further dissected in this pooled analysis. 
Another relevant subgroup consists of patients who 
underwent hematopoietic cell transplantation or CAR-T 
therapy. Here, we found slightly higher response rates of 
83% for autologous and 82% for allogeneic hematopoietic 
cell transplantation recipients. Our analysis was unable to 
differentiate results according to timing of transplantation 
and thus on the potential effect of ongoing immunosup-
pression, due to the limited number of studies, while first 
limited evidence showed higher responses for patients re-
ceiving vaccination at least 1 year after transplanta-
tion.22,41,47 Another study in myeloma suggested low 
serological responses for patients who received auto-
logous transplantation within 6 months prior to vaccina-
tion, and responses improved significantly afterwards.22 
With respect to allografts and although not systematically 
assessable in our data synthesis, exacerbation of graft-
versus-host disease was noted in approximately 3-5% of 
the patients without serious complications.33,38 Two 
studies documented development of transient grade 3 or 
4 cytopenia.69 For CAR-T patients, we found markedly re-
duced pooled response of 45%. Whether this is associated 
with underlying disease, immunosuppression, disease 
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characteristic, previous exposition to B-cell depleting 
therapy, or cytokine release syndrome needs to be evalu-
ated in larger studies.  
In terms of vaccines, mRNA-1273 appeared to induce 
higher seropositive rates in comparison with BNT162b2, 
which is in line with previous findings in the setting of 
solid organ transplantation,70 whereas nearly identical re-
sponse and efficacy has been shown for healthy partici-
pants. Median antibody titers appeared to be higher for 
mRNA-1273, and whether this can be attributed to differ-
ent amounts of spike mRNA, or whether this is affected 
by different compositions altering penetration into host 
cells remains to be determined.  
We acknowledge several shortcomings of our analysis. 
Considerable heterogeneity was observed in hematologi-
cal malignancies, while no substantial heterogeneity was 
observed in solid cancer and healthy controls, suggesting 
inherent effect of diseases and treatments. In that regard, 
results in some patient subgroups may be interpreted 
with caution do due to small sample size, for instance pa-
tients who received CAR-T therapy or patients with differ-
ent myeloproliferative neoplasms (including myelofibrosis 
or polycythemia vera). Patients with acute leukemia or 
myelodysplastic syndromes were only reported in three 
studies comprising a total of 170 patients. The pooled re-
sponse after full vaccination was 91% (95% CI: 86-95; 
I²=0%).23,29,47 However, detailed reports on how many of 
them had acute lymphoblastic leukemia or acute myeloid 
leukemia, or which treatment (including transplantation) 
was received by either group were not extractable from 
all studies, challenging the interpretation of these results. 
In contrast, when interpreting results of the total cohort 
of hematological malignancies, some cohorts may con-
found the results by relative overrepresentation (including 
chronic lymphocytic leukemia and multiple myeloma), 
which may have been due to the prevalence as well as the 
need of rapid recruitment necessary for studies in this 
evolving pandemic. Therefore, we aimed to stratify pa-
tients as adequately as possible to dissect current evi-
dence for each subgroup. Furthermore, we analyzed other 
patient-specific factors that may have influenced results 
such as age, which did not seem to affect response be-
tween the studies. Meta-regression showed that none of 
the observed between-study heterogeneity may be ac-
counted to patient age, with a trend toward different out-
come for patients >75 years (Online Supplementary Figure 
S16).  
Another limitation might have been introduced through 
the reliance on anti-spike protein IgG levels as a surrogate 
for immunity to COVID-19, with a risk of between-study 
difference due to different assays. Another potential limi-

tation may result from under-estimation of dynamics over 
time of anti-spike antibodies because cutoffs and follow-
up needed to be taken from each study. As with any 
meta-analysis, the present work depended on time point 
evaluations, dynamics of outcomes can only be addressed 
using patient level data.  
The anti-spike IgG antibody used in each study might still 
not necessarily correlate with neutralizing activity against 
SARS-CoV-2. Not all studies reported homogenously on 
neutralizing activity which was therefore not included as 
the main objective to minimize selection bias. However, 
an explorative pooled analysis of neutralizing antibody re-
sponse of five studies comprising 856 patients across dis-
eases showed a pooled response of 52% (95% CI: 44-60) 
after full vaccination, with high heterogeneity 
(I²=82%).11,23,46,47,52 More studies on the relevance of measur-
ing neutralization assays are needed. 
Last, some studies reported on the level of SARS-CoV-2-
specific T-cell responses. Recent research indicated that 
CD8+ T-cell responses may be protective in patients with 
hematological malignancies in the setting of limited anti-
body responses after vaccination.71 Analysis of T-cell re-
sponses was out of the scope of the present work and 
will need further evaluation.  
Despite all limitations identified, during the COVID-19 
pandemic, gathering, analyzing, and reporting outcome 
data is particularly important for specific risk populations. 
This large meta-analysis of patients with hematological 
malignancies who underwent vaccination against SARS-
CoV-2 according to current guidance showed significantly 
reduced response in this cohort. The findings of the pres-
ented evidence synthesis may inform decision-making 
with regards to patient selection and highlights the need 
for further studies on the best timing of vaccinations as 
well as the added value of boosters. 
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