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Introduction: The coronavirus disease-2019 (COVID-19) has emerged as a novel infection

which has spread rapidly across the globe and currently presents a grave threat to the

health of the cancer patient.

Objective: The aim of this meta-analysis was to evaluate the proportion of hematological

cancer patients with the SARS-CoV-2 infection during the COVID-19 pandemic.

Method: A comprehensive literature review was performed on PubMed, Web of Science, Sco-

pus, EKB SciELO, SID, CNKI and Wanfang databases to retrieve all relevant publications up

to January 31, 2021. Observational studies, consecutive case-series and case-control studies

were included. The proportion for hematological cancer patients with COVID-19 was esti-

mated using the odds ratios (ORs) and 95% confidence interval (95% CIs).

Results: Fourteen studies with a total of 3,770 infected cancer patients and 685 hematologi-

cal cancer cases with COVID-19 were selected. Combined data revealed that the overall pro-

portion of hematological cancer patients with COVID-19 was 16.5% (95% CI 0.130 - 0.208, p ≤

0.001). The stratified analysis by ethnicity showed that the proportion was 18.8% and 12.4%

in Caucasian and Asian hematological cancer patients with COVID-19, respectively. More-

over, subgroup analysis by country of origin showed that its proportion was the highest in

the United Kingdom (22.5%), followed by France (17.1%) and China (8.2%).

Conclusion: This meta-analysis result indicated that the proportion of hematological cancer

patients with SARS-CoV-2 infection during the COVID-19 pandemic was 16.5%. Further

larger sample sizes and multicenter studies among different ethnic groups are necessary to

get a better assessment of the proportion.

� 2021 Published by Elsevier España, S.L.U. on behalf of Associação Brasileira de Hematolo-

gia, Hemoterapia e Terapia Celular. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

The coronavirus disease 2019 (COVID-19) outbreak started in

Wuhan, China in late 2019 and has rapidly spread globally

and become a major health threat to human life in many

ways. 1−3 The identified virus is a new strain of coronavirus-

enveloped non�segmented positive sense RNA virus and has

been named Severe Acute Respiratory Syndrome CoronaVirus

2 (SARS�CoV�2) by theWorld Health Organization (WHO). 4−6

As of December 2019, 103,950,353 cases of COVID-19 have

been reported, including 2,248,179 deaths worldwide. 3 The

United States has 4% of the world's population, but represents

approximately 20% of worldwide COVID-19 cases and mortal-

ity. 7 Most patients with the SARS-CoV-2 infection are asymp-

tomatic or exhibit mild-to-moderate symptoms, but

approximately 15% progress to severe pneumonia and 5%

require intensive care unit (ICU) management. 8,9

COVID-19 brings a huge burden to healthcare facilities,

especially in patients with an underlying disease. 10,11 It is

reported that vulnerable patients, such as those with old age,

hypertension, cardiovascular disease, diabetes mellitus and

malignancy and the immunocompromised, are presumed to

be at increased risk of severe COVID-19 outcomes due to the

underlying disease and treatment regimen. 4,12,13 Recent pub-

lications have indicated an increased risk of severe infection,

poorer outcomes and worse prognosis in infected cancer

patients. 14−18 More importantly, cancer patients with the

SARS-CoV-2 infection had a higher risk of severe events, such

as requiring invasive ventilation and death, than infected

patients without cancer. 19 The United Kingdom Coronavirus

Cancer Monitoring Project (UKCCMP) showed that cancer

patients with the SARS-CoV-2 infection with advanced age

and with other comorbidities had a significantly higher mor-

tality rate. 20 It seems that newly diagnosed cancer patients

might not get treatment on time during the COVID-19 pan-

demic. 21 Some studies revealed that the type of hematologic

malignancy was associated with higher COVID-19 mortality

than solid cancer. 19 A study based on combined data showed

that the risk of death in pediatric hematological cancer

patients with the SARS-CoV-2 infection was significantly

lower than that of adult patients 22, which confirmed previous

reports that increasing age is highly correlated with the risk of

death due to the infection. 23,24

Several epidemic and clinical studies have been consulted

on patients with hematologic malignancies in different popu-

lation mortalities in order to understand the epidemiology of

COVID-19. 14,19,25 There are few data on the risk of developing

COVID-19 in hematological cancer patients. 25 However, those

studies results were not inconclusive and data on the propor-

tion of hematological cancer patients with the SARS-CoV-2

infection are lacking. A meta-analysis combines and

appraises the available data from different sources to answer

a specific research question. 26 Although meta-analyses usu-

ally include randomized clinical trials (RCTs) and case con-

trols to get a more precise assessment on the effect of a

treatment or a disease risk factor, they have also been exten-

sively utilized during the COVID-19 pandemic to synthesize

the disease outcomes in different groups of individuals. 10,27

−29 Thus, this meta-analysis was carried out to evaluate the

proportion of hematological cancer patients with the SARS-

CoV-2 infection during the COVID-19 pandemic.

Method

Identification of relevant studies

Ethical approval or patient consent was not needed because this

is a meta-analysis in which all data were extracted from pub-

lished literature. We have performed a comprehensive com-

puter bibliographic search on PubMed/MEDLINE, Google Scholar,

EMBASE, Cochrane Library database, SciELO, Springer Link, Chi-

nese Biomedical Database (CBD), China National Knowledge

Infrastructure (CNKI) platforms, VIP, Chinese literature (Wan

Fang) and China Science and Technology Journal database and

Egyptian Knowledge Bank (EKB) Journals to identify all relevant

studies concerning the proportion of the SARS-CoV-2 infection

in patients with lung cancer published up to January31, 2021.

We used the combination of the following search terms and

keywords: (‘’Coronavirus Disease 2019’’ OR ‘’COVID-19’’ OR

‘’Severe Acute Respiratory Syndrome Coronavirus 2’’ OR ‘’SARS-

CoV-2’’) AND (‘’chronic lymphocytic leukemia’’ OR ‘’CLL’’ OR

‘’multiple myeloma’’ OR ‘’MM’’ OR ‘’non-Hodgkin lymphoma’’

OR ‘’NHL’’ OR ‘’acute lymphoblastic leukemia’’ OR ‘’ALL’’ OR

‘’acute myeloid leukemia’’ OR ‘’AML’’ OR ‘’chronic myeloid leu-

kemia’’ OR ‘’CML’’ OR ‘’Hodgkin lymphoma’’ OR ‘’HL’’) AND

(‘’Pediatrics’’ OR ‘’Children’’ OR ‘’Adults’’ OR ‘’Female’’ OR

‘’Male’’). We restricted our search to pediatric and adult patients.

The search was limited to English, Farsi and Chinese languages.

Moreover, a manual search in all references of retrieved articles

and reviews was carried out for more relevant articles.

Inclusion and exclusion criteria

The following inclusion criteria were used to select litera-

tures for the meta-analysis: 1) consecutive case-series,

case-control and cohort studies; 2) studies on COVID-19

prevalence in cancer patients with the SARS-CoV-2 infec-

tion, and; 3) sufficient data were presented to calculate the

odds ratio (OR) with a 95% confidence interval (CI). The fol-

lowing exclusion criteria were used: 1) studies on only

hematological cancers; 2) usable data not reported; 3) case

only studies and non-consecutive case series; 4) in vitro

studies; 5) studies with no available data and no contact

with the authors; 6) posters, abstracts, letters, conference

papers, non-standard data presentation, reviews and

meta-analyses, and; 7) duplicate publications.

Data extraction

Two authors independently performed the publication search

in the database. Subsequently, they reviewed the titles and

abstracts of the selected studies in the primary search and

extracted the necessary data into a form. When the authors

were not in agreement, a third author was involved to reach

an agreement. For each study, the following data ere

extracted: first author's name, year of publication, country or

region, ethnicity (the ethnicity was classified as Caucasian,
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Asian, African or mixed population), total numbers of infected

cancer patients with the SARS-CoV-2 infection, age (mean

and range), female/male ratio, number of hematological can-

cer patients with the SARS-CoV-2 infection and cancer treat-

ment in total cases (surgical, radiotherapy, chemotherapy,

targeted therapy and immunotherapy). If a duplicate publica-

tion or the same population (obvious overlap) was found in

the primary literature search, the article with the larger sam-

ple size was selected for further analysis. The corresponding

author for additional information, if the essential data was

found to be incomplete, was contacted by email or telephone

for any missing data.

Quality assessment

Before the inclusion of selected studies in the meta-analysis,

the methodological quality of the selected studies in the

meta-analysis was performed using the Newcastle-Ottawa

scale (NOS). The NOS ranges from zero to nine stars selection

of patients (4 points), comparability of the groups (2 points)

and ascertainment of exposure (3 points). Each selected study

was interpreted to be of low quality (for scores ≤ 4), moderate

quality (for scores 5 - 6) or high quality (for scores ≥ 7). Two

authors assessed the quality of included studies indepen-

dently and all disagreements were resolved by discussion or

by consulting a third party.

Data synthesis

The proportion of hematological cancer patients with the

SARS-CoV-2 infection was assessed using odds ratios (ORs)

with 95% confidence intervals (CIs) based on the COVID-19

infection between total cancer patients and hematological

cancer patients. The Z-test was employed to assess the

Figure 1 –Flowchart of literature search and selection process in the meta-analysis.
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Table 1 – Main characteristics of the included studies in the meta-analysis.

First Author/
Year

Country
(Ethnicity)

Sample Size** Age (range) F/M HC Cancer treatment in total cases NOS

Surgery Radiotherapy Chemotherapy Targeted therapy Immunotherapy

Yang et al., 2020 China (Asian) 205 63(56-70) 109/96 22 4(2.0) 9(4.4) 31(15.1) 12(5.9) 4(2.0) 8

Tian et al., 2020 China (Asian) 232 64(58-69) 113/119 12 197(84.9) 214(92.2) 32(13.8) 8

Liang et al., 2020 China (Asian) 18 62(56-68) 6/12 1 1(5.6) 0(0.0) 2(11.1) 2(11.1) 1(5.6) 8

Dai et al., 2020 China (Asian) 105 64(55-69) 48/57 9 8(7.6) 13 (12.4) 17(16.2) 4(3.8) 6(5.7) 8

Ali et al., 2020 Pakistan (Asian) 201 45(18−78) 115/86 33 22(10.9) 13(6.5) 146(72.6) 2(1) 0(0.0) 8

Aznab et al.,

2020

Iran (Asian) 161 NA NA 64 NA NA NA NA NA 6

Kuderer et al.,

2020

Caucasian* 928 66(57-76) 412/516 167 32(3.4) 12(1.3) 160(17.2) 75(8.1) 38(4.1) 9

Lee et al., 2020 UK (Caucasian) 800 69(59-76) 349/449 169 29(3.6) 76(9.5) 281(35.1) 72(9.0) 44(5.5) 9

Russeli et al.,

2020

UK (Caucasian) 156 65 66/90 28 NA NA 45(55.6) 5(6.2) 7(8.6) 7

Bhogal et al.,

2021

UK (Caucasian) 179 72(61-81) 74/105 52 39(21.8) 34(19.0) 117(65.4) 8

Barlesi et al.,

2020

France

(Caucasian)

137 61(21-90) 79/58 24 0(0.0) 0(0.0) 48(35.0) 18(13.1) 12(8.8) 8

Albiges et al.,

2020

France

(Caucasian)

178 60(52-71) 102/76 30 NA NA NA NA NA 6

Mehta et al.,

2020

USA (Caucasian) 218 69(10-92) 91/127 54 0(0.0) 49(22.5) 42(19.3) 0(0.0) 5(2.3) 8

Elkrief et al.,

2020

Canada

(Caucasian)

252 73(4-95) 125/127 20 NA NA NA NA NA 6

NA: Not Available; F/M: Female/Male; HC: Hematological Cancer; NOS: Newcastle-Ottawa Scale.

* Europe, USA, Asia;

** All cancer cases with SARS-CoV-2 Infection.
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significance of pooled ORs, in which p < 0.05 was defined

as the significance threshold. We utilized the I2 statistics

(range of 0 to 100%; I2 = 0 - 25%, no heterogeneity; I2 = 25 -

50%, moderate heterogeneity; I2 = 50 −75%, large heteroge-

neity; I2 = 75 - 100%, extreme heterogeneity) and the x2

based Q-statistic (p ≤ 0.10) to assess between-study hetero-

geneities. If between-study heterogeneity existed statisti-

cally, a random effect model (DerSimonian and Laird

method) was adopted. Otherwise, a fixed-effect model

(Mantel-Haenszel method) was used to combine the

pooled data in the absence of heterogeneity. Stratified

analysis was performed based on by ethnicity and country

of origin to evaluate ethnic-specific results. A visual

inspection of the funnel plot was used to assess whether

our combined results could have been influenced by publi-

cation biases. Moreover, Egger’s test was performed to

assess the publication bias statistically, in which p < 0.05

was considered statistically significant. If the publication

bias tests indicated bias existed, the Duval and Tweedie

‘‘trim and fill’’ method was used to adjust the bias. In the

current meta-analysis, the Comprehensive Meta-Analysis

(CMA) software version 2.0 (Biostat, USA) was used to com-

bine the results of single studies and calculations of all the

statistical analyses.

Results

Characteristics of eligible studies

As shown in Figure 1, our initial search yielded 593 studies

retrieved through the publication search. After removing

duplicated studies, 341 studies were remained for further

assessment. Subsequently, 268 studies were excluded after

assessment of the titles and abstracts. In sequence, 59 studies

were excluded because of not reporting useful data for the

analysis, reviews, case reports, non-consecutive or case

series, or were on only hematological cancers and we failed to

contact their corresponding authors. Finally, a total of 14

studies 12,14,36−39,15,20,30−35 with a total 3,770 infected cancer

Table 2 – Summary estimates for proportion of hematological cancer patients with SARS-CoV-2 Infection.

Subgroup Type of
Model

Heterogeneity Odds Ratio Publication Bias

I2 (%) PH OR 95% CI Ztest POR PBeggs PEggers

Overall Random 89.33 ≤ 0.001 0.165 0.130-0.208 -11.146 ≤ 0.001 0.028 0.141

Ethnicity

Caucasian Random 81.42 ≤ 0.001 0.188 0.154-0.227 -11.949 ≤ 0.001 0.536 0.559

Asian Random 94.02 ≤ 0.001 0.124 0.057-0.250 -4.481 ≤ 0.001 0.452 0.191

Country of origin

UK Random 71.26 0.031 0.225 0.175-0.285 -7.690 ≤ 0.001 1.000 0.872

France Fixed 0.00 0.877 0.171 0.134-0.217 -10.537 ≤ 0.001 NA NA

China Fixed 35.95 0.195 0.082 0.062-0.109 -15.278 ≤ 0.001 0.734 0.603

NA: Not Applicable.

Figure 2 –Forest plot for proportion of hematological cancer patients with SARS-CoV-2 infection during the COVID-19 pan-

demic in overall population.

hematol transfus cell ther. 2022;44(2):225−234 229



patients and 685 hematological cancer cases with COVID-19

were ultimately found to be eligible for inclusion. The main

characteristics of the selected studies are presented in Table 1.

All of the included articles were written in English and pub-

lished between 2020 and 2021. The sample size of all infected

cancer patients ranged from 18 to 928 and 1 to 169 for hema-

tological cancer patients. The study patients were from the

China, France, United States, United Kingdom, Canada, Iran

and Pakistan. Of them, eight studies were performed among

Caucasians (with 2,848 all cancer patients and 544 hematolog-

ical cancer patients) and six studies among Asians (with 922

all cancer patients and 141 hematological cancer patients). As

shown in Table 1, quality scores ranged from 6 to 9, indicating

that all included studies had high-quality scores.

Quantitative data synthesis

The pooled data on the proportion of hematological cancer

patients with the SARS-CoV-2 infection are shown in Table 2.

The I2 and the Q-statistic tests showed that there was a signif-

icant heterogeneity. Thus, a random effect model (DerSimo-

nian and Laird method) was used to assess the proportion of

hematological cancer patients with the SARS-CoV-2 infection.

When all eligible studies were included, the pooled data

revealed that the proportion of infected hematological cancer

patients during the COVID-19 pandemic was 16.5% (95% CI

0.130 - 0.208, p ≤ 0.001, Figure 2) globally. Moreover, a stratified

analysis by ethnicity and country of origin was performed.

The subgroup analysis by ethnicity showed that the propor-

tion of hematological cancer patients with the SARS-CoV-2

infection was 18.8% (95% CI 0.154 - 0.227, p ≤ 0.001, Figure 3A)

in Caucasian and 12.4% in Asian (95% CI 0.057 - 0.250, p ≤

0.001, Figure 3B), respectively. Moreover, the subgroup analy-

sis by country of origin revealed that the proportion of

infected hematological cancer patients was highest in the

United Kingdom (22.5%, 95% CI 0.175 - 0.285, Figure 4A), fol-

lowed by France (17.1%, 95% CI 0.134 - 0.217, Figure 4B) and

China (8.2%, 95% CI 0.062 - 0.109, Figure 4C), respectively.

Heterogeneity test

In the current meta-analysis, there was statistically signifi-

cant heterogeneity (I2 = 89.33%, p ≤ 0.001) in the global popula-

tion (Table 2). Therefore, subgroup analyses by ethnicity

(Asian and Caucasian) and country of origin (UK, France and

China) were performed to evaluate the source of heterogene-

ity. The subgroup analyses revealed that the heterogeneity

was not reduced, or did not disappear, by ethnicity. However,

Figure 3 –Forest plot for proportion of hematological cancer patients with SARS-CoV-2 infection during the COVID-19 pan-

demic in by ethnicity. A: Caucasian; and B: Asian.
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the heterogeneity was reduced in the Chinese (I2 = 35.95 and

PH = 0.195) and was also dispersed in the French (I2 = 0.00 and

PH = 0.877) hematological cancer patients with the SARS-CoV-

2 infection, which indicated that the country of origin might

be the source of heterogeneity in our pooled data.

Sensitivity analysis

It is defined that the sensitivity analysis is a repeat of a meta-

analysis to substitute alternative ranges of values for results

that were arbitrary or unclear. Thus, in the current meta-

analysis, a sensitivity analysis, by omitting each individual

study at any time, was performed to assess the influence of a

single study on the pooled ORs by repeating the meta-analy-

sis. The sensitivity analysis results revealed that our pooled

data did not change via omitting each single study. The

results were also achieved by excluding a study 34 that

focused on European, North American (USA) and Asian

(mixed population) hematological cancer patients with the

SARS-CoV-2 infection, indicating that our combined data

were statistically reliable.

Publication bias

The publication bias is the well-known major problem in a

meta-analysis, which exists when the selected studies differ

systematically from all studies that should have been

selected. In this meta-analysis, both the Egger’s test and

Begg’s test were performed to assess the potential publication

bias in the literature. The shapes of the Begg’s funnel plot and

the Egger’s test revealed that there was an evidence of publi-

cation bias in the overall population (PBegg’s = 0.028;

Figure 4 –Forest plot for proportion of hematological cancer patients with SARS-CoV-2 infection during the COVID-19 pan-

demic in by country of origin. A: UK; B: France; and C: China.
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PEgger’s = 0.141). Thus, the Duval and Tweedie ‘‘trim and fill’’

method was utilized to adjust the publication bias in the over-

all population in the hematological cancer patients with the

SARS-CoV-2 infection. As shown in Figure 5, the funnel plot of

the trim and fill method did not change visually, indicating

that the combined pooled ORs are reliable.

Discussion

Cancer is one of the main leading causes of death worldwide,

representing an estimated 9.6 million deaths in 2018. 40−43

Cancer patients with a weak or suppressed immune system

have a higher risk of experiencing infection with COVID-19,

increased complications and higher mortality. 21 In the cur-

rent meta-analysis, we assessed the proportion of hematolog-

ical cancer patients with the SARS-CoV-2 infection during the

COVID-19 pandemic. This meta-analysis was the first meta-

analysis to date on the proportion of hematological cancer

patients with the SARS-CoV-2 infection, incorporating data

from 685 hematological cancer patients on three continents.

To gain the true proportion of hematological cancer patients

with the SARS-CoV-2 infection, it will be important for studies

to collect data from consecutive case series and case-control

studies on all cancer patients. Our pooled analysis showed

that the proportion of hematological cancer patients with the

SARS-CoV-2 infection during the COVID-19 pandemic was

16.5% in the overall population. Stratified analysis by ethnic-

ity revealed that the proportions of Caucasian and Asian

hematological cancer patients with the SARS-CoV-2 infection

were 18.8% and 12.4%, respectively. Moreover, a subgroup

analysis by country of origin indicated that the proportion of

hematological cancer patients with the SARS-CoV-2 infection

was highest in the United Kingdom (22.5%), followed by

France (17.1%) and China (8.2%), respectively.

A retrospective study at a referral hematologic center in

Rome, Italy reported that the prevalence of the SARS-CoV-2

infection in hematological cancer patients was 0.24% (95% CI

0.23 − 0.25), compared to 0.12% in the general population. The

study revealed that the prevalence of the SARS-CoV-2 infection

in hematological cancer patients was not significantly higher

than that of the general population. 44 Desai et al., in a meta-

analysis based on eleven studies, found that the cancer preva-

lence in people with the SARS-CoV-2 infection was 2.0%. 18

Liang et al., in a nationwide analysis in China based on 1,590

infected cases, found that the prevalence of cancer patients

with the SARS-CoV-2 infection was 1% (95% CI, 0.61% - 1.65%),

which was higher than the overall cancer incidence of 0.29% in

China. Moreover, their report showed a higher risk of clinically

severe events for patients who had undergone chemotherapy

or surgery in the past month. 15 García-Su�arez et al., in a popu-

lation-based registry study based on 697 hematological cancer

patients with the SARS-CoV-2 infection, showed those patients

had threefold−fourfold higher rates of severe/critical disease

and mortality rate, compared to infected patients in the general

population. 19 They reported that was the highest mortality

rates were in patients with AML (44%), followed by myelodys-

plastic syndrome (42%), Ph-negative myeloproliferative neo-

plasms (MPNs) (19%) and CML (13%). Moreover, their results

indicated that the rates of severe/critical COVID-19 and mortal-

ity in hematological cancer patients with the SARS-CoV-2

infection were higher than those reported for infected solid

cancer patients. 19,20 An Italian study showed that the clinical

course of the SARS-CoV-2 infection in pediatric oncology

Figure 5 –The funnel plots of publication bias for proportion of hematological cancer patients with SARS-CoV-2 infection dur-

ing the COVID-19 pandemic in overall population. ‘’Blue’’without and ‘’Red’’with the Duval and Tweedie ‘‘trim and fill’’

method.
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patients was milder than that in adults with cancer and that

pediatric patients did not need unnecessary treatments for

SARS-CoV-2. 45 Vijenthira et al., in a meta-analysis based on 38

studies with 3,240 patients, reported that the risk of death

among adult patients with hematologic malignancies with the

SARS-CoV-2 infection was 34% (95% CI 28 - 39), while in pediat-

ric patients, it was 4% (95% CI 1-9). 22

The results of the current meta-analysis should be evalu-

ated with caution in view of the following considerations. First,

in the current study, only studies published in English or Chi-

nese languages were included, which might cause potential

selection bias. Second, the limited numbers of hematological

cancer patients with the SARS-CoV-2 infection by ethnicity

might cause insufficient statistical power to estimate the pro-

portion. Third, in this current meta-analysis, only studies

among Asian and Caucasian patients were included, which

may have caused an ethnicity bias and a difficulty in evaluating

the proportion of hematological cancer patients with the SARS-

CoV-2 infection in other ethnicities, such as Africans and mixed

populations (Latin-American). Finally, the proportion of the

assessment of the SARS-CoV-2 infection in hematological can-

cer patients was based on unadjusted estimates, whereas sev-

eral important confounding factors, such as gender, age, type

of hematological cancer and treatment regimen, were not con-

sidered in the stratified analysis due to the lack of original data.

Conclusion

This meta-analysis result indicated that the proportion of

hematological cancer patients with the SARS-CoV-2 infection

during the COVID-19 pandemic was 16.5%. Stratified analysis

by ethnicity showed that the proportion was 18.8% and 12.4%

in Caucasian and Asian hematological cancer patients with

COVID-19, respectively. Moreover, the subgroup analysis by

country of origin showed that the proportion was the highest

in the United Kingdom (22.5%), followed by France (17.1%)

and China (8.2%). Further larger sample sizes and multicenter

studies among different ethnic groups are necessary to obtain

a better assessment of the proportion.
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