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Abstract. - OBJECTIVE: Hematologic can-
cer patients with Coronavirus Disease 2019
(COVID-19) tend to have a more serious disease
course than observed in the general population.
Herein, we comprehensively reviewed existing
literature and analyzed clinical characteristics
and mortality of patients with hematologic ma-
lignancies and COVID-19.

MATERIALS AND METHODS: Through search-
ing PubMed until June 03, 2020, we identified 16
relevant case studies (33 cases) from a total of
45 studies that have reported on patients with
COVID-19 and hematologic malignancies. We in-
vestigated the clinical and laboratory charac-
teristics including type of hematologic malig-
nancies, initial symptoms, laboratory findings,
and clinical outcomes. Then, we compared those
characteristics and outcomes of patients with
hematologic malignancies and COVID-19 to the
general population infected with COVID-19.

RESULTS: The median age was 66-year-old.
Chronic lymphocytic leukemia was the most
common type of hematologic malignancy
(39.4%). Fever was the most common symp-
tom (75.9%). Most patients had normal leuko-
cyte counts (55.6%), lymphocytosis (45.4%), and
normal platelet counts (68.8%). In comparison
to patients with COVID-19 without underlying
hematologic malignancies, dyspnea was more

prevalent (45.0 vs. 24.9%, p=0.025). Leukocyto-
sis (38.9 vs. 9.8%, p=0.001), lymphocytosis (45.4
vs. 8.2%, p=0.001), and thrombocytopenia (31.3
vs. 11.4%, p=0.036) were significantly more prev-
alent and lymphopenia (18.2 vs. 57.4%, p=0.012)
less prevalent in patients with hematologic ma-
lignancies. There were no clinical and labora-
tory characteristics predicting mortality in pa-
tients with hematologic malignancies. Mortali-
ty was much higher in patients with hematolog-
ic malignancies compared to those without this
condition (40.0 vs. 3.6%, p<0.001).

CONCLUSIONS: Co-occurrence of hematolog-
ic malignancies and COVID-19 is rare. However,
due to the high mortality rate from COVID-19 in
this vulnerable population, further investigation
on tailored treatment and management is re-
quired.
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Introduction

The novel coronavirus known as severe
acute respiratory syndrome coronavirus 2
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(SARS-CoV-2), causing coronavirus disease-19
(COVID-19), has been rapidly spreading
throughout the world since the first local out-
break in December 2019. While many peo-
ple with COVID-19 are asymptomatic or only
have cold symptoms, such as fever and cough,
some have severe clinical manifestations such
as dyspnea, respiratory failure, and multiple or-
gan failure, leading to death'. Several studies*
have suggested that this vulnerability to severe
COVID-19 is associated with problems with
genetic or type-1 interferons responses. Nev-
ertheless, many studies have still reported that
older patients generally have poor prognosis in
the clinical course of COVID-19%.

Guan et al® have revealed that COVID-19 pa-
tients with comorbidities have also poor clinical
outcomes. Patients with hypertension, diabetes
mellitus, and chronic obstructive pulmonary dis-
ease had a higher risk of exacerbation, and those
with cardiovascular disease and cerebrovascular
disease had more severe COVID-19 (i.e., admis-
sion to the intensive care unit requiring mechani-
cal ventilation, or death®).

Cancer is rare but a clinically important co-
morbidity among COVID-19 patients as those
with cancer are more vulnerable to infection
due to their systemic immunosuppressive state
caused by malignancy itself or anticancer treat-
ments’. Liang et al® have emphasized that can-
cer patients with COVID-19 have a higher risk
of severe events and higher mortality than indi-
viduals without cancer. However, to our knowl-
edge, previous meta-analyses on cancer and
COVID-19 mainly focused on solid tumors, not
hematologic malignancies. Only few studies®!’
have been reported on patients with hemato-
logic malignancies and these have been limited
by a small number of cases. Due to the immu-
nodeficiency state of patients with hematologic
malignancies such as leukemia, lymphoma, and
multiple myeloma'', more research is needed to
evaluate the clinical relationship between he-
matologic malignancies and COVID-19. To the
best of our knowledge, there have been no com-
prehensive analyses of clinical characteristics
and mortality in hematologic cancer patients
with COVID-19. In this study, we aim to ana-
lyze the clinical and laboratory characteristics
comprehensively, and mortality from existing
case reports of hematologic malignancies with
COVID-19, and to show the differences be-
tween patients with COVID-19 without hema-
tologic malignancies for the first time.

Materials and Methods

Search Strategy

We searched PubMed for case reports and
series of COVID-19 patients with concomitant
hematologic malignancies, including leukemia,
lymphoma, and multiple myeloma, published
until June 03, 2020. The search terms were as
follows: (“COVID-19” OR “SARS-CoV-2” OR
“2019-nCoV” OR “novel coronavirus 2019”)
AND (“leukemia” OR “lymphoma” OR “multi-
ple myeloma”). Two of the authors (GEK and SK)
screened the titles, abstracts, and full texts of the
articles.

We included the following studies: (1) pa-
tients with laboratory or clinically confirmed
COVID-19; (2) described concomitant hemato-
logic malignancy in infected patients. The ex-
clusion criteria were as follows: (1) studies not
related to COVID-19 infection and hematolog-
ic malignancies; (2) review articles, protocols,
guidelines, consensus, and comments; (3) full
text of the article is inaccessible. Two reviewers
(GEK and SK) separately executed the initial
search, which yielded 45 articles published until
June 03, 2020. This systematic review is report-
ed following the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Anal-
yses) statement'?. We excluded 29 articles after
reviewing the abstracts and full texts according
to the exclusion criteria stated above: 3 were
irrelevant, 10 were review articles, 13 were
recommendations, and 2 were inaccessible. Fi-
nally, 16 articles that met the inclusion criteria
for this systematic review were identified (a
total of 33 cases). The detailed process of article
selection is presented in Figure 1.

Data Extraction

From the 16 articles, two reviewers (GEK and
SK) separately screened the titles, abstracts, and
full texts to determine if they met the inclusion
criteria. Then, two reviewers (GEK and SK) ex-
tracted the data independently and organized the
information as follows: 1) study characteristics
(journal title, author names, year of publication),
2) population characteristics (patient age and
sex, concomitant hematologic malignancies), 3)
variables of interest (initial symptoms, laboratory
findings, and clinical outcomes).

Data Analysis

The data extracted from the articles are
presented in Supplementary Table 1. We or-


https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-10086.pdf

J.S. Kim, K.H. Lee, G.E. Kim, S. Kim, J.W. Yang, et al

45 articles reviewed by title screening

11 articles were excluded
2 were reviews
9 were dati

34 articles reviewed by abstract screening

8 articles were excluded
4 were reviews
4 were recommendations

26 articles reviewed by full text screening

10 articles were excluded
4 were review
2 were i i
1 was a recommendation
3 was irrelevant

16 eligible articles (33 cases)

on patients with leukemia, lymphoma, multiple
myeloma who contract COVID-19

until June 3%, 2020

Figure 1. Flow chart of literature search.

ganized the information, including the patient
age and sex, concomitant hematologic malig-
nancies, initial symptoms, laboratory findings,
and clinical outcomes. Then, we compared the
clinical characteristics and mortality of pa-
tients with hematologic malignancies and the
general population infected with COVID-19%.
We used the y? test or Fisher’s exact test as a
statistical method, Graphpad InStat 3 was used
for statistical analyses.

Results

Baseline Characteristics of Patients
with Hematologic Malignancies and
CcoVID-19

In our study, 16 eligible articles were retrieved
by the literature search, from which 33 cases of
hematologic malignancies and COVID-19 were
collected. The median age was 66 years. Eighteen
male patients (54.5%) and 15 females (45.5%)
were included (Table I). Chronic lymphocytic
leukemia (CLL) was the most common type of
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hematologic malignancy (39.4%), followed by
multiple myeloma (MM) (33.3%). Others were
acute lymphoblastic leukemia, acute myeloid leu-
kemia, chronic myeloid leukemia, non-Hodgkin
lymphoma, and Hodgkin lymphoma, all disease
entities with fewer than 4 patients (Table I).

Initial Symptoms and Laboratory
Features of Patients with Hematologic
Malignancies and COVID-19

The most common symptoms were fever
(75.9%), similar to that in patients without he-
matologic malignancies (83.3%). Next, cough
was common (65.5%), followed by dyspnea
(45.0%) and sore throat (14.0%) (Table II). In
laboratory tests, a large proportion of patients
had normal white blood cell counts (55.6%) and
lymphocytosis (45.4%). Normal platelet counts
were present in 68.8%. Nevertheless, most pa-
tients showed elevated levels of C-reactive pro-
tein (86.4%) (Table III).

Table I. Baseline characteristics of patients with hematologic
malignancies and COVID-19.

Age No. patients (%)

(years) (N = 33)
<10 1(3.0)
10-29 2 (6.1)
30-49 3.0
50-59 4(12.1)
60-69 8(24.2)
70-79 10 (30.3)
>80 5(15.2)
Median (min, max) 66 (4, 88)
Sex
Male 18 (54.5)
Female 15 (45.5)
Types
CLL 13 (39.4)
MM 11 (33.3)
NHL 309.1)
ALL 2 (6.1)
AML 2 (6.1)
CML 1(3.0)
HL 1(3.0)

CLL: chronic lymphocytic leukemia, MM: multiple myelo-
ma, NHL: non-Hodgkin lymphoma, ALL: acute lymphoblas-
tic leukemia, AML: acute myeloid leukemia, CML: chronic
myeloid leukemia, HL: Hodgkin lymphoma.
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Table IlI. Initial symptoms and comparisons between recovery and death groups in patients with hematologic malignancies and

COVID-19.
Symptoms (N = 29) Recovery (N = 15) Death (N = 11)
No. (%) No. (%) No. (%) p-value
Fever 22 (75.9) 12 (80.0) 9 (81.8) 1.000
Cough 19 (65.5) 11 (73.3) 5(45.5) 0.228
Dyspnea 13 (45.0) 5(33.3) 7 (63.6) 0.232
Sore throat 4 (14.0) 3(20.0) 1(9.1) 0.613
Others* 13 (45.0) - - -

*chest tightness (n=1), fatigue (n=8), epistaxis (n=1), chills (n=1), abdominal pain (n=1), vomiting (n=1), nausea (n=1), diarrhea

(n=1), body aches (n=1), coryzal symptoms (n=1), ageusia (n=1), anosmia (n=1).

Comparisons of Clinical Characteristics
According to Clinical Outcome of
Patients with Hematologic Malignancies
and COVID-19

Out of a total of 30 cases, excluding 3 cases
that did not report clinical outcomes, 12 deaths
were observed which corresponds to a fatality
rate of 40%, while the other 18 patients recov-
ered from COVID-19. The recovery rate was
60% (18 out of a total of 30 patients). In com-
parison with clinical characteristics according

to clinical outcomes, there were no significant
differences between recovery and death groups
(Table II and IIT).

Comparisons of Clinical Characteristics
between COVID-19 Patients with and
without Hematologic Malignancies

The median age of patients from the case
studies reporting hematologic malignancies and
COVID-19 was 66 years (min 4, max 88), and
thus, older than that of patients without hema-

Table Ill. Laboratory findings and comparisons between recovery and death groups in patients with hematologic malignancies

and COVID-19.

Laboratory findings Recovery Death
No. (%) No. (%) No. (%) p-value

WBC count N=18 N=9 N=8
Leukocytosis (> 15 000/uL) 7 (38.9) 2(22.2) 5(62.5) 0.153
Leukopenia (< 4 000/uL) 1(5.5) 0(0.0) 1(12.5) 0.470
Abnormal (> 15 000 or <4 000/uL) 8 (44.4) 2(22.2) 6 (75) 0.056
Normal (4 000-15 000/uL) 10 (55.6) 7(77.8) 2(25) 0.056
Lymphocyte count N=11 N=4 N=6
Lymphocytosis (> 4 800/uL) 5@45.4) 1(25) 4 (66.6) 0.523
Lymphopenia (< 1 000/uL) 2(18.2) 1(25) 1(16.7) 1.000
Abnormal (>4 800 or <1 000/uL) 7 (63.6) 2 (50) 5(83.3) 0.500
Normal (1 000-4 800/uL) 4 (36.4) 2 (50) 1 (16.7) 0.500
Platelet count N=16 N=8 N=7
Thrombocytopenia (< 150 000/uL) 5(31.2) 2 (25) 2 (28.6) 1.000
Normal (150 000-450 000/pL) 11 (68.8) 6 (75) 5(71.4) 1.000
CRP N=22 N=13 N=7
Elevated (> 8 mg/L) 19 (86.4) 11 (84.6) 6 (85.7) 1.000
Normal (< 8 mg/L) 3 (13.6) 2(15.4) 1(14.3) 1.000

WBC: white blood cell, CRP: C-reactive protein.
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tologic malignancies (median 41, min 39, max
72). The proportion of initial symptoms were
comparable, but dyspnea was significantly more
frequently reported in patients with hematologic
malignancies (45.0 vs. 24.9%, p=0.025) (Table
IV). Among laboratory tests, leukocytosis (38.9
vs. 9.8%, p=0.001), lymphocytosis (45.4 vs. 8.2%,
p=0.001), and thrombocytopenia (31.3 vs. 11.4%,
p=0.036) were more frequent in patients with
hematologic malignancies, while lymphopenia
(18.2 vs. 57.4%, p=0.012) was significantly less
frequent (Table IV). Among clinical outcomes,
the mortality rate of patients with hematologic
malignancies contracting COVID-19 was signifi-
cantly higher (40.0 vs. 3.6%, p<0.001) (Table IV).

Discussion

Older age and comorbid diseases such as dia-
betes, chronic pulmonary disease, and cardiovas-
cular disease are important risk factors for poor
outcomes of COVID-19%*!15, Malignancies are al-
so considered a risk factor for severe COVID-193,
but the true impact appears to be hidden due to
low prevalence. According to epidemiologic stud-
ies of COVID-19, the prevalence of malignancy
was estimated to be about 1~2%'6®, with the
most common malignancy being lung cancer®.
In the COVID-19 pandemic, cancer patients have
several important issues. The first issue is the im-
munosuppressive state of cancer patients. Cancer
patients have a significantly lower level of immu-

nity due to the malignancy itself or chemother-
apy''. They are vulnerable to infection and have
a worse COVID-19 disease course and a higher
mortality rate. The second issue is that cancer
patients are often missing the scheduled treat-
ment approaches due to the risk of COVID-19'.
They often cannot receive proper treatments be-
cause of limited medical resources focused on the
COVID-19 pandemic, and deliberately delay the
treatment plan due to increased risk of COVID-19
by chemotherapy”®. Ultimately, cancer patients
comprise a very small proportion of COVID-19
cases, but in reality, they are at high risk, so spe-
cial attention is required.

Hematologic malignancy has many clinical
issues in the COVID-19 pandemic'®2*2?, Unlike
solid tumors, hematologic malignancy has more
direct and negative effects on immunity as nor-
mal immune cells, which form the basic immune
system, are replaced or inhibited by non-func-
tional tumor cells!!. The immune dysfunction
increases susceptibility to COVID-19 and makes
the clinical course serious in hematologic cancer
patients’. In addition, the treatments of hema-
tologic malignancies include a variety of potent
immunosuppression, including hematopoietic
stem cell transplantation. As a result, many he-
matologic cancer patients are forced to postpone
timely treatment in the COVID-19 pandemic?*.

In our study, the most common hematologic
malignancy was CLL, followed by MM. The
two diseases accounted for more than two-
thirds of hematologic malignancies. In contrast,

Table IV. Comparisons of clinical and laboratory features with the patients without hematologic malignancies

Patients with (N = 33) vs. without (N = 3600)

Initial symptoms hematologic malignancies (%) p-value
Fever 75.9 vs. 83.3 0.412
Cough 65.5 vs. 60.3 0.704
Dyspnea 45.0 vs. 24.9 0.025*
Sore throat 14.0 vs. 12.3 0.810
Laboratory findings
Leukocytosis 38.9 vs. 9.8 0.001*
Leukopenia 5.6 vs. 20.1 0.214
Lymphocytosis 454 vs. 8.2 0.001*
Lymphopenia 18.2 vs. 57.4 0.012*
Thrombocytopenia 313 vs. 11.4 0.036*
Elevated CRP 86.4 vs. 68.6 0.102
Mortality
Death 40.0 vs. 3.6 <0.001*

CRP: C-reactive protein, *p<0.05.
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one recent retrospective study of 39 patients
with hematologic malignancies and COVID-19
reported lymphoma as the most common tu-
mor*, However, we believe that the study has
a limitation as a single center retrospective
study in which the conclusions are not general.
According to the Haematological Malignancy
Research Network, which is a United Kingdom
population-based patient cohort, CLL, and MM
in the general population also show a higher
prevalence compared to other types®. Thus,
the high prevalence of CLL and MM among
patients with COVID-19 seems to be attributed
to such a pattern of prevalence in the general
population. In particular, it is noteworthy that
lymphoma has a high prevalence in the general
population, while a few cases with COVID-19
have been reported to date. Drawing conclusions
on these preliminary reports is speculative, but
we assume that the difference of negative effects
on immunity according to the type of disease
between leukemia and lymphoma may result in
the difference of reported cases.

In patients with hematologic malignancies and
COVID-19, the proportion of mild symptoms, such
as fever, cough, and sore throat did not differ
from the reported frequency in without hemato-
logic malignancies. However, patients with hema-
tologic malignancies had a larger proportion of
dyspnea, suggesting that this patient group may
have a more serious clinical course of COVID-19.
Chen et al*® demonstrated that various hemato-
logic indices predict in-hospital death of a person
with COVID-19. In this study, a specific range
of the neutrophil-to-lymphocyte ratio, a decrease
in platelet count, an increase in activated partial
thromboplastin time, and D-dimer were associat-
ed with increased in-hospital death. In our study,
hematologic cancer patients had high rates of
leukocytosis and lymphocytosis, while a low rate
of lymphopenia was observed. The findings, such
as leukocytosis and lymphocytosis, are thought to
reflect essential clinical features of abnormal pro-
liferation of lymphoid and myeloid tumor cells in
hematologic malignancies. Jin et al' emphasized
that attention should be paid to the possibility
that such laboratory features in hematologic ma-
lignancies may cause misdiagnosis by masking
COVID-19, as continuous hematologic test ab-
normalities erase doubts about abnormal results
caused by infection. Lymphopenia is a typical
finding of COVID-19'"*8 and lymphopenia is re-
lated with a severe disease course and a potential
predictor of poor prognosis*”*. However, absence

of lymphopenia should not be considered as a sign
of a mild disease form in patients with hemato-
logic malignancies. Thrombocytopenia is usually
accompanied by diffuse intravascular coagulation
and represents a serious condition in systemic
infection. Thus, the high proportion of thrombocy-
topenia in patients with hematologic malignancies
is in line with a severe form of COVID-19. Taken
together, the laboratory constellation might be mis-
leading as patients with hematologic malignancies
have typically leukocytosis and do not necessarily
present with lymphopenia. We argue that moni-
toring the platelet count may be more informative
about disease severity. This, however, needs to be
observed in larger studies, which can be expected
in the near future.

Our study indicated the very high mortality
of the patients with hematologic malignancies
compared to those without them, while there
were no clinical and laboratory characteristics
that were associated with clinical outcome. In
this respect, a recent retrospective cohort study
that involved a total of 536 patients with hemato-
logic malignancies contracting COVID-19 from
66 hematology units, still showed the high stan-
dardized mortality ratio when compared with
general population with COVID-19 as our study
results. Moreover, the study demonstrated that
older age, progressive disease, acute myeloid
leukemia, non-Hodgkin lymphoma, plasma cell
neoplasms, and severe COVID-19 predicted
poor overall survival®.

It is important to interpret findings from the
present study in light of its limitations. First,
the small number of patients with hematologic
malignancies and COVID-19 limits the general-
izability of our results. Nevertheless, we do not
believe that the number of these subjects is small
enough to reduce the credibility of the study. Oth-
er case studies except for a recent cohort study
in Italy also included a small number of patients
due to low incidence of hematologic malignancy.
In addition, a recent large scale cohort study in
Italy provided a valuable insight on risk factors
for clinical outcome, while it could not show the
details of clinical and laboratory characteristics
as case studies including ours. Another limitation
of our study is that the meta-analysis study of
COVID-19, which served as a reference group,
might include the patients with hematologic ma-
lignancies because some studies might not have
reported pre-existing severe conditions such as
hematologic malignancies. Nevertheless, in the
meta-analysis study, the inclusion rate of malig-
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nancy might be very low at 1%", and most are
thought to be solid tumors, such as lung cancer®.
Thus, it is unlikely that this limitation had a sub-
stantial impact on our presented results. Finally,
despite our efforts, some case reports are continu-
ally being added, and our analysis may be limited
in that respect. Nevertheless, our meta-analysis
provides consistent and universal results for clin-
ical characteristics by analyzing heterogeneous
individual case studies in a comprehensive way.
To the best of our knowledge, we performed for
the first time a comparative analysis with the in-
clusion of a recent meta-analysis study reporting
COVID-19 in the general population. Therefore,
we believe that our study provides meaningful re-
sults for patients with hematologic malignancies.

Conclusions

The present study shows that patients with he-
matologic malignancies are at high risk of severe
form of COVID-19, given the poor outcome of cases
reported to date. It further implies that laboratory
results, including typical leukocytosis, absence of
lymphopenia, and a higher percentage of thrombo-
cytopenia are different compared to patients without
hematologic malignancies and should be interpreted
with caution. Further studies are necessary to un-
derstand not only specific features of COVID-19 in
patients with underlying hematologic malignancies
but also to improve the survival rate of this hetero-
geneous group of patients.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Authors’ Contribution

JSK, KHL, and JIS designed this study. GEK, SK, and KHL
collected data. KHL and JSK did the analysis. GEK, SK,
and JSK wrote the draft of the manuscript. JWY, HL, SHH,
RAG, A. Kronbichler, A. Koyanagi, LJ and LS reviewed
and edited the draft. JWY, HL, SHH, RAG, A. Kronbichler,
A. Koyanagi, LJ and LS gave critical comments on the man-
uscript draft. All authors had full access to all the study da-
ta. All authors reviewed, wrote, and approved the final ver-
sion. The corresponding author, KHL and JIS had ultimate
responsibility for the decision to submit for publication.

References

1) Huang C, WANG Y, Li X, ReEN L, ZHAo J, HU Y, ZHANG
L, FAN G, Xu J, Gu X, CHENG Z, YU T, Xia H, Wa Y,

11932

4)

10)

11)

12)

13)

Wu W, Xie X, YiINW, LiH, Liu M, Xiao Y, Gao H, Guo
L, XieJ, WANG G, JIANG R, GAao Z, JIN Q, WANG J, Cao
B. Clinical features of patients infected with 2019
novel coronavirus in Wuhan, China. Lancet 2020;
395: 497-506.

THE COVID-19 Host  Genetics  INmanive.  The
COVID-19 Host Genetics Initiative, a global ini-
tiative to elucidate the role of host genetic factors
in susceptibility and severity of the SARS-CoV-2
virus pandemic. Eur J Hum Genet 2020; 28: 715-
718.

AcHarvAa D, Liu GQ, Gack MU. Dysregulation of
type | interferon responses in COVID-19. Nat Rev
Immunol 2020; 20: 397-398.

ZHou F, YU T, DuR, FaAN G, Liu Y, Liu Z, XIANG J,
WanG Y, SonGg B, Gu X, Guan L, Wel Y, LI H, Wu
X, Xu J, Tu S, ZHANG Y, CHEN H, Cao B. Clinical
course and risk factors for mortality of adult in-
patients with COVID-19 in Wuhan, China: a
retrospective cohort study. Lancet 2020; 395:
1054-1062.

GuAN W, LIANG W, ZHAo Y, LianGg H, CHEN Z, L1 Y, Liu
X, CHEN R, TANG C, WANG T, Ou C, Li L, CHEN P, SANG
L, WanGg W, Li J, Li C, Ou L, CHeNG B, XionG S, Ni Z,
XiaNG J, Hu Y, Liu L, SHAN H, Lei C, PenG Y, WEI L, Liu
Y, Hu Y, PenGg P, WANG J, LiuJ, CHEN Z, LI G, ZHENG Z,
QuS, LvoJ, YEC, ZHU S, CHENG L, YEF, Li S, ZHENG
J, ZHANG N, ZHoNG N, HEe J, oN BEHALF OF THE CHI-
NA MEDICAL TREATMENT EXPERT GRrROUP FOR COVID-19.
Comorbidity and its impact on 1590 patients with
COVID-19 in China: a nationwide analysis. Eur
Respir J 2020; 55: :2000547.

WAaNG B, Li R, Lu Z, Huang Y. Does comorbidity
increase the risk of patients with COVID-19: ev-
idence from meta-analysis. Aging (Albany NY)
2020; 12: 6049-6057.

Kameos M, Serkowitz KA. Nosocomial infections in pa-
tients with cancer. Lancet Oncol 2009; 10: 589-597.

LianGg W, Guan W, CHEN R, WanGg W, LiJ, Xu K, Li C,
Al Q, Lu W, LianGg H, Li S, He J. Cancer patients in
SARS-CoV-2 infection: a nationwide analysis in
China. Lancet Oncol 2020; 21: 335-337.

He W, CHEN L, CHEN L, YuaN G, FANG Y, CHEN W/, WU
D, LianGg B, Lu X, MAY, Li L, WanG H, CHeEN Z, Li Q,
GALE RP. COVID-19 in persons with haematologi-
cal cancers. Leukemia 2020; 34: 1637-1645.

JN X, ZHenG KI PAaN K, XiE Y, ZHeng M. COVID-19
in a patient with chronic lymphocytic leukaemia.
Lancet Haematol 2020; 7: €351-e352.

ARRUGA F, Gyau BB, IanNELLo A, VITALE N, VAisIT-
71 T, DeaGuo S. Immune response dysfunction in
chronic lymphocytic leukemia: dissecting molec-
ular mechanisms and microenvironmental condi-
tions. Int J Mol Sci 2020; 21: 1825.

MoHer D, SHAMSEER L, CLARKE M, GHERsI D, LIBERA-
T A, PETTICREW M, SHEKELLE P, STEWART LA. PRISMA-P
Grour. Preferred reporting items for systematic
review and meta-analysis protocols (PRISMA-P)
2015 statement. Syst Rev 2015; 4: 1.

Fu L, WaNG B, Yuan T, CHEN X, Ao Y, Firzratrick T, Li
P, ZHou Y, LINY, DuaNn Q, Luo G, FaN S, Lu Y, FENG A,



Hematologic malignancies in the COVID-19 pandemic era

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

ZHAN'Y, LIANG B, CAIW, ZHANG L, Du X, Li L, SHu 'Y, Zou
H. Clinical characteristics of coronavirus disease
2019 (COVID-19) in China: a systematic review and
meta-analysis. J Infect 2020; 80: 656-665.

ZHou F, Yu T, DuR, FaAN G, Lu Y, Liu Z, XIANG J,
WAaNG Y, SonGg B, Gu X, GuaN L, Wer Y, Li H, Wu X,
XuJ, TuS, ZHanG Y, CHeN H, Cao B. Clinical course
and risk factors for mortality of adult inpatients
with COVID-19 in Wuhan, China: a retrospective
cohort study. Lancet 2020; 395: 1054-1062.

CummiNGgs MJ, BALDwWIN MR, ABrams D, JacoBsoN SD,
Mever BJ, BALougH EM, AArRoN JG, CLAASSEN J, RAB-
BANI LE, HAsTiE J, HocHMAN BR, SALAZAR-ScHiccHI J, YiP
NH, Brobie D, O’'DonneLt MR. Epidemiology, clin-
ical course, and outcomes of critically ill adults
with COVID-19 in New York City: a prospective
cohort study. Lancet 2020; 395: 1763-1770.

Hu Y, Sun J, Dal Z, DenG H, LI X, HuanGg Q, WU Y,
Sun L, Xu Y. Prevalence and severity of corona vi-
rus disease 2019 (COVID-19): a systematic review
and meta-analysis. J Clin Virol 2020; 127: 104371.

RuaN Q, YanG K, WanG W, JianG L, Sona J. Clinical
predictors of mortality due to COVID-19 based on
an analysis of data of 150 patients from Wuhan,
China. Intensive Care Med 2020; 46: 846-848.

Desal A, SAcHDEVA S, ParekH T, Desai R. COVID-19
and cancer: lessons from a pooled meta-analy-
sis. JCO Glob Oncol 2020; 6: 557-559.

DroLaria B, Savani BN. How do we plan hemato-
poietic cell transplant and cellular therapy with
the looming COVID-19 threat? Br J Haematol
2020; 189: 239-240.

AL SALEH AS, SHER T, Gertz MA. Multiple myeloma
in the time of COVID-19. Acta Haematol 2020; 1-7.
doi: 10.1159/000507690. Online ahead of print.

GaviLLEr M, CArr Krappert J, Spermini O, Brum S.
Acute leukemia in the time of COVID-19. Leuk
Res 2020; 92: 106353.

PauL S, RAuscH CR, JAIN N, Kabia T, RAvanDl F, Di-
NAarDO CD, WEeLcH MA, DaBaJA BS, DAaver N, GARr-
cA-MaNero G, WiErRDA W, PEMMARAIU N, Bravo GM,
THomPsoN P, VERsTOvsEK S, KonoprLEvA M, KANTARJI-
AN H, Jaseour E. Treating leukemia in the time of
COVID-19. Acta Haematol 2020: 1-13.

Foa R, BoNiFacio M, CHIAReTTI S, Curti A, CANDONI A,
Fava C, CiccoNne M, Pizzoro G, FerraAra F. Philadel-
phia-positive acute lymphoblastic leukaemia (ALL)
in Italy during the COVID-19 pandemic: a Campus
ALL study. Br J Haematol 2020; 190 :e3-e5.

24)

25)

26)

27)

28)

29)

SANCHEZ-PINA JM, Robricuez MR, Quismonpo NC,
ManNso RG, CoLMENARES R, ALos DG, PacieLLo ML, ZA-
FRA D, GARcIA-SANCHEZ C, ViLLEGAS C, CUELLAR C, CAR-
RENO-TARRAGONA G, ZAMANILLO |, Poza M, INIGUEZ R,
GuTiERREZ X, ALONSO R, RoDRiGUEZ A, FOLGUEIRA MD,
DEeLGaDpo R, FERRARI JM, LizAsOAIN M, AGUADO JM, Ava-
LA R, MARTINEZ-LOPEZ J, CALBACHO M. Clinical course
and risk factors for mortality from COVID-19 in
patients with haematological malignancies. Eur
J Haematol 2020. doi: 10.1111/ejh.13493. Online
ahead of print.

LiJ, SmitH A, CroucH S, OLiver S, Roman E. Estimat-
ing the prevalence of hematological malignancies
and precursor conditions using data from Haema-
tological Malignancy Research Network (HMRN).
Cancer Causes Control 2016; 27: 1019-1026.

CHEN L, Yu J, HE W, CHeN L, YuaN G, DonG F, CHEN
W, Cao Y, YanG J, Cal L, Wu D, Ran Q, Li L, Liu Q,
Ren W, Gao F, WaNG H, CHeN Z, GALE RP, Li Q, Hu
Y. Risk factors for death in 1859 subjects with
COVID-19. Leukemia 2020; 34: 2173-2183.

Tan L, WANG Q, ZHANG D, DING J, HuanG Q, TANG Y,
WanG Q, Mino H. Lymphopenia predicts disease
severity of COVID-19: a descriptive and predictive
study. Signal Transduct Target Ther 2020; 5: 33.

HuanG I, PranatA R. Lymphopenia in severe
coronavirus disease-2019 (COVID-19): system-
atic review and meta-analysis. J Intensive Care
2020; 8: 36.

PassamonT F, CAtTANEO C, ARCAINI L, BRUNA R, CAvo
M, MerLl F, ANGeLuccl E, KRAMPERA M, CAIROLI R, PoRr-
TA MGD, FraccHioLLA N, LapDetto M, Passerini CG,
SAvIN M, MARcHETTI M, LEmorl R, MotLtent A, Bus-
cAa A, Cuneo A, Romano A, GiuLiaNl N, GALIMBERT! S,
Corso A, MorotTi A, FauNI B, BiLLio A, GHERLINZONI
F, Visani G, Tist MC, TaFurl A, Tosi P, LANZA F, MAssAIA
M, TurriNl M, FErRRARA F, GURRIERI C, VALLISA D, MAR-
TELL M, Derenzint E, GuArint A, Concont A, Cucca-
RO A, CupiLlo L, Russo D, CiameeLLl F, Scattouin AM,
Luppi M, SeLLErl C, BARBERA EOL, FERRANDINA C, REN-
zo ND, Ouvierl A, BoccHiA M, GENTILE M, MARCHESI
F, Musto P, Feperici AB, CAnDoNI A, VENDITTI A, Fa-
VA C, PiINnTO A, GALENI P, Rigaccr L, ArRMmIENTO D, PANE
F, OBerTi M, ZArrasoDi P, Visco C, FrancHI M, GRossi
PA, Bertu L, CorrAO G, PaGganoO L, CorraDINI P, ITA-
HEMA-COV InvesTigators. Clinical characteristics
and risk factors associated with COVID-19 sever-
ity in patients with haematological malignancies
in Italy: a retrospective, multicentre, cohort study.
Lancet Haematol 2020; S2352-3026(20)30251-9.

11933



