
Frontiers in Oncology

OPEN ACCESS

EDITED BY

Liren Qian,
Fifth Medical Center of the PLA General
Hospital, China

REVIEWED BY

Yue Yu,
Changhai Hospital, China
Bin Zhao,
Kunming Medical University, China

*CORRESPONDENCE

Zhou Huang

huangzhou@suda.edu.cn

Ying Wang

yingwang1977@hotmail.com

Depei Wu

wudepei@suda.edu.cn

†These authors have contributed
equally to this work and share
first authorship

‡These authors share last authorship

RECEIVED 28 August 2024

ACCEPTED 19 November 2024
PUBLISHED 21 February 2025

CITATION

Yao Y, Di W, He F, Liu B, Chen X, Guan X,
Huang Z, Wang Y and Wu D (2025)
Exploration of risk factors and characteristics
of COVID-19 infection among patients with
hematological malignancies in Suzhou, China:
a retrospective study.
Front. Oncol. 14:1487516.
doi: 10.3389/fonc.2024.1487516

COPYRIGHT

© 2025 Yao, Di, He, Liu, Chen, Guan, Huang,
Wang and Wu. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Original Research

PUBLISHED 21 February 2025

DOI 10.3389/fonc.2024.1487516
Exploration of risk factors and
characteristics of COVID-19
infection among patients with
hematological malignancies
in Suzhou, China: a
retrospective study
Yao Yao1†, Wenjuan Di2†, Fangkai He2†, Bin Liu3, Xue Chen4,
Xiaojun Guan5, Zhou Huang6*‡, Ying Wang1*‡ and Depei Wu1*‡

1National Clinical Research Center for Hematologic Diseases, Jiangsu Institute of Hematology, The
First Affiliated Hospital of Soochow University, Suzhou, China, 2Pulmonary and Critical Care Medicine,
Kunshan Hospital of Traditional Chinese Medicine, Suzhou, China, 3Department of Hematology,
Soochow Hopes Hematonosis Hospital, Suzhou, China, 4Department of Radiology, The Affiliated
Suzhou Hospital of Nanjing Medical University, Suzhou Municipal Hospital, Suzhou, China,
5Department of Pulmonary and Critical Care Medicine, The First Affiliated Hospital of Soochow
University, Suzhou, China, 6Department of Radiology, The First Affiliated Hospital of Soochow
University, Suzhou, China
Background and aim: Patients diagnosed with cancer, particularly those with

hematologic malignancies, frequently exhibit a state of immunosuppression.

Currently, there remains a scarcity of dependable biomarkers for assessing the

severity of COVID-19 in individuals with hematologic malignancies. We

conducted a retrospective study of morbidity and mortality in patients with

hematological malignancies (HM) who had contracted COVID-19. The aim was

to offer a reference for clinical diagnosis and treatment.

Methods: A total of 71 patients with HM-confirmed COVID-19 were enrolled

from December 2022 to May 2023. Clinical symptoms, laboratory findings, and

treatment approaches were collected and documented. Patients were classified

into survival and death groups based on their COVID-19 outcomes, and statistical

analysis was performed on the clinical data from both groups.

Results: Among the 71 patients, 57 (80.3%) were alive, and 14 (19.7%) had died.

The mean age of patients in the death group was significantly higher than that of

the survival group (51.29 ± 20.76 vs. 49.47 ± 13.04, P=0.030). The proportion of

patients receiving mechanical ventilation was significantly higher in the death

group (P<0.001). The mortality rate was significantly higher in the critically severe

group compared to the mild, moderate, and severe groups (P<0.001).

Correlation analysis revealed that certain laboratory indicators lactic acid

dehydrogenase (LDH), albumin (ALB), creatine kinase (CK), troponin T (TnT), N-

terminal pro-brain natriuretic peptide (NT-proBNP) and fibrin degradation

product (FDP), which exhibited significant differences between groups, were

significantly correlated with COVID-19-related mortality (all P<0.05). The Cox

proportional hazards model indicated that LDH was an independent risk factor

associated with the prognosis of HM-confirmed COVID-19.
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Conclusion: Patients with hematologic malignancies suffer severe morbidity and

mortality due to COVID-19 infection. LDH may serve as a risk factor associated

with prognosis in the treatment of COVID-19. Monitoring variations in LDH levels

can assist healthcare providers in evaluating disease progression, adjusting

treatment plans in a timely manner, and predicting patient outcomes.
KEYWORDS

hematological malignancy, COVID-19, mortality, indicator, prognosis
1 Introduction

The COVID-19 pandemic, caused by severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2), emerged and gained global

attention in late 2019 (1), swiftly becoming a major global public

health concern due to its respiratory transmission (2). The World

Health Organization (WHO) has reported 770,437,327 confirmed

cases of COVID-19 worldwide, resulting in 6,956,900 fatalities (3).

While the WHO no longer classifies it as a public health emergency

of international concern, isolated COVID-19 outbreaks persist in

the post pandemic era (4).

COVID-19 typically presents mild to moderate symptoms but can

be severe or life-threatening for 5-10% of patients, leading to long-term

complications (5). Although COVID-19 has a widespread impact on

global health, its effects are particularly pronounced in certain patient

populations, such as those with hematologic malignancies (HM) (6).

Recent research demonstrates that the mortality rate of COVID-19 is

significantly higher in patients with hematological malignancies

compared to the general population. Consequently, it is essential to

devise targeted treatment and prevention strategies for this particular

patient demographic (7, 8).

The study examined the clinical baseline features and

hematological markers of COVID-19 infection in patients with

hematological malignancies to identify significant risk factors

associated with a poor prognosis. These findings should be

carefully considered in the diagnostic and treatment processes.
2 Materials and methods

2.1 Design and patients

We conducted a retrospective data collection of hospitalized

hematologic malignancy patients who tested positive for COVID-19

through PCR at the hematology department from December 2022 to

May 2023. Data on demographic, clinical, therapeutic, and laboratory

information for 71 patients with positive viral RNA detection were

extracted from the electronic medical records system. Eligible patients

met the inclusion criteria of having WHO-defined hematologic

malignancies and confirmed symptomatic COVID-19 infection.
02
2.2 Clinical classification of
COVID-19 patients

The severity of COVID-19 at admission was graded according

to the clinical classification of COVID-19 patients in China (9).
2.3 Outcomes

In this study, we assessed whether the causes of death among

the subjects were attributable to COVID-19, adhering to the

guidelines established by the ICD and WHO.

Death—patients infected with COVID-19 and dying from

COVID-19

Survival—patients infected with COVID-19 and final outcome

of survival or death not attributable to COVID-19.
2.4 Data collection

The indicators recorded were patients’ characteristics (age, sex,

length of stay, HM type, HM characteristics, previous anti-cancer

treatment, symptoms of COVID-19 infection, COVID-19 clinical

classification (9), anti-viral therapy, mechanical ventilation) and

laboratory examinations before therapy [white blood cells (WBCs),

neutrophils, lymphocytes, eosinophils, neutrophils/lymphocytes

(NLRs), hemoglobin, platelets, alanine transaminase (ALT), lactic

acid dehydrogenase (LDH), albumin (ALB), creatine (CR), creatine

kinase (CK), troponin T (TnT), N-terminal pro-brain natriuretic

peptide (NT-proBNP), D-dimer, fibrin degradation product (FDP),

and procalcitonin (PCT)] prior to the administration of COVID-19

treatment. The diagnosis of HM was made according to the WHO

classification of hematopoietic tumors (10).
2.5 Statistical analysis

Continuous variables that conformed to a normal distribution were

expressed as mean ± standard deviation, and comparisons between

groups were made using the independent samples t test; continuous
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variables that did not conform to a normal distribution were expressed

as M (Q1,Q3), and comparisons between groups were made using the

Mann−Whitney U test. Categorical variables were expressed as

proportions (%), and comparisons between groups were made using

the chi-square test. Spearman’s test was used to test the correlation

between the indicators and death. One-way analyses of death-related

influencing factors were performed using the log-rank test. A

multifactorial Cox proportional risk regression model was used to

analyze the influencing factors of death in patients with hematological

malignancies. P<0.05 was considered statistically significant. The

statistical data was analyzed using IBM SPSS Statistics for Windows

(IBM Corp. Version 26.0. Armonk, NY, USA).
3 Results

3.1 Baseline characteristics of HM patients
with COVID-19

The baseline characteristics of patients with hematological

malignancies are presented in Table 1. Seventy-one patients with

HM were diagnosed with COVID-19, consisting of 39 (54.9%) males

and 32 (45.1%) females. The mean age of these patients was 49.83

years (SD=14.72), and the mean duration of hospitalization was 24.72

days (SD=15.47). Patients in the group who died were significantly

older than those in the survival group (51.29 years vs 49.47 years,

P=0.030). The distribution of hematological malignancies was as

follows: aggressive lymphoma (LM) 32.4%, multiple myeloma (MM)

5.6%, acute leukemia 56.3%, and myelodysplastic syndrome 5.6%.

The specific subtypes of lymphoma and leukemia patients are shown

in Supplementary Table 1. Among the patients, 59.2% achieved

MRD-negative complete remission in prior hematological

malignancies. Additionally, in their electronic medical records,

patients had received anti-cancer treatments, including

hematopoietic stem cell transplant (HSCT) (23.9%), chimeric

antigen receptor T-cell (CAR-T) therapy (8.5%), anti-CD20

monoclonal antibody therapy (32.4%), and blinatumomab (1.4%).

The prevalent symptoms of COVID-19 infection included cough

(31.0%), fever (71.8%), and chest distress with shortness of breath

(22.5%). Clinical classification of the patients, as per the ninth edition

of the COVID-19 guidelines of the People’s Republic of China,

included mild (52.1%), moderate (16.9%), severe (18.3%), and

critical severe (12.7%). All patients received one or more antiviral

treatments, including paxlovid (47.9%), molnupiravir (59.2%), or

azvudine (35.2%). Nineteen patients (26.8%) received mechanical

ventilation, and 20 patients (28.1%) received anticoagulant therapy.

Mortality events significantly differed across clinical classifications,

with critical severe patients having a significantly higher mortality

rate than the other three groups (c2 = 46.096, P<0.001). Patients

requiring mechanical ventilation exhibited a significantly higher

mortality rate than those who did not necessitate noninvasive or

invasive ventilation (c2 = 23.884, P<0.001).
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3.2 Laboratory indicators in HM patients
suffering from COVID-19

Table 2 shows the differences in features of laboratory blood

examinations between the survival and groups of HM patients.

There were significant differences in several laboratory indicators

between the two groups. The results of routine blood tests showed

that lymphocytes (LYM) and eosinophils (EOS) were significantly

lower in the death group (all P<0.05). In addition, the levels of ALT,

LDH, ALB, and CR were significantly different between the two

groups of patients. Levels of ALT, LDH, and CR were elevated in the

patients in the death group, whereas levels of ALB were decreased.

Additionally, myocardial function tests showed that the levels of

CK, TnT, and NT-proBNP were significantly elevated in the death

group. Significantly higher levels of D-dimer and FDP were

observed in the death group patients. PCT levels were

significantly higher in the death group.
3.3 Correlation between indicators and
death due to COVID-19

We included continuous variables with statistically significant

differences in clinical and laboratory indicators between the two

groups to investigate their correlation with COVID-19-related

mortality in patients with hematological malignancies. The results

are presented in Table 3. Correlation analysis demonstrated that the

levels of LYM, EOS and D-dimer were associated with mortality.

Additionally, the levels of LDH, ALB, CK, TnT, NT-proBNP, and

FDP showed significant associations with mortality. ROC curves

were utilized to analyze indicators with strong correlations

(Figure 1), classifying them into groups above and below a

specified threshold. The sensitivity and specificity of these

strongly correlated indicators are shown in Table 4.
3.4 Cox proportional hazards analysis of
prognosis-related indicators

Continuous variables were transformed into categorical variables

based on the cutoff values described above. We defined those above the

cutoff value as high-level groups and those below the cutoff value as

low-level groups. We included categorical variables that were

statistically significant in terms of clinical characteristics, such as

clinical classification and mechanical ventilation, in the Cox

proportional hazards analysis along with the categorical variables

after the definition above. The final results showed that only LDH

was an independent risk factor associated with prognosis, that is, death.

We further plotted survival curves based on LDH and length of stay in

the hospital. Kaplan−Meier (K−M) survival curve (Figure 2) analysis

showed that patients in the high-level LDH group were at higher risk of

death (c2 = 18.021, P<0.001).
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4 Discussion

Patients with hematological malignancies face a higher risk of

severe COVID-19 outcomes due to weakened immune systems,

with studies indicating higher mortality compared to the general

population (11, 12). Our retrospective study aims to analyze clinical

data of hospitalized patients to identify COVID-19 prognosis risk

factors in this group, enhancing understanding of disease severity

and patient outcomes post-pandemic. Our study found that older

patients, those classified as severe, and those needing mechanical

ventilation had a higher mortality risk. Similarly, Professor

Hosseini-Moghaddam’s report (13) emphasizes the significance of
Frontiers in Oncology 04
age in relation to adjusted mortality by sex. Their study also found

that the mean age of patients with hematological malignancies

suffering from COVID-19 exceeded that of patients with solid

tumors. Clinical severity correlated with higher mortality, linked

to symptoms, pulmonary lesions, and multi-organ involvement in

critically ill patients, who also had a higher need for

mechanical ventilation.

Earlier studies have found that lymphocyte counts are reduced

in most COVID-1 9 patients, and the reduction is more pronounced

in the critically ill group (8, 14). A review of COVID-19 by Grifonin

A et al. (15) showed that lymphocyte counts, CD4+ T-lymphocyte

counts, and CD8+ T-lymphocyte counts were persistently low in
TABLE 1 Clinical indicators in hematological malignancies suffering from COVID-19 survival and death groups [n/ (mean ± standard deviation)].

Clinical Indicators Survival(n=57) Death(n=14) T/c2 P

Sex, n 1.027 0.311

Male 33 6

Female 24 8

Age, years (mean (SD)) 49.47 ± 13.04 51.29 ± 20.76 -0.312 0.030*

Length of stay, days (mean (SD)) 24.93 ± 14.86 23.93 ± 18.28 0.189 0.557

HM, n 4.293 0.231

Lymphoma 17 6

Multiple myeloma 2 2

Leukaemia 35 5

Myelodysplastic syndrome 3 1

Remission of hematologic malignancies, n 1.917 0.166

Complete remission 36 6

Active 21 8

Previous anti-cancer treatment, n 0.550 0.908

HSCT 13 4

CAR-T therapy 5 1

Anti-CD20 monoclonal antibody therapy 17 6

Blinatumomab 1 0

Clinical classification, n 46.096 <0.001*

Mild 37 0

Moderate 9 3

Severe 11 2

Critical severe 0 9

Mechanical ventilation, n 23.884 <0.001*

No 49 3

Yes 8 11

Anticoagulation therapy, n 0.491 0.484

No 42 9

Yes 15 5
SD, standard deviation; HM, hematological malignancy; HSCT, Haematopoietic stem cell transplant; CAR-T, Chimeric antigen receptor T-cell; t-test: Age; Length of stay; c2 test: Sex; HM;
Remission of hematologic malignancies; Previous anti-cancer treatment; Clinical classification; Mechanical ventilation; Anticoagulation therapy; *P<0.05.
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the death group. Conversely, in the survival group, lymphocyte

counts were higher and gradually returned to normal as the disease

improved. It was concluded that COVID-19 virus may act on

lymphocytes, especially T lymphocytes, resulting in a decrease in
TABLE 2 Laboratory indicators in HM patients conformed COVID-19 [(mean ± standard deviation)].

Laboratory indicators Survival group Death group T P

WBC, (10^9/L) 9.07 ± 22.01 7.52 ± 11.25 0.369 0.605

NE, (10^9/L) 3.28 ± 4.33 3.65 ± 3.49 -0.342 0.936

LYM, (10^9/L) 4.09 ± 11.67 0.89 ± 1.07 2.039 0.046*

EOS, (10^9/L) 0.06 ± 0.17 0.01 ± 0.01 2.431 0.018*

NLR 11.88 ± 54.59 15.55 ± 19.08 -0.414 0.972

HB, (g/L) 95.26 ± 22.12 80.07 ± 26.95 1.954 0.341

PLT, (10^9/L) 118.72 ± 82.58 87.71 ± 65.35 1.504 0.557

ALT, (U/L) 28.78 ± 22.50 52.31 ± 40.36 -2.030 0.007*

LDH, (U/L) 299.87 ± 191.46 882.66 ± 853.55 -2.539 0.000*

ALB, (g/L) 36.44 ± 4.58 32.25 ± 2.97 4.196 0.039*

CR, (umol/L) 56.25 ± 20.50 73.64 ± 70.84 -0.909 0.000*

CK, (U/L) 37.41 ± 29.21 1701.92 ± 3660.13 -1.702 0.000*

TnT, (ng/mL) 11.64 ± 8.71 66.22 ± 90.90 -2.243 0.000*

NT-proBNP, (pg/mL) 491.78 ± 1197.43 1884.51 ± 3406.98 -1.500 0.017*

D-dimer, (ug/mL) 1.91 ± 3.46 5.87 ± 6.43 -2.146 0.000*

FDP, (mg/L) 6..21 ± 10.99 16.09 ± 26.35 -1.371 0.004*

PCT, (ng/mL) 0.15 ± 0.18 0.58 ± 1.00 -1.584 0.000*
WBC, White blood cell; NE, Neutrophils; LYM, Lymphocytes; EOS, Eosinophils; NLR, Neutrophils/Lymphocytes; HB, Hemoglobin; PLT, Platelet; ALT, Alanine transaminase; LDH, Lactic acid
dehydrogenase; ALB, Albumin; CR, Creatine; CK, Creatine kinase; TnT, Troponin T; NT-proBNP, N-Terminal Pro-Brain Natriuretic Peptide; FDP, Fibrin degradation product; PCT,
Procalcitonin; t-test: WBC; LYM; NLR; HB; PLT; ALT; LDH; ALB; CR; CK; TnT; NT-proBNP; FDP; PCT; *P<0.05.
TABLE 3 Correlation between indicators and death due to COVID-19.

Indicators
Death due to COVID-19

r P

Age,years 0.090 0.456

Length of stay,days -0.103 0.399

LYM, (10^9/L) -0.247 0.038*

EOS, (10^9/L) -0.272 0.022*

ALT, (U/L) 0.200 0.094

LDH, (U/L) 0.478 <0.001**

ALB, (g/L) -0.359 0.002**

CR, (umol/L) -0.078 0.519

CK, (U/L) 0.330 0.005**

TnT, (ng/mL) 0.411 0.002**

NT-proBNP, (pg/mL) 0.471 <0.001**

D-dimer, (ug/mL) 0.275 0.025*

FDP, (mg/L) 0.346 0.004**

PCT, (ng/mL) 0.188 0.139
LYM, Lymphocytes; EOS, Eosinophils; ALT, Alanine transaminase; LDH, Lactic acid
dehydrogenase; ALB, Albumin; CR, Creatine; CK, Creatine kinase; TnT, Troponin T; NT-
proBNP, N-TerminalPro-Brain Natriuretic Peptide; FDP, Fibrin degradation product; PCT,
Procalcitonin. *P<0.05: There is a correlation between the two indicators, **P<0.01: There is a
strong correlation between the two indicators.
FIGURE 1

ROC curve analysis of each indicator in the diagnosis of death due
to COVID-19.
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both CD4+ T lymphocytes and CD8+ T lymphocytes, and

therefore, damage to T lymphocytes may be an important factor

contributing to the deterioration of the patient’s condition. For

patients with hematologic malignancies, due to frequent

chemotherapy and immunotherapy, the lymphocytes themselves

are damaged, which also becomes a susceptibility factor for

COVID-19, and HM patients are also prone to a high incidence

of critically ill patients. In our study, pretreatment lymphocyte

counts were lower in the deceased group than in the surviving

group, but results regarding T-cell subsets are lacking.

In this study, we demonstrated that early eosinophil (EOS)

counts in COVID-19 patients with hematological malignancies

were correlated with higher mortality, and most of the dead

patients had EOS counts as low as 0. Therefore, to some extent,

EOS counts may serve as an important reference for the evaluation

of the disease conditions of patients with COVID-19. Previous

studies have simply concluded that eosinophils are mainly involved

in the immune process of allergic diseases, such as parasites as
Frontiers in Oncology 06
inflammatory cells only. In fact, EOS are critically important cells in

the process of immune and allergic responses, and some studies

have shown that EOS can promote host cell immunity, thereby

reducing the replication of influenza virus H1N1 in the lungs and

improving the clearance of the virus (16, 17). In addition to

influenza virus, decreased EOS counts have also been observed in

SARS and other respiratory virus infections (17). Changes in the

number of eosinophils are related to the level of the adrenal cortex

in the body; when the concentration of glucocorticoids decreases,

the number of eosinophils is increased. When the patient suffers

from acute viral infection, the adrenocorticotropic hormone will

increase stress secretion, which promotes the body’s anti-infection,

inhibit the inflammatory response, so in the early stage of

eosinophils is reduced, but after entering the clinical intervention

and treatment, the level of glucocorticoid hormone decreases, so

that eosinophils gradually increase again in the recovery period of

the disease (18, 19). However, there are few studies that point to a

specific role for EOS in patients with COVID-19 comorbid with
TABLE 4 Clinical diagnostic efficacy of 6 strongly correlated indicators.

Indicators cut-off Sensitivity Specificity AUC
AUC 95%CI

lower upper

ALT, (U/L) 23.15 0.769 0.588 0.673 0.480 0.866

LDH, (U/L) 468.80 0.692 0.853 0.808 0.664 0.951

CK, (U/L) 61.75 0.538 0.824 0.717 0.539 0.895

TnT, (ng/mL) 14.12 0.769 0.765 0.745 0.575 0.916

NT-proBNP,
(pg/mL)

202.75 0.923 0.618 0.804 0.678 0.931

FDP, (mg/L) 2.80 0.846 0.559 0.700 0.534 0.866
ALT, Alanine transaminase; LDH, Lactic acid dehydrogenase; CK, Creatine kinase; TnT, Troponin T; NT-proBNP, N-Terminal Pro-Brain Natriuretic Peptide; FDP, Fibrin degradation product;
AUC, Area Under Curve.
FIGURE 2

K−M survival curve analysis of the high-level and low-level LDH groups. LDH-0: LDH<468.80 U/L; LDH-1: LDH≥468.80 U/L.
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hematological malignancies, and further expansion of the study

sample size is needed.

LDH is an intracellular enzyme that plays a crucial role in

energy production, primarily synthesized in organs such as the liver,

heart, skeletal muscle, kidneys, and lungs. The concentration of

LDH in the blood increases in response to tissue damage, cell death,

hypoxia (notably due to respiratory failure), hematological and

lymphatic disorders, or inflammation affecting the lungs,

pericardium, and pancreas (20, 21). Elevated levels of LDH may

serve as indicators of tissue hypoxia, cellular damage, or necrosis,

conditions that are particularly prevalent in severe COVID-19

patients. Furthermore, existing literature indicates that LDH

functions as a serum biomarker associated with poor prognosis in

a variety of cancers (22). In some studies, researchers have reported

viral involvement in liver function (23–25). An observational study

revealed common liver enzyme abnormalities, with increased

severity of liver injury, as defined by transaminase or bilirubin

abnormalities, being strongly associated with mortality (23).

Similarly, our study found higher levels of LDH and ALT in

patients who died, indicating their correlation with mortality.

Furthermore, our prognosis-related regression analysis identified

LDH as an independent risk factor for poor prognosis and in-

hospital mortality. Kaplan−Meier survival curves also suggested a

higher risk of death in patients with hematological malignancies

suffering from COVID-19 in the high-level LDH group. Therefore,

high levels of LDH are associated with the worsening course of

COVID-19, respiratory failure, and multiple organ dysfunction,

making it an important biomarker for assessing prognosis and

guiding clinical management in patients with malignant

hematological diseases accompanied by COVID-19 infection.

Since the emergence of the COVID-19 pandemic, a notable

increase in myocardial injury incidence has been reported and

found to be significantly linked to unfavorable prognosis and in-

hospital mortality. Peiró et al. discovered that, despite widespread

vaccination among patients infected with COVID-19 during

subsequent waves, the incidence of myocardial injury in these

individuals was comparable to that observed in patients from the

initial wave of COVID-19 infections (26, 27). Our study’s statistical

analyses revealed a significant elevation of myocardial-associated

creatine kinase, troponin T, and NT-proBNP levels in patients in

the mortality group. Patients with combined acute myocardial

injury exhibited significantly elevated levels of creatine kinase and

troponin T. Although the incidence of myocardial injury may vary

in different studies, notable elevations in blood cardiac biomarkers

independently predict poor in-hospital prognosis and mortality (28,

29). During infection, heightened body metabolism, reduced

oxygen supply due to lung lesions, and viral involvement of

myocardial tissue can lead to myocardial injury, potentially

resulting in adverse outcomes such as malignant arrhythmia,

myocardial infarction, and even sudden death (30, 31).

Recent studies have shown a high prevalence of coagulation

abnormalities in COVID-19 patients (32). These studies also

highlight the impact of hepatic and renal impairment, as well as

myocardial dysfunction, on coagulation function. Abudouleh et al.

(33) concluded that decreased fibrinolysis is the predominant condition
Frontiers in Oncology 07
in patients with severe COVID-19. Their study found that elevated

coagulation indexes were effective prognostic indicators that could

predict patient outcomes at an early stage. Activation of fibrinolysis is

recognized as a key mechanism in the progression of respiratory

diseases (34). COVID-19 patients experience increased release of

fibrinolytic enzymes, which breakdown pulmonary microthrombi.

Excessive fibrinolysis increases pulmonary vascular permeability,

resulting in reduced fluid and oxygen exchange and disease

progression (35). Our study similarly found that patients in the

group that succumbed to the disease had elevated levels of FDP,

indicating poorer coagulation and hyperfibrinolysis in this group.

Coagulation abnormalities and an increased risk of bleeding in the

later stages of COVID-19 patients are consistent with the status of

disseminated intravascular coagulation (DIC) during sepsis.

Furthermore, the administration of large quantities of plasma and

fibrinogen during these periods may not always be effective in

improving the patient’s condition. The samples in our study

comprised patients with preexisting hematological malignancies and

coagulation abnormalities. Coagulation abnormalities due to COVID-

19 are particularly exacerbated in such patients. Therefore, coagulation

abnormalities are also prognostic indicators that require attention

during the hospitalization of patients with hematological

malignancies who have contracted COVID-19.
5 Conclusion

Taken together, our study investigated prognostically relevant

risk factors for patients with hematological malignancies and

COVID-19. LDH was identified as an independent risk factor for

predicting patient prognosis. Clinicians should evaluate not only

lung lesions but also the severity of other organ involvement to

enhance prognosis assessment. Our study is constrained by its

sample size. Future research should aim to increase both the

sample size and its diversity while identifying new biomarkers

through multicenter collaborations.
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Trehan N, Rocamora-Horrach M, et al. Prevalence and prognostic implications of
myocardial injury across different waves of COVID-19. Front Cardiovasc Med. (2024)
11:1297824. doi: 10.3389/fcvm.2024.1297824

28. Guo T, Fan Y, Chen M, Wu X, Zhang L, He T, et al. Cardiovascular implications
of fatal outcomes of patients with coronavirus disease 2019 (COVID-19). JAMA
Cardiol. (2020) 5:811–8. doi: 10.1001/jamacardio.2020.1017

29. Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F, et al. Association of cardiac injury
with mortality in hospitalized patients with COVID-19 in Wuhan, China. JAMA
Cardiol. (2020) 5:802–10. doi: 10.1001/jamacardio.2020.0950

30. Nie SF, Yu M, Xie T, Yang F, Wang HB, Wang ZH, et al. Cardiac troponin
I is an independent predictor for mortality in hospitalized patients with
Frontiers in Oncology 09
COVID-19. Circulation. (2020) 142:608–10. doi: 10.1161/circulationaha.120.
048789

31. Sandoval Y, Januzzi JL Jr., Jaffe AS. Cardiac troponin for assessment of
myocardial injury in COVID-19: JACC review topic of the week. J Am Coll Cardiol.
(2020) 76:1244–58. doi: 10.1016/j.jacc.2020.06.068

32. Gumanova NG, Gorshkov AU, Bogdanova NL, Korolev AI. Effects of COVID-19
infection in healthy subjects on cardiac function and biomarkers of oxygen transport,
blood coagulation and inflammation. Viruses. (2023) 15:1623. doi: 10.3390/v15081623

33. Abudouleh E, Alhamlan F, Al-Qahtani AA, Bohol MF, Al Hazzani A, Khorfan K,
et al. Changes in the fibrinolytic system of patients infected with severe acute
respiratory syndrome coronavirus 2. J Clin Med. (2023) 12:5223. doi: 10.3390/
jcm12165223

34. An AY, Baghela A, Zhang PGY, Blimkie TM, Gauthier J, Kaufmann DE, et al.
Post-COVID symptoms are associated with endotypes reflecting poor inflammatory
and hemostatic modulation. Front Immunol. (2023) 14:1243689. doi: 10.3389/
fimmu.2023.1243689

35. Gorog DA, Storey RF, Gurbel PA, Tantry US, Berger JS, Chan MY, et al. Current
and novel biomarkers of thrombotic risk in COVID-19: a Consensus Statement from
the International COVID-19 Thrombosis Biomarkers Colloquium. Nat Rev Cardiol.
(2022) 19:475–95. doi: 10.1038/s41569-021-00665-7
frontiersin.org

https://doi.org/10.1371/journal.pone.0277859
https://doi.org/10.1371/journal.pone.0277859
https://doi.org/10.23736/s0031-0808.23.04926-1
https://doi.org/10.3390/biomedicines11082101
https://doi.org/10.3389/fcvm.2024.1297824
https://doi.org/10.1001/jamacardio.2020.1017
https://doi.org/10.1001/jamacardio.2020.0950
https://doi.org/10.1161/circulationaha.120.048789
https://doi.org/10.1161/circulationaha.120.048789
https://doi.org/10.1016/j.jacc.2020.06.068
https://doi.org/10.3390/v15081623
https://doi.org/10.3390/jcm12165223
https://doi.org/10.3390/jcm12165223
https://doi.org/10.3389/fimmu.2023.1243689
https://doi.org/10.3389/fimmu.2023.1243689
https://doi.org/10.1038/s41569-021-00665-7
https://doi.org/10.3389/fonc.2024.1487516
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Exploration of risk factors and characteristics of COVID-19 infection among patients with hematological malignancies in Suzhou, China: a retrospective study
	1 Introduction
	2 Materials and methods
	2.1 Design and patients
	2.2 Clinical classification of COVID-19 patients
	2.3 Outcomes
	2.4 Data collection
	2.5 Statistical analysis

	3 Results
	3.1 Baseline characteristics of HM patients with COVID-19
	3.2 Laboratory indicators in HM patients suffering from COVID-19
	3.3 Correlation between indicators and death due to COVID-19
	3.4 Cox proportional hazards analysis of prognosis-related indicators

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


