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Serdal Korkmaz a, _Ilhami Çelik a TaggedEnd
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Objective: This study aimed to determine the clinical outcomes and risk factors affecting

mortality in patients with COVID-19 following hematological malignancy (HM).

Methods: Patients diagnosed with HM and hospitalized for COVID-19 were included in this

retrospective study. The age, demographic and clinical characteristics, prognosis and treat-

ment of surviving and non-surviving patients were compared.

Results: A total of 49 patients were included in this study, 17 (34.6%) of whom died within

28 days of being diagnosed with COVID-19. Older age (p = 0.001), diabetes (p = 0.001), chronic

obstructive pulmonary disease (p = 0.002), secondary infection (p < 0.001) and secondary

bacterial infection (p = 0.005) were statistically significantly higher in non-survivors. The

remission status of HM was higher in surviving patients (p < 0.001). In multivariate regres-

sion analysis, age (OR: 1.102, p = 0.035) and secondary infection (OR: 16.677, p = 0.024) were

risk factors increasing mortality, the remission status of HM (OR: 0.093, p = 0.047) was a pro-

tective factor frommortality.

Conclusion: The older age, the remission status of HM and secondary infection due to

COVID-19 were determined as prognostic factors predicting mortality in HM patients with

following COVID-19.
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TaggedH1Introduction TaggedEnd

TaggedPHematological malignancies (HMs) are one of the leading

causes of mortality and morbidity worldwide.1 The patient

TaggedEndTaggedPwith HM usually has long-term immunodeficiency due to the

malignancy, anti-cancer treatments or procedures, such as

hematopoietic stem cell transplantation (HSCT).2 These peo-

ple are very concerned about the high risk of morbidity and

mortality from COVID-19. According to the literature, the

overall mortality associated with COVID-19 among hemato-

logic patients ranges from 32% to 40%.3TaggedEnd

TaggedPRecent studies have demonstrated that COVID-19 has a

two-phase illness process. The classic upper respiratory tract

infection symptoms are observed during the first phase. If the

disease does not improve, it progresses to the second phase
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TaggedEndTaggedPand a ’cytokine storm’ develops, in which increased cytokine

levels characterize an enhanced immune response. There are

dyspnea and hypoxia, with infiltrates in the lung.4-6TaggedEnd

TaggedPIt was determined that activated and depleted CD8+ T cells

were associated with the severity of the disease in COVID-19.7

In the early stages of the pandemic, the cytokine storm seen

in the course of COVID-19 was identified. It was thought that

the existing immunodeficiency in patients with HM would

not allow for the development of a cytokine storm and would

limit the progression to severe/critical COVID-19. However,

real-life data indicate that morbidity and mortality rates are

variable. The subtype and activation status of HM, age and

comorbidities were identified as factors influencing mortal-

ity.8, 9TaggedEnd

TaggedPThis study aimed to determine the factors that affect the

clinical development and prognosis of HM patients treated

for COVID-19.TaggedEnd

TaggedH1Methods TaggedEnd

TaggedPThis retrospective study was conducted in a tertiary hospital

with a total of 1,600 beds and a hematology unit with a capac-

ity for 24 patients. TaggedEnd

TaggedH2Patients and definitions TaggedEnd

TaggedPPatients with a diagnosis of HM and COVID-19 who were hos-

pitalized in the Kayseri City Training and Research Hospital

between April 2020 and October 2021 were included in this

retrospective study. Demographic characteristics, HM diagno-

ses and clinical conditions (new diagnosis, remission and

recurrence) of the patients and the clinical course and treat-

ments for COVID-19 were recorded. During the COVID-19 pro-

cess, 28-day mortality cases were evaluated. The patients

were divided into two groups: survivors and non-survivors

and the factors predicting mortality were determined. TaggedEnd

TaggedPPatients with PCR-positive SARS-CoV-2 were diagnosed

with COVID-19. According to the clinical severity classifica-

tion of COVID-19, patients with fever and cough, but with nor-

mal O2 saturation and no change in X-rays and/or CT scans,

were classified as mild COVID-19; patients with ground glass

opacities, lung consolidation and O2 saturation < 94%, as

moderate COVID-19, and; patients with PaO2/FiO2 < 300

mmHg and respiratory frequency > 30 breaths/min., as

severe/critical COVID-19.6TaggedEnd

TaggedPDiagnosis and treatment strategies for HM were deter-

mined according to the National Comprehensive Cancer Net-

work (NCCN).10 The COVID-19 treatment was carried out in

accordance with the COVID-19 treatment management guide-

lines of the Ministry of Health. 11 Favipiravir is given as an

antiviral drug to patients who have received treatment for

COVID-19. The IL-6 inhibitor tocilizumab, steroids and high-

dose steroids were used in accordance with the guidelines for

patients with increased inflammatory markers. 12TaggedEnd

TaggedPSecondary bacterial infections were defined as bacterial

infections occurring during the COVID-19 disease course or

hospital stay (> 48 - 72h after hospitalization).13 Secondary

fungal infections were defined according to the CDC.14TaggedEnd

TaggedH2Statistical analysis TaggedEnd

TaggedPThe statistical analysis was performed using the SPSS 22.0

(IBM Corp., Armonk, NY, USA) package program. The Shapiro-

Wilk test was performed to check the normality assumption

of the data. Categorical variables were expressed as numbers

and percentages and Chi-square or Fisher’s Exact Test analy-

sis was used for comparisons. Variables with a p-value ≤ 0.05

were included in the multivariate logistic regression analysis.

A p-value ≤ 0.05 was considered statistically significant in all

analyses. TaggedEnd

TaggedH2Ethical approval TaggedEnd

TaggedPThis study was approved by the Kayseri City Hospital, Clinical

Research Ethics Committee (Date: 24.12.2020 and Approval

Number: 251) and was conducted in accordance with the Prin-

ciples of the Declaration of Helsinki. As it was performed ret-

rospectively by the file scanning method, an ’informed

voluntary consent form’was not obtained from the patients. TaggedEnd

TaggedH1Results TaggedEnd

TaggedPA total of 49 patients were included in the study. The clinical

and demographic data of the patients are presented in Table 1.

Twenty-eight (57.1%) patients were male and the mean age

was 57.90 § 16.43 years. Of the patients, 17 (34.6%) died within

28 days of being diagnosed with COVID-19 and 32 (65.3%) of

them recovered. The mean age of the non-survivor group was

67.23 (§ 13.33) and of the survivor group, 48.68 (§ 15.95), this

difference is statistically significant (p < 0.001). At the time of

admission, complaints of fever, cough and shortness of

breath were similar in both groups (p = 1.000, p = 0.20,2 and

p = 0.096, respectively). The prevalence of diabetes was 76.5%

in the survivor group and 25.0% in the non-survivor group

and this difference was statistically significant (p = 0.001).

When the frequency of diagnosis of HM was evaluated, it was

observed that 22 (44.9%) patients were followed up for lym-

phoma, 18 (36.7%) patients, for leukemia, and 9 (18.4%)

patients, for multiple myeloma. No statistically significant

difference was found between the survivor and non-survivor

groups in the type of HM (p > 0.05). The HM was evaluated for

disease activation status and 81.3% of the survivors and 23.5%

of the non-survivors were in remission (p < 0.001). A total of

12 (24.5%) patients were HSCT recipients. Allogeneic HSCT

was performed in three patients (9.1%) and autologous SCT

was performed in six patients (18.8%). The frequency of

patients receiving HSCT and the frequency of performing allo-

geneic and autologous HSCT were found to be statistically

similar between survivor and non-survivor patients (p = 0.175,

p = 0.646, and p = 0.397, respectively). TaggedEnd

TaggedPAccording to the clinical severity of COVID-19, a total of 14

(28.6%) patients were mild, 15 (30.6%) patients were moder-

ate, and 15 (40.8%) patients severe/critical COVID-19. There

was no difference between the two groups in the classifica-

tion according to the clinical severity of COVID-19 (p = 0.323,

p = 0.526 and p = 0.075, respectively). TaggedEnd
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TaggedEnd Table 1 – Demographic and clinical characteristics of patients

Survivor Non-survivor Total p
n=32 (%) n=17 (%) n=49 (%)

Age (mean§SD) 48.6 (§15.9) 67.2 (§13.3) 56.4 (§16.9) 0.001

Age (median, min-max) 54.5 (18.0-78.0) 71.0 (41.0-87.0) 58.0 (18.0-87.0) 0.001

Male gender 18 (56.3) 10 (58.8) 28 (57.1) 1.000

COVID-19 symptoms

Fever 16 (50.0) 9 (52.9) 25 (51.0) 1.000

Cough 20 (62.5) 14 (82.4) 34 (69.4) 0.202

Shortness of breath 20 (62.5) 15 (88.2) 35 (71.4) 0.096

Comorbidities

Diabetes Mellitus 8 (25.0) 13 (76.5) 21 (42.9) 0.001

Hypertension 7 (21.9) 8 (47.1) 15 (30.6) 0.104

Chronic Obstructive Pulmonary Disease - 6 (35.3) 6 (12.2) 0.002

Coronary arter disease 5 (15.6) 6 (35.3) 11 (22.4) 0.156

Hematological malignancy diagnosis

Leukemia 12 (37.5) 6 (35.3) 18 (36.7) 1.000

Acute Myeloid Leukemia 4 (12.5) 3 (17.6) 7 (14.3) 0.681

Acute Lymphoblastic Leukemia 4 (12.5) 1 (5.9) 5 (10.2) 0.646

Hairy-Cell Leukemia 2 (6.3) - 2 (4.1) 0.537

Chronic Lymphocytic Leukemia 2 (6.3) 2 (11.8) 4 (8.2) 0.273

Lymphoma 12 (37.5) 10 (58.8) 22 (44.9) 0.228

Diffuse Large B Cell Lymphoma 4 (12.5) 6 (35.3) 10 (20.4) 0.075

Non- Hodgkin Lymphoma, Nos 4 (12.5) 1 (5.9) 5 (10.2) 0.646

Hodgkin Lymphoma 2 (6.3) 2 (11.8) 4 (8.2) 0.602

Marginal Zone Lymphoma 1 (3.1) 1 (2.0) 1.000

Mantle Cell Lymphoma 1 (3.1) 1 (5.9) 2 (4.1) 1.000

Multiple Myeloma 8 (25.0) 1 (5.9) 9 (18.4) 0.136

Hematological malignancy condition

Remission 26 (81.3) 4 (23.5) 30 (61.2) <0.001

New diagnosis 4 (12.5) 6 (35.3) 10 (20.4) 0.075

Refractory disease - 3 (17.6) 3 (6.1) 0.037

Recurrence 2 (6.3) 4 (23.5) 6 (12.2) 0.164

Hematopoietic Stem Cell Transplantation 10 (31.3) 2 (11.8) 12 (24.5) 0.175

Allogeneic 4 (12.5) 1 (5.9) 5 (10.2) 0.646

Autolog 6 (18.8) 1 (5.9) 7 (14.3) 0.397

Vaccination

Inactivated vaccine 2 (6.2) 1 (5.9) 3 (6.1) 0.380

m-RNA Vaccine 4 (12.5) - 4 (8.2) -

COVID-19 severity

Mild COVID-19 11 (34.4) 3 (17.6) 14 (28.6) 0.323

Moderate COVID-19 11 (34.4) 4 (23.5) 15 (30.6) 0.526

Severe/critical COVID-19 10 (31.3) 10 (58.8) 20 (40.8) 0.075

COVID-19 treatment

Favipiravir 32 (100) 17 (100) 49 (100) 1.000

Corticosteroid 27 (84.4) 16 (94.1) 43 (87.8) 0.650

Duration of corticosteroid, day 8.5§3.5 7.7§3.3 8.2§3.4 0.439

Metilprednisolone 24 (75.0) 13 (76.5) 37 (75.5) 1.000

Daily dose, mean (§sd) (mg) 55.8§19.5 69.2§13.2 60.5§18.5 0.058

Total dose, mean (§sd) (mg) 362.5§301.3 410.5§326.4 379.1§307.7 0.542

Dexametasone 3 (9.4) 3 (9.4) 6 (12.2) 0.405

Daily dose, mean (§sd) (mg) 13.3§4.6 10.6§4.6 12.0§4.3 0.519

Total dose, mean (§sd) (mg) 34.4§9.7 47.9§83.5 39.2§12.2 0.900

Pulse- steroid 10 (31.3) 9 (52.9) 19 (38.8) 0.218

Intravenous immunoglobulin 2 (6.3) - 2 (4.1) 0.537

Tocilizumab 7 (21.9) 3 (17.6) 10 (20.4) 1.000

Outcomes

Secondary Infection 4 (12.5) 11 (64.7) 15 (24.5) <0.001

Bacterial Infection 1 (3.1) 6 (35.3) 7 (14.3) 0.005

Bacterial pnemonia - 3 (17.7) 3 (6.1)

Isolates

Acinetobacter baumannii 1 (5.9)

Klebsiella pneumonie 1 (5.9)

Klebsiella oxytoca 1 (5.9)

Bacteremia 1 (3.1) 3 (17.7) 4 (8.2)

Enterococcus gallinarum 1 (3.1)

Staphylococcus aureus 1 (5.9)
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TaggedPThe rate of corticosteroid and tocilizumab used for the

treatment of COVID-19 was similar in the survivor and non-

survivor groups (p = 0.650 and p = 1.000, respectively). TaggedEnd

TaggedPIn a total of 15 patients (24.5%), secondary infection devel-

oped while being followed up for COVID-19. Seven (14.3%) of

these were bacterial infections, while four (8.2%) were inva-

sive fungal infections. Secondary bacterial infection was seen

in 6 (35.3%) in non-survivors and in one (3.1%) patient from

the survivors (p = 0.005). Bacterial pneumonia was observed

in three patients and bacteremia was observed in four

patients as the secondary bacterial infection. An Acinetobacter

baumannii strain causing bacterial pneumonia and a Klebsiella

pneumoniae strain had carbapenem resistance. In addition,

the Klebsiella pneumoniae strain, isolated as a bacteremia

agent, was resistant to carbapenem and the Staphylococcus

aureus strain was resistant to methicillin. TaggedEnd

TaggedPThe frequency of invasive fungal infections was similar in

both groups (11.8% vs. 12.5%, p = 1.000). Rhinocerebral mucor-

mycosis was seen in three patients. The only patient with

candidemia died.TaggedEnd

TaggedPIn multivariate regression analysis (Table 2), older age (OR:

1.150, p = 0.024) and secondary infection (OR: 16.677, p = 0.024)

were evaluated as factors predicting mortality in patients

with HM. Being in remission of the HM was found to be a fac-

tor reducing mortality (OR: 0.093, p = 0.047).TaggedEnd

TaggedH1DiscussionTaggedEnd

TaggedPThis study evaluated the clinical features and risk factors

affecting the mortality of patients with HM diagnosed and fol-

lowed up for COVID-19. Older age and secondary infection

have been identified as risk factors that increase mortality.

Diabetes was observed more frequently in patients who died,

but it was not considered a risk factor. The remission of HM

was found more in surviving patients and was evaluated as a

factor in reducing the risk of mortality. TaggedEnd

TaggedPDuring the COVID-19 pandemic, patients with HM are a

potentially high-risk population due to immunosuppressive

therapies.15 The immune dysfunction of patients due to HM

TaggedEndTaggedPalso affects the course of COVID-19 and there are important

risk factors affecting mortality in these patients. It has been

reported that older age increases mortality 1 to 13 times in

COVID-19 patients without malignancy.16,17 In addition, infec-

tious complications in patients with HM increase with age

and older age is associated with a poor prognosis.18 There are

few studies on COVID-19 patients with HM and older age has

been reported as a risk factor that increases mortality and

morbidity.3,9 According to the results of our study, it was

determined that the increased mean age increased mortality

1.1 times.TaggedEnd

TaggedPDiabetes and impaired glucose tolerance have been associ-

ated with poor prognosis in COVID-19 disease.19 In a meta-

analysis of 30 studies and 6,452 patients, it was stated that

the presence of DM led to a two-fold increased mortality risk

and severity of COVID-19.20 According to our study results,

diabetes was found with a higher frequency in patients who

died. TaggedEnd

TaggedPThe remission of HM is known to be a good prognostic fac-

tor, especially in infectious complications.21 By controlling

the malignancy, it is possible to regain the immune system

functions. In a study conducted in Spain, in which 367

patients with HM who had COVID-19 were evaluated, uncon-

trolled HM was associated with an increased 45-day mortality

rate.3 In another study, conducted in the early period of the

COVID-19 pandemic and which evaluated 34 patients with

HM, it was found that patients in remission without active

malignancy had a better survival rate. In our study, the remis-

sion of HM was similarly found to be a factor in reducing mor-

tality due to COVID-19.TaggedEnd

TaggedPBacterial/fungal secondary infections contribute to the

increased morbidity and mortality of viral respiratory infec-

tions.22 It has been reported that the frequency of infections

caused by resistant bacteria has increased due to inappropri-

ate antibiotic use and extended hospitalization in the inten-

sive care unit.23 In addition, it has been reported that

respiratory tract damage caused by SARS-CoV-2 and alveolar

damage caused by the cytokine storm increase the risk of

invasive fungal infection.24TaggedEnd

TaggedH1Conclusion TaggedEnd

TaggedPOlder age, remission of HM and secondary infection were

determined as prognostic factors predicting mortality in HM

patients followed up with COVID-19. TaggedEnd

TaggedPThere are some limitations in this study. This study was

retrospectively performed at a single center. The details of

chemotherapy regimens could not be fully reached. In

Table 1 (continued)

Survivor Non-survivor Total p
n=32 (%) n=17 (%) n=49 (%)

Klebsiella pneumoniae 1 (5.9)

Enterobacter cloacae 1 (5.9)

Invasive fungal infection 2 (6.3) 2 (11.8) 4 (8.2) 0.602

Rhinocerebral mucormycosis 2 (6.3) 1 (5.9) 3 (6.1)

Candidemia - 1 (5.9) 1 (2.0)

TaggedEnd Table 2 – Risk factors of 28-day mortality

OR (95% Cl), p

Age 1.102 (1.007-1.205), 0.035

Diabetes mellitus 7.893 (0.655-95.073), 0.104

Remission of hematologic

malignancy

0.093 (0.009-0.973), 0.047

Secondary infection 16.677 (1.449-191.895), 0.024
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TaggedEndTaggedPaddition, the small number of groups prevented sub-analysis

between different hematological malignancies and thus, pro-

spective studies with large patient groups are needed.TaggedEnd

TaggedH1Ethics statement TaggedEnd
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TaggedH1Conflicts of interest TaggedEnd
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declare. TaggedEnd
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