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ABSTRACT
Objectives: Patients with hematological disorders are often immunosuppressive due to underlying diseases,
immunosuppressive therapies or cytotoxic chemotherapeutics. In the case of coronavirus disease 2019 (COVID-
19), they are at high risk of poor prognosis. Therefore, the present study aimed to evaluate the determinants of
clinical course and mortality in COVID-19 patients with hematological disorders.
Methods: Sixty-two hospitalized patients older than 18 years with documented COVID-19 and hematological
disorders were included in the study. The clinical and laboratory data of the patients were recorded. Age, gender,
overall follow-up time, duration of hospitalization, neutropenia, D-dimer levels, disease status, presence of
underlying diseases, prior autologous and allogeneic stem cell transplant, immunosuppressive drug use,
chemotherapy within 28 days, pneumonia, secondary bacterial infection, intubation, survival and mortality of
the patients were evaluated. 
Results: Twenty-eight (45.2%) of 62 patients died due to COVID-19 and its complications. It was observed
that presence of pneumonia, secondary bacterial infection, intubation, neutropenia developed after the diagnosis
of COVID-19, and elevated D-dimer levels were associated with significant mortality. A D-dimer level of >
1.2 µg/dL was found to be associated with 5.02 fold increase in the risk of death, with 60.7% sensitivity and
76.5% specificity. Presence of rheumatologic diseases also affected survival negatively.
Conclusions: D-dimer levels have high predictive value for mortality. Considering the identified risk factors,
it can be concluded that broad spectrum antibiotics can be administered earlier for prevention of high mortality
rates in COVID-19 patients with underlying hematological disorders. These observations can give confidence
to clinicians that delivery of effective anticancer regimens should continue during this difficult pandemic.
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Novel coronavirus (severe acute respiratory syn-
drome coronavirus 2, SARS Cov-2) disease

(coronavirus disease 2019, COVID-19) has been the
most important global health problem since the end of
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2019 [1]. According to the current World Health Or-
ganization (WHO) data, approximately 150 million
people have been infected with the virus to date, and
more than 3 million have died due to COVID-19
and/or its complications [2]. Characteristics of
COVID-19 symptoms in hematological patients share
similarities with the general population with fever, dry
cough, fatigue and diarrhea being the most common
initial signs/symptoms of infection [3]. Some special
patient groups such as diabetics, older patients and es-
pecially immunosuppressive patients have poor out-
come [4]. Patients with hematological disorders are
often immunosuppressive due to underlying diseases,
immunosuppressive therapies or cytotoxic chemother-
apeutics [5]. Therefore, assessment and determination
of the best therapeutic needs of the immunosuppressed
patient with COVID-19 is critical. However, there are
few published data on the consequences of COVID-
19 in hematological patients so far [5-9]. Based on
available information, patients with hematological ma-
lignancies and bone marrow transplants are at high
risk of poor prognosis in case of COVID-19 [10]. Fur-
thermore, patients with hematological malignancies
have worse outcomes than patients with solid tumors
[11]. During COVID-19 outbreak, it is of extreme im-
portance to understand that cancer patients should be
considered as a special population due to their higher
risk of acquiring secondary infections and faster de-
cline rate. Therefore patients with hematological dis-
orders, both benign and malignant need special
attention during this crisis time [12]. Mortality reports
have shown a higher mortality rate in cancer patients
with COVID-19 compared to the general population
[13]. COVID-19 is a respiratory infection with a sig-
nificant impact on the hematopoietic system and he-
mostasis leading to several cardiovascular
complications. A better understanding of COVID-19
in particular hematological disorders will help to
choose appropriate treatment strategies in the future
[14]. COVID-19 infection is associated with a coagu-
lopathy characterized by an increase in procoagulant
factors such as fibrinogen, together with a strong in-
crease of D-dimers that have been associated with a
higher mortality [15, 16]. Accordingly, the present
study aimed to evaluate the determinants of clinical
course and mortality in COVID-19 patients with
hematological disorders.

METHODS

Patients 
Patients with documented COVID-19 and hematolog-
ical disorders older than 18 years were included in the
study. Diagnostic analysis, survival data, predictors of
death and laboratory results of those patients were
evaluated. Only hospitalized patients were accepted.
The endpoint of the study was hospital discharge with
clinical recovery or death. The clinical and laboratory
data of the patients were recorded. D-dimer levels
were recorded at the time of admission. Written in-
formed consent was obtained from all patients. This
study was conducted in accordance with the World
Medical Association Declaration of Helsinki and re-
viewed and approved by the Ethics Committee of Me-
morial Hospitals Group after obtaining permission of
the Turkish Ministry of Health Ethics Committee. 

Laboratory Assay 
      D-dimer was determined on Cobas C501 auto-
matic biochemistry analyzer (Roche Diagnostics,
Tokyo, Japan) via immunoturbidimetric assay. The
laboratory reference range was 0-0.5 µg/mL. The D-
dimer result was expressed in µg/mL FEU (Fibrinogen
Equivalent Unit). All measurements were performed
within 2 hours after blood sampling. Confirmed
COVID-19 infection was defined as a positive result
on a SARS-CoV-2 reverse-transcriptase–polymerase-
chain-reaction (RT-PCR) assay of a nasopharyngeal
swab specimen. 

Statistical Analysis 
      Data analyses were performed using the IBM
SPSS Statistics for Windows, Version 27.0 (IBM
Corp., Armonk, NY, USA) software. Normality of the
univariate data was assessed using the Shapiro-Wilk
and Shapiro-Francia tests, while Levene's test was
used to assess the homogeneity of variances. For the
comparison of two independent groups of quantitative
data, independent samples t-test was used together
with Bootstrap results, and Mann-Whitney U test. For
the comparison between categorical variables, Pear-
sons chi-square and Fisher’s exact tests were used with
the Monte Carlo Simulation technique. Odds ratio was
used to demonstrate the relative risk of death in pa-
tients with a risk factor compared to those without. Re-
ceiver Operating Curve (ROC) analysis was used to
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show the relationship between sensitivity and speci-
ficity for every possible cut-off value calculated ac-
cording to the variables of the groups and the actual
classification. Kaplan-Meier (product limit method) -
Log-Rank (Mantel-Cox) analysis was used to examine
the effects of the factors on mortality and lifespan.
Quantitative variables are expressed as mean (standard
deviation) and median (25th Percentile [Q1]/75th per-
centile [Q3]) in the tables, while categorical variables
are shown as number (percentage, %). Variables were
analyzed at a 95% confidence level and a p value of
less than 0.05 was considered significant.

RESULTS

Sixty-two hospitalized patients with documented
COVID-19 and hematological disorders older than 18
years were enrolled in the study. Nineteen patients had
acute myeloid leukemia (AML) and 17 patients had
non-Hodgkin's lymphoma (NHL) with a mortality rate
of 57.9% and 29.4%, respectively. Of 62 patients, 28
(45.2%) died due to COVID-19 and its complications
(Table 1). Patients had an average age of 60.9 years
and the average duration of hospitalization was 14
days. When clinical and demographic data were eval-
uated, it was found that age, gender, overall follow-up
time, duration of hospitalization, presence of neutrope-
nia at the diagnosis of COVID-19, underlying diseases
and disease status were not associated with mortality;
however, the presence of pneumonia, secondary bac-
terial infection, intubation, neutropenia developed
after the diagnosis of COVID-19, and D-dimer levels

were associated with a statistically significant mortal-
ity (p < 0.05) (Fig. 1). A D-dimer level over 1.2 µg/dL
is the percentile 75 value of the alive group; therefore
it is accepted as a cut off value in this patient group to
predict the risk of death. A D-dimer level greater than
1.2 µg/dL was found to be associated with a 5.02 fold
increase in the risk of death with 60.7% sensitivity and
76.5% specificity (Table 2). Similarly presence of
pneumonia, secondary bacterial infection, intubation,
neutropenia after the diagnosis of COVID-19, a D-
dimer levels > 1.2 µg/dL had a negative effect on the
survival of the patients. Presence of rheumatologic
diseases also affected survival negatively (p < 0.05)
(Table 3).  

DISCUSSION

The relationship between COVID-19 and pre-existing
diseases is poorly described and based on small retro-
spective studies [17]. The current pandemic coron-
avirus, SARS-CoV-2, is known to cause severe
infection in patients with comorbidities, particularly
cancer or immunosuppression [18]. Patients suffering
from cancer are vulnerable to the effects of COVID-
19, and they have been postulated to be at increased
risk of mortality [19]. In addition, male sex, older age,
hypertension, diabetes, and obesity have been shown
to be associated with higher COVID-19 mortality [20].
In general population, data from different countries
suggest a case-fatality of 2.3% in patients with
COVID-19, with more than 50% of the fatalities oc-
curring in patients 50 years of age or older [21]. In our
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Fig. 1. Significant predictors of mortality. (A) Rheumatologic disease, (B) Pneumonia, (C) Secondary bacterial infection, (D)
Intubation and (E) D-Dimer level.
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study, the mortality rate of COVID-19 in hematologi-
cal disorders was 45.2% showing a range of 25% to
100% according to the type of the hematological dis-
order. This shows that mortality rates and clinical
course of COVID-19 in specific underlying diseases
and conditions can be very different compared to gen-
eral population. The highest mortality rates were ob-
served in ITP, AML and NHL with 100%, 57.9% and

29.4% of the patients respectively. The findings of our
study support the data published in the literature on
the expected high mortality of COVID-19 in cancer
patients. 
      Our study is important for showing the results of
62 patients with co-occurrence of COVID-19 and
hematological disorders in a single center, while indi-
vidual health-care centers and physicians only see a
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few patients with both diseases. Lee et al. [17] studied
mortality patterns from COVID-19 in cancer patients
(8% and 14% had lymphomas and hematological ma-
lignancies, respectively) and found no increased risk
of death. On the other hand, He et al. [8] studied 13
patients with hematological cancers (acute myeloid
leukemia, acute lymphoblastic leukemia, plasma cell
myeloma, and myelodysplastic syndromes) who de-
veloped COVID-19, and found more severe disease
and a higher case fatality rate than other hospitalized
patients. The higher case fatality rates may be attrib-
uted to the therapy they were receiving or due to other

comorbid conditions such as diabetes, which is com-
mon in this group of patients. There was no associa-
tion between the type of cancer and risk of developing
COVID-19 [8]. In another study on cancer patients
(8.6% had hematological cancers-leukemia, myeloma,
and lymphoma) with SARS-CoV-2 infection, those
with hematological cancers had the highest severity
and death rate (33%). This may be because patients
with hematological cancers receive more immunosup-
pression than those with solid tumors [22]. In our
study it was observed that the presence of prior autol-
ogous or allogeneic stem cell transplantation or
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chemotherapy within 28 days had no effect on mortal-
ity in patients with hematological disorders with
COVID-19 infection. Immunosuppressive drug use
and neutropenia at diagnosis of COVID-19 infection
increased mortality, although not significantly. In
some studies in the literature, it was observed that
COVID-19 mortality in patients with cancer was prin-
cipally driven by advancing age and the presence of
other non-cancer comorbidities. Chemotherapy or an-
ticancer treatments did not necessarily increase the
risk of mortality from COVID-19 [17, 19]. These ob-
servations can give confidence to oncologists and
other clinicians that delivery of effective anticancer
regimens should continue during this difficult time.
Although male sex and older age are risk factors for
increased mortality in general population [20], we ob-
served in our study that age and gender did not affect
the mortality and clinical course of COVID-19 in pa-
tients with hematological disorders. Duration of hos-
pitalization also was not related to mortality in our
patients. In order to obtain more definite results, larger
group of patients are needed. 
      SARS-CoV-2 infection can cause several hemato-
logical abnormalities. Some cases of autoimmune cy-
topenias such as thrombocytopenia and hemolytic
anemia have been described [23, 24]. Lymphopenia is
the most common laboratory finding in patients with
COVID-19. Neutrophilia predicts poor outcome and
severe respiratory failure [25]. There are also cases of
COVID-19 with severe neutropenia [26]. Other viral
infections associated with the development of transient
neutropenia are herpesvirus 6, parvovirus, EBV, ade-
novirus, influenza A, HIV, hepatitis C virus, and cy-
tomegalovirus. These viruses can cause direct damage
to bone marrow progenitors and trigger autoimmune
destruction [27]. Neutropenia arising as a result of un-
derlying hematologic disorders is far more significant.
Such patients are at risk for infectious complications
[28]. Although in our study the presence of neutrope-
nia at the diagnosis of COVID-19 was not associated
with mortality, neutropenia developed after the diag-
nosis of COVID-19 led to a statistically significant in-
crease in the mortality rates. This can be due to the
co-occurrence of hematological disorders and
COVID-19, which is an important observation for pre-
dicting high mortality in these patients. 
      Presence of underlying diseases such as diabetes,
hypertension, coronary diseases and asthma had no ef-

fect on mortality in our study. Disease status either ac-
tive disease or remission did not affect clinical course
and mortality in our patients as well. In general popu-
lation, it was observed that diabetes in patients with
COVID-19 was associated with a two-fold increase in
mortality as well as severity of COVID-19, as com-
pared to non-diabetics [29]. It was also found that hy-
pertension is associated with a 2.5 fold increased risk
of both increased severity and mortality in COVID-
19. In a meta-regression, it was observed that this ef-
fect is mainly attributed to those over the age of 60
[30]. Also underlying cardiovascular disease is asso-
ciated with an increased risk of in-hospital death
among patients hospitalized with COVID-19 [31].
Studies show that asthma as a concomitant disease
may not increase COVID-19 mortality [32]. Again, in
some studies, the results show that there is no statisti-
cally significant relationship between asthma history
and mortality, regardless of COVID-19 status (33). In
the case of specific underlying diseases like hemato-
logical disorders in our study, the determinants of the
clinical course of COVID-19 and mortality are af-
fected by some different parameters like neutropenia
developed after diagnosis of COVID-19 apart from the
general risk factors. Additionally the presence of pneu-
monia, intubation, secondary bacterial infection, and
a D-dimer level of >1.2 µg/dL were associated with a
statistically significant mortality in our study. Studies
suggested that older age and underlying comorbidities
were associated with disease severity or death of
COVID-19 pneumonia patients. Pneumonia itself is
one of the most important factors leading to mortality
[34]. COVID-19 pneumonia is a specific disease of
which the main characteristic is the dissociation be-
tween the severity of hypoxemia and the maintenance
of relatively good respiratory mechanics [35]. In our
study, presence of pneumonia and intubation increased
mortality precisely in COVID-19 patients with hema-
tological disorders. Intubation is a risk factor for hos-
pital-acquired infections and also indicates the severity
of clinical manifestations. Therefore, its presence in-
creased mortality and adversely affected the clinical
course. Secondary bacterial infection was also related
to mortality in our study. Although low rates of pul-
monary bacterial coinfection was reported in some
studies in patients with COVID-19, the low rate of
coinfection described seems to be underestimated [36-
38]. 
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      Infection induced coagulopathy and secondary
hyper-fibrinolysis has been identified in severe cases
of COVID-19. As well, higher D-dimer level on ad-
mission was related to a worse prognosis [16, 39]. An-
ticoagulant treatment may benefit severe COVID-19
patients, especially those without cardiovascular dis-
eases [40]. D-dimer is commonly elevated in patients
with COVID-19. D-dimer level correlates with disease
severity and is a reliable prognostic marker for in-hos-
pital mortality in patients admitted for COVID-19
[41]. Coagulopathy was reported, and D-dimer eleva-
tions were seen in 3.75-68.0% of the COVID-19 pa-
tients in previous studies [16]. In a previous study, it
was found that D-dimer on admission greater than 2.0
4g/mL could effectively predict mortality in patients
with COVID-19, which indicates that D-dimer can be
an early and helpful marker to improve management
of COVID-19 patients [42]. In our study, D-dimer
level greater than 1.2 µg/dL was found to be associated
with 5.02 fold increase in the risk of death in COVID-
19 patients with hematological disorders. In our study,
results parallel to the literature were obtained. When
estimated survival in terms of clinical and demo-
graphic data were analyzed on the basis of duration of
hospitalization for COVID-19, it was observed that
presence of pneumonia, secondary bacterial infection,
intubation, neutropenia after the diagnosis of COVID-
19 and a D-dimer level of > 1.2 had a negative effect
on the estimated survival of the patients. Besides other
risk factors identified, it was observed that presence
of rheumatologic disease as an underlying condition
also affected survival negatively in COVID-19 pa-
tients with hematological disorders. In a previous
study, it was reported that rheumatic disease activity
might be associated with mortality. Inflammation was
closely related to severity of COVID-19 [43].

CONCLUSION

Although the clinical course and determinants of mor-
tality in COVID-19 patients with hematological dis-
orders are parallel to the literature to a certain extent,
they have some distinctive features. In our study, mor-
tality rate of COVID-19 in hematological disorders
was 45.2% which is very high compared to general pa-
tients showing a range of 25 to 100 % according to di-
agnosis. This shows that mortality rate and clinical

course of COVID-19 in specific underlying diseases
and conditions can be very different compared to gen-
eral population. Age, sex, disease status, duration of
hospitalization, presence of hypertension, diabetes and
coronary disease were not associated with mortality.
Immunosuppressive drug use and neutropenia at diag-
nosis of COVID-19 infection somewhat increased
mortality although not statistically significant. D-
dimer level above 1.2 µg/mL has a high predictive
value for mortality. In our study, it was observed that
presence of prior autologous or allogeneic stem cell
transplantation, chemotherapy within 28 days and im-
munosuppressive therapy had no effect on mortality
in patients with hematological disorders with COVID-
19 infection. These observations can give confidence
to clinicians that delivery of effective anticancer reg-
imens should continue during this difficult pandemic.
The presence of pneumonia, secondary bacterial in-
fection, intubation and neutropenia developed after the
diagnosis of COVID-19 were associated with a statis-
tically significant mortality. 
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