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Abstract

Introduciton: COVID19 is one of the largest pandemics. Since December 2019 until now the coronavirus has 
infected over 131 million people. The mortality rate in the general population varies between 1 to 5%, with a 
potential of over 30% in patients with neoplasms. Methods: The main objective of the study was to identify some 
peculiarities of the evolution, complications and treatment of patients with acute leukaemia and COVID-19. The 
study was retrospective and included 50 patients with acute leukaemia and COVID-19. Results: Recent adminis-
tration of chemotherapy was identified in 20 patients with acute myeloblastic leukaemia and 4 patients with acute 
lymphoblastic leukaemia. The newly diagnosed patients or those undergoing intensive chemotherapy, in particular 
elderly patients, had a severe form of COVID-19 and an unfavourable evolution, and these clinical situations were 
identified as predictive factors for adverse outcomes. Patients with acute lymphoblastic leukaemia had a shorter 
survival curve compared to patients with acute myeloblastic leukaemia. Pneumonia was present especially in pa-
tients with acute myeloblastic leukaemia, most patients having over 30% of lung fields affected (55.26%). Patients 
with an unfavourable outcome had significantly increased median values of C-reactive protein, procalcitonin and 
interleukin6. Conclusions: Patients with acute leukaemia, especially acute myeloblastic leukaemia who have been 
diagnosed with COVID-19 infection require special attention because they may associate complications and ad-
verse outcomes of COVID-19. The results we obtained require evaluation in a larger group of patients and analysis 
in the follow-up period after COVID-19.
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Introduction

COVID-19 is one of the largest pandemics. Since 
December 2019 until now the coronavirus has 
infected over 131 million people, summing over 
2.8 million deaths. Between 25 to 50% of those 
exposed to COVID are asymptomatic; symp-
toms range from mild fever, dry cough, fatigue, 
headache, myalgia, and anosmia to severe pneu-
monia, disseminated intravascular coagulation 
associated with thrombotic events, cardiomyop-
athy, neurological disorders, multiple organ fail-
ure, and culminating with death. The mortality 
rate in the general population varies between 1 
to 5%, with a potential of over 30% in patients 
with neoplasms (1).
The likelihood of cancer patients to develop 
COVID-19 is high compared to the general popu-
lation, in particular for those recently diagnosed, 
depending on risk factors such as age and other 
comorbidities, like uncontrolled type II diabetes 
and morbid obesity (in particular), chronic renal 
failure, BPOC, Down syndrome, pregnancy, se-
vere cardiovascular damage, heart failure, coro-
nary artery disease, solid organ post-transplant 
status, cardiomyopathy, and sickle cell disease. 
Moderate to severe asthma, cerebrovascular 
disease, cystic fibrosis, hematopoietic stem cell 
transplantation, HIV, use of corticosteroids, liv-
er damage, hypertension, dementia, obesity (in-
dex ≥25 but <30 kg / m2), pulmonary fibrosis, 
thalassemia, and type 1 diabetes could be other 
risk factors that contribute to severe evolution 
of COVID-19 (2). Studies have found that those 
with hematological diseases and lung cancer 
have an increased risk (3).
Thus, the possible risk factors in acute lympho-
blastic leukemia are represented by: immuno-
suppression within the disease, along with che-
motherapy, hypogammaglobulinemia, prolonged 
exposure to steroids, renal and pulmonary dam-
age secondary to methotrexate therapy, heart 
failure secondary to anthracycline exposure. 

There is also an increased risk for developing 
thrombosis and aspergillosis, and impairment 
of B cell function (1). For acute myeloblastic 
leukemia, possible risk factors are myelosup-
pression in the disease and post-chemotherapy 
status, heart failure secondary to anthracycline 
exposure, and lung damage secondary to mido-
staurin administration (1).
A New York hospital that treated cancer and 
COVID-19 patients found that the mortality rate 
was 37% (20/54 patients in total), showing that 
myeloid hematological disorders have a higher 
mortality rate tendency than lymphoid ones (4). 
Patients with severe leukopenia, especially se-
vere lymphopenia (< 500/uL), are prone to be 
transferred to an intensive care unit and have an 
unfavorable prognosis (5,6).
Anticipated risk factors for COVID-19 infection 
in patients with acute leukemia include neutro-
penia, leukopenia, hypogammaglobulinemia, 
immunosuppression, tendency to hypercoagula-
bility, organ dysfunction (cardiac, renal, hepatic, 
pulmonary), comorbidities, and age (7).

Materials and methods

The main objective of the study was to identify 
some peculiarities of the evolution, complica-
tions and treatment of patients with acute leu-
kemia who associated COVID-19 infection. The 
study was retrospective and included 50 patients 
with acute leukemia and COVID-19, patients 
admitted to the Department of Hematology, Co-
lentina Clinical Hospital between April 2020 
and February 2021. The study was carried out 
after obtaining the approval of the Ethics Com-
mittee of the Colentina Hospital and having the 
patients’ informed consent. The diagnosis of 
COVID-19 was established using PCR testing 
via nasal and pharyngeal swabs. The diagnosis 
of acute leukemia was established according to 
the WHO diagnostic criteria, the status of refrac-
tory/ progressive disease was considered when 
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the  disease  evolved  in  spite  of  appropriate  
treatment  schemes  having been applied. The 
absence of any signs of disease was a criterion 
for classifying patients as being in remission. 
The study enrolled 38 patients with acute my-
eloblastic leukemia, 10 patients with acute lym-
phoblastic leukemia, and 2 patients with acute 
biphenotypic leukemia. Patients were diagnosed 
with acute leukemia prior to or concomitant with 
being admitted for COVID-19, some of them 
having multiple lines of treatment and being 
treated with life-saving chemotherapy schemes. 
The refractory form of acute myeloblastic leu-
kemia was present in 12 patients, 1 patient had 
the refractory to acute lymphoblastic form of 
leukemia, and 1 patient had biphenotypic acute 
leukemia. Concomitant diagnosis of acute leu-
kemia and COVID-19 was made in 6 patients 
with acute myeloblastic leukemia and 3 patients 
with acute lymphoblastic leukemia (Table 1). 
Data were recorded for the onset of hematolog-
ical disease and COVID-19, treatment, medical 
history, and clinical course. Associated comor-
bidities were quantified using the Charlson Co-
morbidity Index.
We performed Chi-square tests to assess differ-
ences in demographic and clinical/ laboratory 
data between different groups. The study group 
was split using survival/ non-survival character-
istics, AML/ ALL, and severity of COVID-19. 
Correlations between clinical parameters (medi-
cal history, symptoms at the onset, and laborato-
ry values at the onset) and fatal outcome or the 
presence of complications/ severe disease stage 
in patients with COVID-19 were made using 
multivariate logistic analysis. Statistical anal-
yses for establishing the difference between at 
least two of the assessed subgroups were per-
formed using the Kruskal Wallis test. The rank 
test was used to correlate between two variables.
The evaluation of the variables with an impact 
on survival was done by Cox proportional haz-
ard. In all these tests we obtained a value that 

was considered statistically significant for p 
<0.5. All statistical analyses were performed us-
ing MedCalc Statistical Software version 16.4.3 
(MedCalc Software be, Ostend, Belgium; https://
www.medcalc.org; 2016)

Results

The mean age of the group of patients with acute 
myeloblastic leukemia was 64 years (54 to 67), 
and of those with acute lymphoblastic leukemia 
was 47 years (24 to 64). The characteristics of 
patient groups are presented in table 1 (Table 1).
The management of these patients was difficult 
due to many factors: first of all, to the presence 
of a newly identified severe infection with in-
sufficiently known treatment schemes, and also 
to the presence of an acute hemato-oncological 
disease for which treatment is urgent. Secondary 
to the administration of chemotherapy, patients 
presented severe pancytopenia that complicated 
the management of COVID-19 treatment. Recent 
administration of the chemotherapy scheme was 
identified in 20 patients with acute myeloblastic 
leukemia and 4 patients with acute lymphoblastic 
leukemia. Twelve patients with acute myeloblas-
tic leukemia and 4 patients with acute lympho-
blastic leukemia had severe forms of COVID-19 
infection, these patients being admitted to the 
intensive care unit (32%). The COVID-19 treat-
ment applied to these patients was Remdesivir 
for patients in the first 8 days after the onset of 
symptoms or Dexamethasone and/ or Tocilizum-
ab for patients hospitalized for more than 8 days 
after the clinical onset of COVID-19.
Unfavorable evolution was identified in 10 pa-
tients with AML and 3 patients with ALL who 
needed hospitalization in the intensive care unit. 
In the group with moderate forms, only 2 pa-
tients with AML and one patient with ALL had 
unfavorable evolution.
It should be noted that 2 patients had 2 episodes of 
COVID infection, and for both of them the rein-
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fection had an unfavorable evolution, the patients 
dying of septic complications. Another neoplasm 
associated with acute leukemia was present in 10 
patients with acute myeloblastic leukemia. These 
were solid (colon, breast, prostate) or hematolog-
ical tumors (MDS, MPNs). Vascular risk factors 
(hypertension, dyslipidemia, and hyperglycemia/ 
diabetes) were identified in 14 patients with acute 
myeloblastic leukemia and 2 patients with acute 
lymphoblastic leukemia. Thrombotic complica-
tions, strokes or myocardial infarction were pres-
ent in 7 patients, all of which were identified in 
the patient’s medical history. Hemorrhages due 
to severe thrombocytopenia and coagulation dis-
orders were diagnosed in 7 patients with AML 
and 1 patient with ALL. The median value of the 
Charlson Comorbidity Index was 5 (min 2 max 
9) for AML and 2 (min 2, max 8) for ALL, p = 
0.03. This index was identified as important to 
be calculated at the onset of COVID-19 in acute 
myeloid leukemia patients.
Patients with unfavorable outcomes had signifi-
cantly increased median values of C-reactive 
protein, procalcitonin and interleukin 6: CRP 
117.98 mg / dl (min 2.22, max 321.32) vs 34.45 
mg / dl (min 1.55, max 284.18) p=0.03 Fig.1; 
procalcitonin 0.29 mg / dl (min 0.07, max 12.6) 
vs 0.04 mg / dl (min 1.55, max 8.23) p=0.01; IL6 

65.27 pg / ml (min 8, max 887.9) vs 18.46 mg 
/ dl (min 1.5, max 774.2) p=0.05 Fig.2 The re-
maining hematological, biochemical, and coag-
ulation parameters are not significantly different 
between groups identified by the type of evolu-
tion of COVID-19 (favorable/ unfavorable).
Severe forms of COVID-19 or the presence of 
newly diagnosed acute leukemia were predictive 
factors for adverse outcomes (hospitalization in 
ICU 12.03, p = 0.0005 Exp (b) = 20.95 95% CI 
of Exp (b) = 3.75-116.9, acute onset leukemia 
Wald 8.24, p = 0.004, Exp (b) = 49.5, 95% CI of 
Exp (b) = 3.45-709.77). Patients with acute lym-
phoblastic leukemia had a shorter survival curve 
compared to patients with acute myeloblastic 
leukemia, Chi-squared = 7.37, p=0.007 Fig.3.
Pneumonia was present especially in patients 
with acute myeloblastic leukemia, most pa-
tients having over 30% of lung fields affected 
(55.26%). Patients with acute lymphoblastic 
leukemia and COVID-19 had pneumonia on im-
aging evaluation in fewer cases, p = 0.03. Septic 
complications were present in both groups of pa-
tients and there were no statistically significant 
differences between the two groups of AML and 
ALL patients.
Without having statistical significance, due to 
the presence of a small number of patients, it can 

 

Fig.1 The C reactive protein level compared to 
COVID-19 evolution (0 – favorable evolution; 1- 

deceased patients) p=0.03

Fig.2 The interleukin-6 (IL6) level compared to 
COVID-19 evolution (0 – favorable evolution; 1- 

deceased patients) p=0.05
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be seen that elderly patients who were recently 
diagnosed or those undergoing intensive chemo-
therapy followed by bone marrow aplasia, had a 
poor prognosis. These patients also needed in-
tensive care services.

Discussion

Patients over 65 years of age and with hemato-
logical neoplasms have increased vulnerability 
to severe forms of COVID-19 (8). Patients with 
hematological neoplasms and COVID-19 infec-
tion have 4 times higher mortality rate compared 
to other COVID-19-positive patients. This in-
creased mortality rate is especially present in pa-
tients who are refractory/ relapsed or who have 
undergone chemotherapy recently (9).
In our study, 8 patients had refractory forms 
of the disease, 3 of them with cytogenetic mu-
tations, a criterion which included patients in 
the major risk class of evolution (Philadelphia 
chromosome or FLT3 mutation). There were 
also 2 patients who were included in the Vene-
toclax-Azacitidin protocol, the therapeutic 

life-saving scheme, secondary to the therapeutic 
failure of previous lines of treatment. This type 
of treatment was associated with favorable evo-
lution of the COVID-19 infection.
It should be noted that all patients newly diag-
nosed with acute myeloblastic leukemia had un-
favorable evolution, patients who either could 
not be prescribed medication due to the severe 
form COVID-19 or received standard 3 + 7 che-
motherapy followed by post-chemotherapy apla-
sia, all patients being over the age of 50 years. 
Data from the literature point to the unfavorable 
evolution of patients with newly diagnosed acute 
leukemia (10). In our study, we observed unfa-
vorable evolution only for patients with AML. 
Patients with acute lymphoblastic leukemia 
and acute promyelocytic leukemia survived the 
COVID-19 episode.
Neutropenia and elevated values of CRP, procal-
citonin, and D dimers are aggravating factors of 
evolution (11, 12). In the case of our group of pa-
tients we obtained significantly increased values 
of CRP in the group of patients with AL and un-
favorable evolution compared to the CRP value 
in surviving patients with AL. Patients who did 
not survive the COVID-19 infectious episode 
had significantly higher levels of procalcitonin 
and interleukin 6.
Neutropenia and leukopenia did not have a 
higher degree of severity in patients with acute 
leukemia with unfavorable evolution. However, 
patients with hematological neoplasms have a 
higher incidence of bacterial, fungal, and viral 
infectious complications compared to patients 
who do not have a history of malignant hema-
tological diseases (12). The ratio of lymphocyte 
neutrophils, although identified by many studies 
as a predictive factor for severe evolution, in pa-
tients with acute leukemia did not show signifi-
cant differences between the groups of analyzed 
patients (13-16).
Data from the literature confirm the favorable 
evolution of patients with AML receiving treat-

Fig.3 The survival analyses of acute leukemia 
patients during COVID-19 infection; survival 
time = time between the onset of COVID-19 

and death time (days), endpoint = unfavorable 
evolution (1 acute myeloid leukemia, 2 acute 

lymphoid leukemia) Chi-squared = 7.37, p=0.007
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ment with deacetylase inhibitors (17). Patients 
included in our study who received Azacitidin 
or Decitabin had favorable outcomes, except 
for one patient (9.09%), who required hospital-
ization in the intensive care unit due to a severe 
form.
Having recently undergone chemotherapy has 
not been identified as an aggravating factor in the 
evolution of disease by some studies (18). During 
our study, the association with other factors (age, 
refractory status of the disease, and comorbidi-
ties) contributed to unfavorable evolution (17). 
Patients with AML and bone marrow allotrans-
plant had unfavorable evolution possibly due 
to immunosuppressive treatment (19). Note the 
favorable evolution of the 2 patients with acute 
myeloblastic leukemia and bone marrow al-
lotransplant performed before the COVID-19 in-
fection. Less than 2 years later, the results were 
similar to those reported by other studies (17).
Patients with acute myeloblastic leukemia had 
significantly higher adverse outcomes compared 
to patients with acute lymphoblastic leukemia. 
In the group of patients with ALL, without sta-
tistical significance, the presence of the Philadel-
phia chromosome, life-saving chemotherapeutic 
treatments, and advanced age were indicators of 
unfavorable evolution. For the group of patients 
with acute promyelocytic leukemia, the refracto-
ry status of the disease was associated with unfa-
vorable evolution.

Conclusions

Patients with acute leukemia, acute myeloblastic 
leukemia in particular, who have been diagnosed 
with COVID-19 infection, require special atten-
tion because they may associate complications 
and adverse outcomes of COVID-19. Intensive 
chemotherapy and aplasia have been aggravat-
ing factors, with the use of deacetylase inhibitors 
associated or not with Venetoclax giving a better 
prognosis in patients with AML and COVID-19. 

It is crucial to calculate the Charlson Comorbid-
ity Index at the onset of COVID-19. The results 
we obtained require evaluation in a larger group 
of patients and analysis in the follow-up period 
after COVID-19.
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