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RÉSUMÉ

COVID-19 chez les patients atteints de leucémie 
myéloïde chronique: défis de gestion et résultats

Introduction. Le nombre accru d’études indique une 
sensibilité des patients atteints d’une tumeur hémato-
logique maligne à l’infection par le SRAS-CoV-2 par 
rapport à la population apparemment en bonne santé.
Objectifs. Identification et évaluation des profils 
épidémiologique et diagnostique contemporains de la 
leucémie myéloïde chronique (LMC) dans le contexte 
de la pandémie de la maladie du virus Corona 2019 
(COVID-19), afin d’optimiser la prise en charge de 
cette tumeur maligne hématologique.
Matériel et méthodes. Cette étude analytique, 
descriptive et prospective a inclus 15 patients atteints 
de LMC et COVID-19, qui ont été traités et suivis à 
l’Institut d’oncologie de Chisinau, en République 
de Moldova, entre 2005 et 2021. L’infection au 
SRAS-CoV-2 a été diagnostiquée chez ces patients 
entre avril 2020 et septembre 2021.
Résultats. Ces 15 cas représentaient 10,6% des 142 
patients diagnostiqués avec une LMC et suivis sous 
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INTRODUCTION

Chronic myeloid leukemia (CML) is a clonal 
neoplastic pathology of hematopoietic system, whi-
ch results from the malignant transformation of the 
stem cell, maintaining the ability of differentiation to 
the all cell lines, especially myeloid lineage1-5. CML is 
characterized by the uncontrolled multiplication of 
myeloid series cells, with the increased circulating 
and total granulocyte pool. It represents 15-20% of 
all leukemia cases in adults, being the most common 
chronic myeloproliferative neoplasm6-9. CML morbi-
dity increases with age, with the highest incidence 
between 45 and 60 years6,10. A growing number of 
publications suggests the increased susceptibility of 
patients with malignant neoplasms to severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) in-
fection and its increased incidence (1%) as compared 
to the apparently healthy population (0.1%), but these 
estimations are controversial, and the infection risk 
is not determined according to the type of hematolo-
gical malignancy11-13. The increasing incidence in the 
working-age population, commonly delayed diagnosis 
of CML and the significant level of disability-adjusted 
life years rate14 in the advanced phases of the disea-
se can be considered as major issues of public heal-
th and hematooncology, justifying the study of its 

epidemiological and diagnosis features in the current 
epidemiological context.

THE OBJECTIVE OF THE STUDY was the identification 
and evaluation of the contemporary epidemiological 
and diagnosis patterns of CML in the context of 
COVID-19 pandemic, to optimize the management 
of this hematologic malignancy.

MATERIAL AND METHODS

This analytical, descriptive and prospective stu-
dy included 15 patients with CML and COVID-19, 
who were treated and followed up in the Institute of 
Oncology Chisinau, Republic of Moldova, between 
2005–2021. SARS-CoV-2 infection was diagnosed be-
tween April 2020–September 2021 only in these 15 
patients out of the whole group of 142 patients with 
CML treated with tyrosine kinase inhibitors (TKIs) 
at the Institute of Oncology.

The type of leukemia was diagnosed according 
to the Revised 2017/2020 World Health Organization 
(WHO) Classification of Tumours of Hematopoietic 
and Lymphoid Tissues15-17. All CML cases were diag-
nosed in chronic phase by the molecular tests of the 
bone marrow (BM) and peripheral blood (PB). The 
quantitative reverse transcription polymerase chain 
reaction (RT-PCR) was accomplished with the aim to 

traitement par inhibiteurs de la tyrosine kinase. Il y 
avait 9 (60,0%) hommes et 6 (40,0%) femmes, avec un 
rapport hommes/femmes de 1,5:1. L’âge des patients 
au moment du diagnostic de COVID-19 variait entre 
38 et 74 ans (âge moyen 54,2 ans). Selon la classifi-
cation de l’Organisation mondiale de la santé de la 
gravité du COVID-19, des formes bénignes ont été en-
registrées dans 4 (26,7%) cas, modérées dans 6 (40,0%) 
et sévères dans 5 (33,3%) cas. Huit (53,3%) patients ont 
été hospitalisés pour le traitement du COVID-19, 5 
patients avec des formes sévères et 3 patients avec des 
formes modérées. Une pneumonie virale a été diagnos-
tiquée chez 6 patients, 5 avec des formes sévères et un 
avec une forme modérée de COVID-19. Des comorbi-
dités non infectieuses ont été enregistrées chez 4 des 
5 patients présentant une forme sévère de COVID-19.
Conclusions. COVID-19 affecte couramment les 
patients atteints de LMC de sexe masculin et plus 
âgés que l’âge moyen des patients atteints de LMC. 
Les patients sans réponse hématologique ont présenté 
une évolution défavorable des deux maladies, LMC et 
COVID-19.

Mots-clés: leucémie myéloïde chronique, COVID-19, 
âge, comorbidités.

male/female ratio 1.5/1. The patients’ age at diagno-
sis of COVID-19 ranged between 38-74 years (aver-
age age 54.2 years). According to the World Health 
Organization classification of COVID-19 severity, mild 
forms were registered in 4 (26.7%) cases, moderate in 
6 (40.0%) and severe in 5 (33.3%) cases. Eight (53.3%) 
patients were hospitalized for treatment of COVID-19: 
5 patients with severe forms and 3 patients with mod-
erate forms. Viral pneumonia was diagnosed in 6 pa-
tients: 5 with severe and one with moderate form of 
COVID-19. Non-infectious comorbidities were regis-
tered in 4 of 5 patients with severe COVID-19 forms.
Conclusions. COVID-19 commonly affects CML pa-
tients of male gender and older than the average age 
of patients with CML. Patients without hematologic 
response presented an unfavorable evolution of both 
diseases, CML and COVID-19.

Keywords: chronic myeloid leukemia, COVID-19, 
age, comorbidities.
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determine the expression of the BCR-ABL p210 and 
p190 transcripts. Five transcription products (b2a2, 
b3a2, b2a3, b3a3 si e1a2) were analysed by the usage 
of the quantitative PCR test. Nucleic acid amplifica-
tion testing with a RT-PCR assay was performed to 
detect SARS-CoV-2 RNA from the upper respira-
tory tract, as the preferred initial diagnostic test for 
COVID-19. The severity of COVID-19 was deter-
mined according to the WHO Guidelines for certi-
fication and classification (coding) of COVID-1918,19. 
The prospective practical importance of the study 
consists in assessing the risk and patterns of infection 
with SARS-CoV-2 in CML patients and reducing the 
negative effects of the COVID-19 pandemic on the 
management of CML.

RESULTS

These 15 patients with CML and SARS-CoV-2 
infection represented 10.6% of 142 patients diagno-
sed with CML and currently followed up under the 
treatment with TKIs in the Institute of Oncology. Of 
these 15 cases, COVID-19 occurred only in 2 (5.9%) 
of 34 patients primarily diagnosed with CML and 
treated with TKIs since the onset of COVID-19 pan-
demic in the Republic of Moldova (07.03.2021) until 
the last COVID-19 case before finalizing this study 
(30.09.2021). Thus, the patients diagnosed with CML 
before the onset of COVID-19 pandemic had a higher 
morbidity rate of SARS-CoV-2 infection as compared 
to patients with shorter duration of CML (12.0% ver-
sus 5.9%). There were 9 males and 6 females, with 
the male/female ratio 1.5/1 (Table 1). In our study, 

SARS-CoV-2 infection affected mostly males. The 
patients’ age at the diagnosis of COVID-19 ranged 
between 38-74 years (average age 54.2 years). Seven 
(46.7%) patients were under 50 years old, 8 (53.3%) 
patients above 50 years, and 6 of them above 60 years 
old. Only 2 (13.3%) patients were under 40 years old. 
These data suggest that the older CML patients are 
more susceptible to COVID-19.

According to the WHO Classification of 
COVID-19 severity, mild forms were registered in 4 
(26.7%) cases, moderate in 6 (40.0%) cases and severe 
in 5 (33.3%) cases18,19,21. Three patients with severe 
forms and two patients with moderate forms were 
aged between 60-70 years old.

The duration of the hematologic malignancy 
until the diagnosis of SARS-CoV-2 infection var-
ied between 46-214 months (the average period 112 
months). No correlation was found between the dura-
tion of the CML and the severity of COVID-19. None 
of the patients was vaccinated against SARS-CoV-2 
before the disease.

The Eastern Cooperative Oncology Group 
(ECOG) score of performance status of CML pa-
tients ranged between 0-2 at the time of diagnosis 
of SARS-CoV-2 infection. The ECOG score was 2 
only in 2 (13.3%) patients, who experienced severe 
COVID-19.

This study evaluated the impact of Sokal 
score on COVID-19 morbidity in CML patients. 
SARS-CoV-2 affected 8 (53.3%) low-risk patients, 
5 (33.3%) intermediate-risk and 2 (13.4%) high-risk 
patients. Moderate and severe COVID-19 forms de-
veloped in 5 (33.3%) low-risk patients. Five (33.3%) 

Table 1. Clinical and biological characteristics of CML cases according to the severity of COVID-19.
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Moderate 6/ 40.0 6 - - 50.0 - 4 2 6 - 4 2 - 82.3 1/ 6.7

Severe 5/ 33/3 3 1 1 57.0 4 3 2 3 2 1 3 1 130.9 5/ 33.3

Total 15/ 100 13 1 1 54.2 4 9 6 13 2 8 5 2 112 6/ 40

Legend: CML = chronic myeloid leukemia, COVID-19 = Coronavirus Disease 2019
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intermediate-risk patients and one (6.7%) high-risk 
patient also suffered from moderate and severe forms 
of COVID-19. One (6.7%) high-risk patient experi-
enced a mild form of COVID-19. The intermediate 
and high Sokal score, thus, did not influence the rate 
and severity of COVID-19 in CML patients.

The infection with SARS-CoV-2 occurred un-
der the treatment with imatinib in 9 (60.0%) cases, 
nilotinib in 4 (26.7%) and under the treatment with 
ponatinib in 2 (13.3%) cases. Nevertheless, the shares 
of these cases within the totalities of CML patients 
treated with imatinib (N=62), nilotinib (N=29) and 
ponatinib (N=15) were 14.2%, 13.8% and 13.3%, 
respectively. No significant difference of COVID-19 
morbidity was registered between patients treated 
with different generations of TKIs.

COVID-19 developed in 13 (86.7%) patients 
with complete hematologic response and in 2 (13.3%) 
patients without stable response to treatment with 
TKIs.

Eight (53.3%) patients were hospitalized for 
treatment of COVID-19, including all 5 (33.3%) with 
severe and 3 (20.0%) with moderate forms. Viral 
pneumonia was diagnosed by radiological examina-
tions in 6 (40.0%) patients, including 5 (33.3%) with 
severe and one (6.7%) with moderate COVID-19. 
Seven (46.7%) patients were discharged from the hos-
pital with a recovery from COVID-19. One (6.7%) pa-
tient with severe COVID-19 form died because of the 
progression of CML into the acceleration phase and 
SARS-CoV-2 infection consequences. One (6.7%) pa-
tient with severe evolution of COVID-19 died because 
of bilateral viral pneumonia, acute cardio-respiratory 
failure and CML progression into an acute phase 
(myeloid blast crisis). No other clinico-hematologic re-
lapses and progression of CML were registered. These 
results allowed to assume that those patients without 
hematologic response experienced the unfavorable 
evolution of both diseases: CML and COVID-19.

Non-infectious comorbidities were registered in 
4 of 5 patients with severe COVID-19 evolution, espe-
cially cardio-vascular diseases in 3 patients and type 
2 diabetes mellitus in 2 patients.

The moderate COVID-19 occurred repeatedly 
only in one (7.7%) alive patient with the initially 
mild form, stable complete hematologic response 
and minor molecular relapse of CML. The repeated 
SARS-CoV-2 infection evolved without pneumonia 
and did not require hospitalization.

DISCUSSION

Some studies regarding the epidemiological 
and diagnostic features of CML have already been 
published in the context of the pandemic with 

COVID-19. We searched the medical literature using 
Google Search, PubMed, Z-library, NCIB, Medscape, 
Hinari database, by the keywords: “chronic myeloid 
leukemia“, “COVID-19“, “diagnosis“, “incidence“, 
“morbidity rate“, “prevalence“, “mortality“, “survival“, 
“management“. More than 50 bibliographic sources 
have been studied. Thirty-two relevant primary sour-
ces were identified and selected on the basis of a sig-
nificant impact score and scientific, reproducible and 
transparent approach, followed by the consequent 
data extraction and analysis. Intending to minimize 
errors, a copy of the data extraction sheet was initially 
produced, listing all the elements to be selected from 
the primary studies20.

The epidemiological studies indicate the occur-
rence of CML at any age, with an average age of 50 
years at the time of diagnosis. Approximately 2.5% of 
cases with CML are attributed to the age group under 
20 years, 7.4% to the age group between 20-34 years 
and 33% to the age group under 40 years6,10,22-25. CML 
predominantly affects males, the male/female ratio 
being 1.2-1.3/126,27.

In the current epidemiological context, the as-
sociation of COVID-19 with CML is of both scien-
tific and practical interest, taking into account the 
immunocompromised status of patients with this my-
eloproliferative neoplasm. The epidemiological and 
clinical aspects of COVID-19 in patients with CML 
are controversially reflected in the literature28.

In this study, the average age of CML patients 
with COVID-19 (54.2 years) was higher, as compared 
with the totality of CML patients. COVID-19 affect-
ed mostly the males with CML, with the male/female 
ratio of 1.5/1.

The rate of moderate and severe COVID-19 
proved to be higher in CML patients than in the gen-
eral population29,30. The CANDID multicenter study 
reported to International Chronic Myeloid Leukemia 
Foundation (iCMLf) 110 cases of CML from 20 
countries, especially from Europe – 61%, Asia – 
15%, South America – 12%, North America – 10%, 
Africa – 2% and Oceania – 1%. At the beginning of 
COVID-19 pandemic, 46 hematologists reported only 
91 (0.7%) cases of COVID-19 in 12,236 patients with 
CML, which might suggest that the immune status 
in the chronic phase of CML was not a contributing 
factor in the development of this viral disease28. The 
age of patients diagnosed with COVID-19 ranged 
from 18 to 89 years, with a mean age of 54 years, 
which exceeded the mean age in the total CML popu-
lation reported in the majority of studies5,6,31 and was 
approaching to the same age indicator in our study. 
Nevertheless, the mean time from confirmation of 
CML diagnosis to the development of COVID-19 
was shorter than in our patients (84 months), with 
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the limits ranging between 6-300 months. The study 
of the infected patients showed that 77 (70%) re-
ceived standard chemotherapy with TKIs, 33 (30%) 
discontinued it during the diagnosis and treatment 
of the viral infection28. Eighteen (16%) patients were 
not treated with chemotherapy because of different 
reasons. COVID-19 progressed asymptomatically in 
8 (7%) cases, in mild forms without hospitalization 
in 49 (45%) cases, moderate forms with hospitaliza-
tion in 19 (17%) cases, severe forms with treatment 
in intensive care units in 19 (17%) cases. The rate of 
mortality from COVID-19 was 10.9%. The survival 
was analysed according to sex, age, chemotherapy 
protocol, comorbidities, anti-COVID-19 treatment 
and level of economic development of the country. 
The univariate analysis revealed a higher mortality 
rate in patients aged ≥ 75 years (60% vs 7% in those 
under 75 years, p<0.001), with severe forms of infec-
tion (63% vs 0% in non-severe forms, p< 0.001) and 
in patients over 75 years old treated with first gen-
eration TKIs (25% vs 3% against the background of 
second generation TKIs vs 0% in those without TKIs 
therapy, p = 0.003).

Another study of 125 hospitalized patients with 
hematologic tumours indicated a 10 percentile rate 
of COVID-19, but none of the subjects was diag-
nosed with CML12. Nonetheless, in the same time 
of pandemic with SARS-CoV-2 infection, 530 cases 
of CML were studied in 29 medical centers of the 
Anti-Cancer Association of Hubei (China)32. Five 
patients developed COVID-19, so the rate of this dis-
ease was 0.9%, nine times exceeding the rate (0.1%) 
in the healthy population, but lower than 10% report-
ed in the hospitalized patients with other malignant 
hematological tumours, and 7% in the healthy health 
care providers. The evolution of the infectious pro-
cess in CML cases has proved to be typical both in 
terms of the clinical picture and imaging of the chest 
on computed tomography scan. As in our study, the 
co-variables associated with an increased risk of de-
veloping COVID-19 among patients with CML were 
the exposure to persons infected with SARS-CoV-2 
(p = 0.037), lack of complete hematologic response (p 
= 0.003) and comorbidities (p = 0.024). A higher risk 
of developing COVID-19 was observed in patients 
with advanced CML (p = 0.004), despite obtaining 
a complete cytogenetic response or major molecular 
response in the period of exposure to SARS-CoV-2. 
During the treatment with TKIs, COVID-19 oc-
curred in one of 21 patients under the third gen-
eration medication, in 3 of 346 under the imatinib 
medication, and in none of the 162 who received the 
second generation (p = 0.096). These data may sug-
gest that the first and second generations of TKIs are 
associated with a reduced risk of COVID-19, which 

doesn’t match the corresponding data from the pre-
vious study. Other co-variables, such as age and du-
ration of treatment with TKIs, were not associated 
with an increased risk of developing COVID-19. It 
may be suggested that patients with identified risk 
factors should benefit from the increased surveillance 
in terms of SARS-CoV-2 infection, with the possibil-
ity of protective isolation and repeated testing until 
obtaining the complete hematologic response.

The main limitations of this study are related 
to the small number of CML patients diagnosed with 
SARS-CoV-2 infection.

CONCLUSIONS

This study indicated the predominance of 
COVID-19 in the working-age patients with CML, due 
to the immunocompromised status and comorbidities.
COVID-19 frequently affects unvaccinated CML pa-
tients of male gender and older than the average age 
of CML patients. SARS-CoV-2 infection is encoun-
tered in CML patients more frequently than in the 
general population, but less commonly than in other 
hematologic malignancies, being not influenced by 
Sokal score in our study.

Patients without hematologic response presented 
an unfavourable evolution of both diseases: CML and 
COVID-19. The mortality rate in patients with CML 
associated with COVID-19 is higher in those ≥ 75 
years old, with the advanced CML stage, severe forms 
of infection and in persons over 75 years old treated 
with first generation TKIs. No significant difference 
of COVID-19 morbidity was registered in patients 
below 75 years old, treated with different generations 
of TKIs.

The management of intermediate and high-risk 
CML patients should comprise the careful monitor-
ing for SARS-CoV-2 infection, with protective isola-
tion and repeated testing for COVID-19 until obtain-
ing the complete hematologic response.
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