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Ce nu este cunoscut, deocamdata, la subiectul
abordat

Ramin neconturate strategia de diagnostic al leu-
cemiei mieloide cronice in contextul pandemiei cu CO-
VID-19 prin coronavirus de tip nou, precum si corelatii-
le epidemiologice Intre aceste maladii severe.

Ipoteza de cercetare

A fost desfasurat studiul calitativ, secundar, analitic
- sinteza narativa a literaturii pentru a identifica carac-
teristicele epidemiologice si tendintele managerial-dia-
gnostice actuale ale leucemiei mieloide cronice.

Noutatea adusa literaturii stiintifice din do-
meniu

In calitate de premierd sunt sumarizate si sistema-
tizate recomandarile privind managementul diagnostic
contemporan al leucemiei mieloide cronice in contextul
epidemiologic actual.
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Brief title: Diagnostic management of chronic
meloid leukemia

What is unknown on the tackled subject so far

The diagnostic strategy in chronic myeloid leuke-
mia in the context of the pandemic with COVID-19 by
new type coronavirus, as well as the epidemiological
correlations between these severe diseases remain un-
clear.

Research hypothesis

The qualitative, secondary, analytical study was per-
formed - the narrative synthesis of the literature in or-
der to identify the epidemiological characteristics and
current trends of diagnostic management in chronic
myeloid leukemia.

Innovation contribution to the scientific litera-
ture in the field

As a premiere, recommendations on contemporary
diagnostic management of chronic myeloid leukemia
are summarized and systematized in the current epide-

\\miological context. Y,
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Rezumat

Introducere: Leucemia mieloida cronica (LMC) cuprinde
15 - 20% din toate cazurile de leucemii la adulti, fiind cel mai
frecvent Inregistrata neoplazie mieloproliferativa cronica, cu
un statut imunoconpromis la pacientii in fazele avansate. in
literatura periodica internationala se stipuleaza despre sus-
ceptibilitatea sporitd a pacientilor cu tumori maligne fata de
infectia cu SARS-CoV-2, 1nsa estimarile respective sunt con-
troversate, si nu este determinat riscul de contagiune in func-
tie de tipul histopatologic al hemopatiilor. Scopul studiului a
fost evaluarea comparativa a particularitatilor epidemiologi-
ce actuale si a randamentului contemporan de diagnosticare
a LMC pentru optimizarea tacticii managerial-diagnostice in
contextul pandemiei cu infectia COVID-19.

Material si metode: A fost realizat un studiu analitic,
calitativ, secundar - revista narativa a literaturii sub forma
de articol de sinteza. Sunt identificate si selectate 53 surse
primare relevante, semnificative dupa scorul de impact, cu
extragerea si analiza consecventa si stiintifica a datelor.

Rezultate: LMC variaza intre 0,8 - 2,0 cazuri la 100 mii
de populatie. Numarul total de pacienti diagnosticati cu LMC
a crescut anual cu 2% in perioada anilor 2007-2016. Intre
anii 1990-2017, cazurile de incidenta au scazut cu 34,9%
in chintilele cu SDI ridicat, fiind in crestere cu peste 60%
in chintilele cu SDI scazut, SDI mediu-mic si mediu. in anul
2017 s-a constat nivelul comparativ crescut de incidenta
standardizata pe varsta de decese (ASDR) (0,6 1a 100 mii de
populatie, 95% UI) si rata standardizata pe varsta (ASR) de
DALYs (disability-adjusted life-years sau ani de viata ajus-
tati la dizabilitati) (16,71 la 100 mii de populatie, 95% UI)
in chintile cu SDI scazut. Prin analiza RT-PCR de determi-
nare cantitativa a genei himerice BCR-ABL p210 in celulele
sangvine studiile publicate pun in evidenta variatiile mari
ale acesteea: 21.84 - 100% IS. FISH si PCR sunt capabili sa
detecteze variante rare de gena BCR-ABL si puncte de intre-
rupere care trec neobservate de citogenetica conventionala.

Concluzii: In pofida trendului de scidere per total a ASIR,
ASDR si DALYs standardizate pe varsta din contul chintilelor
cu SDI 1nalt, povara LMC se mentine stabild din cauza spo-
rului crescut al populatiei in tarile in curs de dezvoltare si a
imbatranirii populatiei in tarile dezvoltate. Managementul
pacientilor cu LMC primar diagnosticati, cu factorii de risc
crescut, trebuie sa includa supravegherea sporita prin pris-
ma infectarii de SARS-CoV-2, cu posibilitatea izolarii protec-
tive si testarii la infectia COVID-19. Managementul diagnos-
tic al pacientilor cu LMC include investigatiile morfologice,
citogenetice si molecular-genetice ale sangelui periferic si
maduvei osoase indiferent de faza clinico-evolutiva, metode
confirmative rezolutive fiind FISH si RT-PCR.

Cuvinte cheie: leucemia mieloida cronicd, incidenta,
mortalitatea, DALYs, infectia cu COVID-19, supravietuirea,
management, diagnostic molecular-genetic.

Introducere

Leucemia mieloida cronica (LMC) constituie o neoplazie
clonala a sistemului hematopoietic, care rezulta din trans-

Abstract

Introduction: Chronic myeloid leukemia (CML) com-
prises 15-20% of all leukemia cases in adults, being the
most common chronic myeloproliferative neoplasm, with
the patients’ immunocompromised status in the advanced
phases. The international periodical literature stipulates
the increased susceptibility of patients with malignant tu-
mors to SARS-CoV-2 infection, but the contagion risk is not
determined in regards to the histological type of hemato-
logic malignancies. The aim of the study was the compar-
ative evaluation of the current epidemiological patterns
and the contemporary diagnostics output in CML, axed on
the optimization of tactics of diagnosis management in the
context of the pandemic with COVID-19 infection.

Materials and methods: An analytical, qualitative,
secondary study was performed - the narrative review
of literature in the form of a synthesis article. Fifty three
relevant primary sources were identified and selected, ac-
cording to the significance of the impact score, with the
subsequent and scientific data extraction and analysis.

Results: CML varies between 0.8 - 2.0 cases per 100000
population. The total number of patients diagnosed with
CML increased annually by 2% during 2007-2016. In
2017, a comparatively high level of the age-standardized
death rate (ASDR) (0.6 per 100,000 population, 95% IU)
and the DALYs (disability-adjusted life-years) age-stan-
dardized rate (ASR) (16.71 per 100,000 population, 95%
IU) were registered in quintiles with low SDI. By the quan-
titative RT-PCR analysis of blood cells for BCR-ABL p210
gene transcript, the published studies highlight its large
variations: 21.84 - 100% IS. FISH and PCR are able to de-
tect rare BCR-ABL gene variants and breakpoints that may
go unnoticed by conventional cytogenetics.

Conclusions: Despite the declining overall trend of
ASIR, ASDR and age-standardized DALYs at the expense of
high SDI quintiles, the CML burden remains stable due to
the growing population in developing countries and the
aging population in developed countries. Management of
patients with primary diagnosed CML, with high risk fac-
tors, should include enhanced surveillance for SARS-CoV-2
infection. Diagnostics management of patients with CML
includes morphological, cytogenetic and molecular-genet-
ic investigations of the peripheral blood and bone marrow
regardless of the phase of clinical evolution, with FISH and
RT-PCR as proving resolutive modalities.

Key words: chronic myeloid leukemia, incidence, death
rate, DALYs, COVID-19 infection, survival, management,
molecular-genetic diagnosis.

Introduction

Chronic myeloid leukemia (CML) is a clonal neoplasm
of the hematopoietic system, which results from the ma-
lignant transformation of the pluripotent stem cell, with
the continuous ability to differentiate to all cell lines [1-5].
According to the contemporary bibliographic references,
CML is characterized by the uncontrolled multiplication
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formarea maligna a celulei stem pluripotente, cu capacita-
tea necontenitd de diferentiere catre toate liniile celulare
[1-5]. Conform referintelor bibliografice contemporane
LMC se caracterizeaza prin multiplicarea necontrolata a
celulelor seriei mieloide, cu cresterea masei granulocitare
circulante si totale, si cuprinde 15 - 20% din toate cazuri-
le de leucemii la adulti si fiind cel mai frecvent Inregistrata
hemopatie mieloproliferativa cronica [1, 3, 5-9]. LMC a fost
prezumtiv descrisa si recunoscuta ca o entitate nozologica
distinctiva de Craigie D. in anul 1845 [10-11]. In anul 1865
a fost documentata utilizarea arsenicului (solutia Fowler) in
tratamentul LMC. Conceptia de neoplazie mieloproliferativa
cronica ca reper morfologic si patogenetic al LMC a fost in-
trodusa de Dameshek in anul 1951 [12]. Morbiditatea prin
LMC creste cu varstd, cu incidenta maxima cuprinsa intre
45 si 60 de ani, ce denota afectarea preponderent a persoa-
nelor apte de munca [6, 13]. Sunt relatari in literatura peri-
odica internationalad despre susceptibilitatea sporita a paci-
entilor cu neoplazii maligne fata de infectia cu SARS-CoV-2
si incidenta crescutd a acesteia (1% [UI 95%, 0,6, 1,7%] in
raport cu populatia aparent sdnatoasa (0.1% [0, 0,12%]),
insa estimarile respective sunt controversate, si nu este de-
terminat riscul de contagiune in functie de tipul hemopati-
ilor maligne [14-16]. Cresterea indicilor morbiditatii In po-
pulatia apta de munca, diagnosticarea adesea tardiva a LMC
in contextul epidemiologic actual si nivelul semnificativ de
dizabilitate in fazele avansate ale maladiei pot fi considerate
ca subiecte majore ale hematooncologiei si sanatatii publi-
ce, ce a argumentat necesitatea cercetarii aspectelor epide-
miologice si managerial-diagnostice ale acesteia.

Scopul studiului a fost evaluarea comparativa a par-
ticularitatilor epidemiologice actuale si a randamentului
contemporan de diagnosticare a LMC pentru optimizarea
tacticii managerial-diagnostice in contextul pandemiei cu
infectia COVID-19.

Materiale si metode

A fost realizat un studiu analitic, calitativ, secundar - re-
vista narativa a literaturii sub forma de articol de sinteza.
Articolul a sumarizat si a sistematizat diferite studii prima-
re, dedicate aspectelor epidemiologice si diagnostice ale
LMC. Acumularea informatiei pentru cercetare s-a efectuat
prin analiza datelor din sursele bibliografice internationa-
le de specialitate si ale statisticii oficiale privind neoplazia
mieloproliferativd maligna respectiva. Pentru realizarea
scopului formulat, au fost cautate publicatiile stiintifice me-
dicale din baza de date GoogleSearch, PubMed, Z-library,
NCIB, Medscape, Hinari, dupd cuvintele-cheie: ,leucemie
mieloidd cronicd”, ,incidenta”, ,prevalenta”, ,mortalitatea”,
,Supravietuirea”, ,,management”, , diagnostic”, ,,COVID-19".
Au fost studiate peste 70 surse bibliografice de referinta.
Sunt identificate si selectate 53 surse primare relevante,
semnificative dupa scorul de impact, cu abordarea stiinti-
fica, reproductibila si transparenta a subiectului pus in dis-
cutie, cu extragerea si analiza ulterioara a datelor. Intentio-
nand minimalizarea erorilor, initial s-a produs un exemplar
de fisa de extragere a datelor, cu enumerarea tuturor ele-
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of myeloid series cells, with the increasing circulating and
total granulocyte load, comprises 15 - 20% of all cases of
leukemia in adults, being the most common chronic my-
eloproliferative hemopathy [1, 3, 5-9]. CML was presum-
ably described and recognized as a distinctive nosological
entity by Craigie D. in 1845 [10-11]. In 1865, the use of
arsenic (Fowler’s solution) in the treatment of CML was
documented. The concept of chronic myeloproliferative
neoplasm as a morphological and pathogenetic landmark
of CML was introduced by Dameshek in 1951 [12]. CML
modbidity increases with age, with a maximum incidence
between 45 and 60 years, which indicates the predomi-
nant involvement of a workable population [6, 13]. There
are the reports in the international periodical literature
about the increased susceptibility of patients with malig-
nant neoplasms to SARS-CoV-2 infection and its increased
incidence (1% [95% IU, 0.6, 1.7%] as compared to the ap-
parently healthy population (0.1% [0, 0.12%]), but these
estimations are controversial, and the contagion risk is
not determined in regards to the type of hematological
malignancy [14-16]. The increased incidence rates in the
working-age population, commonly late diagnosis of CML
in the current epidemiological context and the significant
level of disability in advanced stages of the disease can be
considered as major topics of hematooncology and public
health, which argued the need to study its epidemiological
and managerial-diagnostic aspects.

The aim of the study was the comparative evaluation
of the current epidemiological patterns and the contempo-
rary diagnostics output in CML, axed on the optimization
of tactics of diagnosis management in the context of the
pandemic with COVID-19 infection.

Materials and methods

An analytical, qualitative, secondary study was per-
formed - the narrative review of literature in the form of
a synthesis article. The article summarized and system-
atized various primary studies, dedicated to the epidemi-
ological and diagnostic aspects of CML. The accumulation
of information for this research was accomplished by ana-
lyzing data from the specialized international bibliograph-
ic sources and official statistics on the respective malig-
nant myeloproliferative neoplasm. In order to achieve the
formulated aim, the scientific medical publications were
searched over the GoogleSearch, PubMed, Z-library, NCIB,
Medscape, Hinari database, by the keywords: “chronic
myeloid leukemia”, “incidence”, “prevalence” , “mortality”,
“survival”, “management”, “diagnosis”, “COVID-19”. More
than 70 bibliographic sources of reference have been stud-
ied. Fifty three relevant primary sources were identified
and selected, according to the significance of the impact
score, with the scientific, reproducible and transparent
approach to the subject under discussion, with the subse-
quent data extraction and analysis. Intending to minimize
errors, a copy of the data extraction sheet was initially
produced, listing all the elements to be extracted from the
primary studies [17]. In order to diversify the conclusions,
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mentelor ce urmeaza a fi extrase din studiile primare [17].
In scopul diversificarii concluziilor rezultatele studiilor de
peste hotare au fost completate de datele publicate ale cer-
cetarilor din Republica Moldova. Realizand cercetare de tip
calitativ, a fost Intreprinsa sinteza narativa a datelor.

Actualitatile si realizarile privind diagnosticul LMC au
fost studiate prin prisma urmatoarelor aspecte:

- incidenta si mortalitatea prin LMC in functie de aria

geografica si nivelul indicelui social-demografic;

- povara globala a bolii;

- expunerea pacientilor cu LMC la risc de infectare cu
SARS-CoV2;

- randamentul investigatiilor morfologice, imunologi-
ce, citogenetice si moleculare in managementul dia-
gnostic al LMC.

Importanta practica a studiului consta in evidentierea
aspectelor prioritare de diagnostic al LMC, evaluarea riscu-
lui de infectare a bolnavilor de LMC cu SARS-CoV?2 si in ate-
nuarea efectelor negative ale pandemiei COVID-19 asupra
managementului LMC.

Rezultate si discutii

Aspectele epidemiologice si manageriale ale LMC sunt
relatate de referintele bibliografice internationale neunivoc
si continue sa stimuleze atat interes stiintific, cat si practic.
Datele cercetdrilor epidemiologice sumarizate atesta des-
pre depistarea LMC in orice varstd, cu media de 50 de ani
la momentul stabilirii diagnosticului. Rezultatele studiilor
publicate atesta ca aproximativ 2,5% de cazuri cu LMC sunt
atribuite grupului de varsta sub 20 ani [18], 7,4% - grupului
de varstd Intre 20 - 34 ani si 33% - categoriilor de varsta
sub 40 ani, ce denota rata ponderabild a pacientilor tineri
[6, 13, 19]. Incidenta LMC variaza intre 0,8 - 2,0 cazuri la
100 mii de populatie. Institutul National de Sanatate (Na-
tional Institutes of Health) a estimat numarul cazurilor di-
agnosticate de novo In SUA la 8950 si numarul deceselor de
la aceastd maladie la 1080 In 2017. Numarul total de paci-
enti diagnosticati cu LMC a crescut anual cu 2% in perioada
anilor 2007-2016, iar numarul total de decese s-a micsorat
anual cu 1% in perioada anilor 2008-2017 [20]. Indicele
supravietuirii peste 5 ani s-a majorat de la 22% In mijlocul
anilor 70 pana la 90% curent la pacientii care urmeaza ne-
contenit target-chimioterapie cu inhibitorii tirozinkinazei
de generatia 1 [21]. LMC predominant afecteaza persoanele
de sex masculin, raporul barbati : femei fiind 1,3-1,7 : 1. Stu-
dierea dezvoltarii LMC In functie de categoria de varstd a ar-
gumentat distingerea formelor juvenile si adulte a maladiei.

La nivel global Tnanul 2016 leucemiile au cauzat 10,2 mi-
lioane DALYs (disability-adjusted life-years sau ani de viata
ajustati la dizabilitati ), depasind indicele respectiv pentru
limfoamele maligne (6,8 milioane DALYs) [22]. Consideram
relevant studiul poverii globale a bolii din anul 2017, care a
analizat si a sistemaizat datele despre incidenta si mortali-
tatea anuald a LMC, DALYs, factorii atributivi de risc, precum
si informatia despre varsta, distribuire geografica si dupa
sex. Studiul GBD 2017 a divizat tdrile lumii In cinci chintile
de indice social-demografic (SDI). Sunt identificate 5 chin-

the results of foreign studies were supplemented by the
published research data from the Republic of Moldova.
Carrying out a qualitative research, the narrative synthesis
of data was undertaken.

The updates and milestones regarding the diagnosis of
CML were studied in the light of the following aspects:

- incidence and mortality by CML in regard of the
geographical area and the level of the social-demo-
graphic index (SDI);

- the global burden of the disease (GBD);

- the exposure of CML patients to the risk of SARS-
CoV2 infection;

- the output of morphological, immunological, cy-
togenetic and molecular investigations in the dia-
gnostic management of CML.

The practical importance of the study lies in highlight-
ing the priority diagnosis aspects of CML, assessing the
risk of infection of CML patients with SARS-CoV2 and re-
ducing the negative effects of the COVID-19 pandemic on
the management of CML.

Results and discussions

The epidemiological and management issues of CML
are related ambiguously by the international bibliograph-
ic references and continue to stimulate both scientific and
practical interest. The data from summarized epidemio-
logical studies attest to the detection of CML at any age,
with an average of 50 years at the time of diagnosis. The
results of the published studies show that approximately
2.5% of cases with CML are attributed to the age group un-
der 20 years [18], 7.4% - to the age group between 20 - 34
years and 33% - to the age groups under 40 years, which
denotes the ponderable rate of young patients [6, 13, 19].
The incidence of CML varies between 0.8 - 2.0 cases per
100000 population. The National Institutes of Health esti-
mated the number of cases diagnosed de novo in the United
States at 8950 and the number of deaths from this disease
at 1080 in 2017. The total number of patients diagnosed
with CML increased annually by 2% during 2007-2016,
and the total number of deaths decreased annually by 1%
during the years 2008-2017 [20]. The 5-year survival rate
years increased from 22% in the mid-70s to 90% currently
in patients undergoing continuous chemotherapy with 1st
generation tyrosine kinase inhibitors [21]. CML predomi-
nantly affects males, the male:female ratio being 1.3-1.7:1.
The study of the development of CML according to age cat-
egory argued the distinction between juvenile and adult
forms of the disease.

Globally, in 2016 leukemias caused 10.2 million DALYs
(disability-adjusted life-years), exceeding the respective
index for malignant lymphomas (6.8 million DALYs) [22]. It
is worth of considertation the study of the global burden of
disease in 2017, which analyzed and systematized data on
the incidence and annual mortality of CML, DALYs, risk at-
tributive factors, as well as information on age, geograph-
ical distribution and sex. The GBD 2017 study divided the
countries of the world into five quintiles of SDI. Five quin-
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tile de SDI (Inalt, Tnalt-mediu, mediu, jos-mediu, scazut) si
21 regiuni geografice. Cu referire la LMC, povara globala a
bolii a variat semnificativ de la tara la tara din cauza dife-
ritor posibilitati de screening precoce, accesibilitatii noilor
agenti antineoplazici si resurselor medicale [23-24]. Pentru
a descrie povara CML au fost analizate cazurile de inciden-
td anuala, cazurile de deces, DALYs si rata corespunzatoa-
re standardizata pe varsta (ASR). Modificarile procentuale
anuale estimate (EAPC) au fost calculate pe baza ASR si uti-
lizate pentru a cuantifica tendinta ASR. In anul 1990 inci-
denta standardizata pe varsta (ASIR) a fost superioara (1,34
la 100 mii de populatie) in chintile cu SDI Tnalt. Pana in anul
2017 s-a inregistrat o tendinta dramatizanta de crestere a
ASIR in chintile cu SDI scazut (0,65 la 100 mii de populatie,
95% UI), care au depasit chintile cu SDI inalt (0,53 la 100
mii de populatie, 95% UI). Referitor la distribuire geografi-
ca, in anul 2017 Europa de Vest cu incidenta de 61,62 x 10?
(95% UI) de cazuri si Asia de Sud cu incidenta de 80,44
x 10% (95% UI) de cazuri au ramas in topul celei mai mari
incidente dintre regiunile lumii. In acelasi an in aceste zone
geografice s-a constatat cel mai numarul de decese si DALYs
- respectiv 42,45 x 10% (95% UI) si 66,60 x 10% (95% UI),
68,46 x 10° (95% UI) si 207,79 x 10° (95% UI). In anul 1990
incidenta standardizata pe varsta de decese (ASDR) (0,92
la 100 mii de populatie, 95% UI) si ASR de DALYs (24,23 la
100 mii de populatie, 95% UI) au dominat in chintilele cu
SDI tnalt. In anul 2017 s-a constat situatia diametral opus3,
cu nivel comparativ crescut de ASDR (0,6 la 100 mii de po-
pulatie, 95% UI) si ASR de DALYs (16,71 la 100 mii de popu-
latie, 95% UI) 1In chintile cu SDI scazut. Studiul a evidentiat
ca ASIR (p=-0,610,p <0,01), ASDR (p=-0,471, p <0,01) si
rata DALYs standardizata in functie de varsta (p = - 0,403, p
<0,01) In 1990 a fost corelata negativ cu EAPC corespunza-
toare. Corelatiile intre SDI si EAPC de incidenta (p =- 0,509,
p <0,01), decese (p =- 0,620, p <0,01) si DALYs (p =-0,632, p
<0,01) au fost considerabil negative. Prin aceasta, studiul de
referintd a demonstrat un trend mai rapid de descrestere a
ASR 1n tarile cu referinte mai mari ale rezervorului de baza
ale bolii in 1990 sau cu SDI mai Tnalt in 2017. Asadar, ten-
dintele privind povara LMC relevate de studiul GBD au oferit
informatii importante pentru promovarea serviciilor medi-
cale si a sanatitii publice. In pofida trendului de sciadere per
total a ASIR, ASDR si DALYs standardizate pe varsta din con-
tul chintilelor cu SDI inalt, povara LMC se mentine stabila
din cauza sporului crescut al populatiei in tarile in curs de
dezvoltare si a imbatranirii populatiei in tarile dezvoltate
[22]. Intre anii 1990-2017, cazurile de incidentd au scizut
cu 34,9% In chintilele cu SDIridicat, fiind In crestere cu peste
60% 1n chintilele cu SDI scazut, SDI mediu-mic si mediu. Ta-
rile in curs de dezvoltare, astfel, continue sa suporte povara
ponderabila a LMC, la ce contribuie si accesul redus la trata-
ment cu inhibitorii tirozinkinazei [25]. Se rezuma despre re-
lationarea tendintelor epidemiologice ale LMC cu varsta si
sex, ceea ce exercitd un impact asupra factorilor de decizie
politicd [23]. Imbatranirea, direct proportionald reducerii
functiei celulelor stem hematopoietice, este considerat un
factor esential asociat cu leucemogeneza [26, 27]. Supravie-
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tiles of SDI (high, high-medium, medium, low-medium,
low) and 21 geographical regions have been identified.
With regard to CML, the GBD has varied significantly from
country to country due to different possibilities for early
screening, accessibility of new antineoplastic agents and
medical resources [23-24]. In order to describe the CML
burden, annual incidence cases, death cases, DALYs and
the corresponding age-standardized rate (ASR) were an-
alyzed. The estimated annual percentage changes (EAPC)
were calculated on the ASR base and used to quantify the
ASR trend. In 1990, the age-standardized incidence rate
(ASIR) was higher (1.34 per 100000 population) in quin-
tiles with high SDI. By 2017, there was a dramatic upward
trend of ASIR in low SDI quintiles (0.65 per 100000 popula-
tion, 95% IU), which exceeded high SDI quintiles (0.53 per
100000 population, 95% IU). Regarding the geographical
distribution, in 2017 Western Europe with an incidence of
61.62 x 102 (95% IU) of cases and South Asia with an inci-
dence of 80.44 x 10% (95% IU) of cases remained in the top
of the higher incidences among regions of the world. In the
same year in these geographical areas the highest number
of deaths and DALYs was found - respectively 42.45 x 10?
(95% IU) and 66.60 x 10% (95% IU), 68.46 x 10° (95% IU)
and 207.79 x 103 (95% IU). In 1990 the age-standardized
death rate (ASDR) (0.92 per 100000, 95% IU) and the ASR
of DALYs (24.23 per 100000, 95% IU) proved to be supe-
rior in quintiles with high SDI. In 2017, the situation was
diametrically opposed, with a comparatively high level of
ASDR (0.6 per 100000 population, 95% IU) and ASR of
DALYs (16.71 per 100000 population, 95% IU) in quintiles
with low SDI. The study found that ASIR (p = - 0.610, p
<0.01), ASDR (p =- 0.471, p <0.01) and age-standardized
DALYs rate (p =- 0.403, p <0.01) ) in 1990 manifested neg-
ative correlation with the corresponding EAPC. The cor-
relations between SDI and EAPC incidence (p = - 0.509, p
<0.01), deaths (p =- 0.620, p <0.01) and DALYs (p =-0.632,
p<0.01) were also considerably negative. Herewith, the
the referring study could demonstrate a faster decreasing
trend of ASR in countries with bulkier disease reservoir
baseline in 1990 or with higher SDI in 2017. Therefore,
the trends in the CML burden revealed by the GBD study
provided important information for the promotion of
medical services and public health. Despite the declining
overall trend of ASIR, ASDR, and age-standardized DALYs
in quintiles with high SDI, the CML burden remains stable
due to increased population growth in developing coun-
tries and an aging population in developed countries [22].
Between 1990-2017, the incidence decreased by 34.9% in
quintiles with high SDI, increasing by over 60% in quin-
tiles with low SDI, medium-small and medium SDI. Devel-
oping countries, thus, continue to bear the heavy burden
of CML dute to contribution of their reduced access to
treatment with TKIs [25]. It is summarized about the rela-
tionship between the epidemiological trends of CML with
age and gender, which has an impact on policy-makers
[23]. Aging, directly proportional to the reduction of he-
matopoietic stem cell function, is considered an essential
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tuirea pacientilor cu LMC este legata de varsta, care serveste
un factor esential pentru selectarea optiunilor de tratament
[28-29]. Chintilele cu SDI mai inalt si populatia imbatranita
au demonstrat o proportie mai semnificativa de pacienti cu
varsta peste 70 de ani. Barbatii au constituit un grup de risc
mai mare pentru dezvoltarea LMC comparativ cu femei, iar
raportul barbati/femei a variat intre 1,2 si 1,7 [30-31]. Se
evocd, precum supravietuirea generala superioard, statutul
hormonal al femeilor, factorii genetici si de mediu ar putea
avea impact asupra distributiei pe varste a pacientilor cu
LMC [32-33]. Totodatd, in chintilele cu SDI scazut, ASDR si
DALYs la femei au depasit indicatorii respectivi la barbati in
2017. Studiile epidemiologice au constatat la sexul feminin
din tarile cu venituri mici o tendinta de crestere a mortalita-
tii din cauza optiunilor inadecvate de screening si tratament
precoce [24, 32-33].

In contextul epidemiologic actual prezinti interes atat
stiintific cat si practic major asocierea infectiei COVID-19
cu LMC, pe fundal de un statut aparent imunocompromis al
pacientilor cu hemopatia maligna respectiva. Aspectele epi-
demiologice si evolutive ale infectiei COVID-19 la pacientii
cu LMC sunt reflectate in literatura internationala contem-
porana controversat [34].

Conform rezultatelor studiului multicentric CANDID
110 cazuri de LMC din 20 tari au fost raportate catre iCMLf
(Fundatia internationald de leucemie mieloida cronicd), in
special din cele europene - 61%, asiatice - 15%, sud-ame-
ricane - 12%, nord-americane - 10%, africane - 2% si
oceanice - 1%. Patruzeci si sase doctori-hematologici au
raportat numai 91 (0,7%) cazuri de infectie COVID-19 din
12236 pacienti cu LMC, aflati sub supravegherea lor, ce
ne poate sugera ca statutul imun 1in faza cronica a LMC
nu este un factor favorizant in dezvoltarea acestei mala-
dii virale severe [35]. Varsta pacientilor cu diagnosticul
de COVID-19 a variat Intre 18-89 ani, cu media de 54 ani,
care a depasit media de varsta in populatia totala cu LMC,
raportatd in majoritatea studiilor [5, 6, 36]. Timpul mediu
de la confirmarea diagnosticului de LMC pana la dezvol-
tarea infectiei COVID-10 a fost 7 ani, cu extreme cuprinse
intre 0,5-25 ani. Autorii au relatatat ca din toti pacientii
infectati 77 (70%) au urmat chimioterapia standarda cu
inhibitorii tirozinkinazei, 33 (30%) au intrerupt-o in peri-
oada diagnosticarii si tratamentului infectiei si 18 (16%)
nu au fost tratati cu chimioterapie din diferite motive. In-
fectia COVID-19 a evoluat asimptomatic in 8 (7%) cazuri,
in forma usoara fara spitalizare - in 49 (45%), medie cu
spitalizare - in 19 (17%), grava cu tratament in unitatile
de terapie intensva - In 19 (17%), fiind de severitate ne-
determinata in 15 (14%) cazuri. Decesul de la COVID-19
s-a constatatla 12 (10,9%) pacienti. Supravietuirea a fost
analizata In functie de sex, varstd, protocol de chimiote-
rapie, comorbiditati, tratament anti-COVID-19 si nivel de
dezvoltare economica a tarii. Analiza univariationald a de-
monstrat rata mortalitatii mai fnalta la pacientii cu varsta
> 75 ani (60% vs 7% la cei sub 75 ani, p<0.001), forma se-
verd a infectiei (63% vs 0% In forme non-severe, p<0.001)
si la pacientii varstnici de peste 75 ani tratati cu generatia

factor associated with leukemogenesis [26-27]. The sur-
vival of patients with CML is age-related, which serves as
a key factor in the selection of treatment options [28-29].
Quintiles with higher SDI and an aging population showed
a more significant proportion of patients over 70 years of
age. Males formed a higher risk group for developing CML
as compared to females, and the male:female ratio ranged
from 1.2 to 1.7 [30-31]. It is evoked, such as higher overall
survival, the hormonal status of females, genetic and envi-
ronmental factors could have an impact on the age distri-
bution of patients with CML [32-33]. At the same time, in
quintiles with low SDI, the ASDR and DALYs in women ex-
ceeded the respective indicators in males in 2017. Epide-
miological studies found in females from the low-income
countries a tendency of mortality increase due to the inad-
equate early screening and treatment [24, 32-33].

In the current epidemiological context, the association
of COVID-19 infection with CML is of both scientific and
practical interest, taken into account an apparently immu-
nocompromised status of patients with this myeloprolifer-
ative neoplasm. The epidemiological and evolution aspects
of COVID-19 infection in patients with CML are reflected
controversially in the contemporary international litera-
ture [34].

According to the results of the CANDID multicenter
study, 110 cases of CML from 20 countries were reported
to iCMLf (International Chronic Myeloid Leukemia Foun-
dation), especially from European - 61%, Asians - 15%,
South Americans - 12%, North Americans - 10%, African
- 2% and Oceanic - 1%. Forty-six haematologists reported
only 91 (0.7%) cases of COVID-19 infection in 12236 pa-
tients with CML under their supervision, which may sug-
gest that immune status in chronic phase of CML is not a
contributing factor in the development of this severe viral
disease [35]. The age of patients diagnosed with COVID-19
ranged from 18 to 89 years, with a mean age of 54, which
exceeded the mean age in the total CML population re-
ported in the majority of studies [5, 6, 36]. The mean time
from confirmation of CML diagnosis to the development
of COVID-10 infection was 7 years, with the limits ranging
between 0.5-25 years.

The authors reported that of all infected patients, 77
(70%) received standard chemotherapy with TKIs, 33
(30%) discontinued it during the diagnosis and treatment
of the infection, and 18 (16%) were not treated with che-
motherapy due to different reasons. COVID-19 infection
progressed asymptomatically in 8 (7%) cases, in mild form
without hospitalization - in 49 (45%), medium with hospi-
talization - in 19 (17%), severe with treatment in intensive
care units - in 19 (17%), being of indeterminated severi-
ty in 15 (14%) cases. Death from COVID-19 was found in
12 (10.9%) patients. The survival was analyzed according
to sex, age, chemotherapy protocol, comorbidities, an-
ti-COVID-19 treatment and level of economic development
of the country. Univariate analysis showed a higher mor-
tality rate in patients aged = 75 years (60% vs 7% in those
under 75 years, p<0.001), severe form of infection (63%
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1 de inhibitori ai tirozinkinazei (25% vs 3% pe fundal de
generatia 2 de inhibitori ai tirozinkinazei vs 0% la cei fara
terapie cu inhibitorii tirozinkinazei, p=0.003).

Intr-un alt studiu efectuat pe 125 de pacienti spitalizati
cu hemopatii maligne s-a constatat o rata de 10 percentile
(6, 17%) de cazuri de infectie cu COVID-19, insa niciunul
dintre subiectii vizati nu a fost diagnosticat cu LMC [15]. In
pofida rezultatelor acestui studiu in acelasi an in perioada
pandemiei cu infectia SARS-CoV-2 au fost studiate 530 de
cazuri cu LMC din 29 centre medicale ale Asociatiei An-
ti-Cancer din Hubei (China) [37]. Cinci pacienti au dezvol-
tat infectia cu COVID-19, prevalenta acestei maladii, astfel,
a constituit 0,9% (Intervalul de confidentialitate 95%, 0,1,
1,8%), depasind de noua ori indicatorul respectiv (0,1%
(0, 0,12%)) In populatia sanatoasa, insa fiind inferior ce-
lui de 10% (6, 17%) raportat la bolnavii spitalizati cu alte
hemopatii maligne si de 7% (4, 12%) la prestatorii sa-
natosi de servicii medicale. Evolutia procesului infectios
in cazurile cu LMC s-a dovedit a fi tipica atat ce priveste
tabloul clinic, cat si cel imagistic la tomografia compute-
rizatd a toracelui. Co-variatii asociate cu un risc crescut
de a dezvolta COVID-19 in randul pacientilor cu LMC au
fost expunerea la persoanele infectate cu SARS-CoV-2 (P =
0,037), lipsa raspunsului hematologic complet (P = 0,003)
si comorbiditatile (P = 0,024). Totodata majorarea riscului
de dezvoltare a infectiei cu COVID-19 a fost observata la
pacientii cu fazele avansate ale LMC (P = 0,004) in pofida
obtinerii raspunsului cytogenetic complet sau raspunsului
molecular major in momentul expunerii la SARS-CoV-2. In
cadrul tratamentului cu inhibitorii tirozinkinazei infectia
cu COVID-19 s-a dezvoltat la unul din 21 bolnavi pe fundal
de medicatie cu generatia a 3-a, la 3 din 346 pe fundal de
medicatie cu imatinib mesylate si la niciunul din 162, care
au primit generatia a 2-a (P = 0.096). Din datele respec-
tive se poate sugera, ca generatiile 1 si 2 de inhibitori de
tirozinkinaza se asociaza cu riscul redus de iImbolnavire
cu COVID-19, fapt ce infirma evaluarile corespunzatoare
din studiul anterior analizat. Altele co-variatii ca varsta
si durata tratamentului cu inhibitorii tirozinkinazei nu au
fost asociate cu riscul crescut de dezvoltare a infectiei cu
COVID-19. Se poate recapitula ca pacientii cu factori iden-
tificati de risc crescut in plan managerial trebuie sa bene-
ficieze de supravegherea sporitad prin prisma infectarii de
SARS-CoV-2, cu posibilitatea izolarii protective si testarii.

In majoritatea surselor bibliografice contemporane,
studiilor publicate si bazate pe loturi reprezentative de
cazuri sunt identificate si se constata toate 3 stadii cli-
nico-evolutive ale LMC: cronica (precoce si tardiva), de
accelerare si acuta [1-3, 18, 38-40]. Conform rezultatelor
unui studiu din Federatia Rusa, din 5655 pacienti Inrolati
in registrul LMC majoritatea covarsitoare (93,1%) au fost
diagnosticati in faza cronica si numai 6,4% - in faza de ac-
celerare, criza blastica fiind minora la numar (0,4%). Re-
partizarea procentuala mentionata a bolnavilor de LMC
dupa faze este comparabild cu rezultatele altor cercetari
internationale, cat si a celor autohtone (faza cronica -
92,3%, de accelerare - 7,7%) in domeniul neoplaziilor
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vs 0% in non-severe forms, p < 0.001) and in patients over
75 years of age treated with generation 1 TKIs (25% vs 3%
against the background of 2nd generation TKIs vs 0% in
those without therapy with TKIs, p = 0.003).

Another study of 125 hospitalized patients with malig-
nant haematological neoplasms revealed a 10 percentile
rate (6, 17%) of COVID-19 infection, but none of the sub-
jects were diagnosed with CML [15] . Despite the results
of this study in the same year during the pandemic with
SARS-CoV-2 infection, 530 cases of CML were studied in
29 medical centers of the Anti-Cancer Association of Hu-
bei (China) [37]. Five patients developed COVID-19 infec-
tion, so the prevalence of this disease was 0.9% (95%, 0.1,
1.8% privacy interval), nine times exceeding that indica-
tor (0,1% (0, 0,12%)) in the healthy population, but being
lower than 10% (6, 17%) reported in the hospitalized pa-
tients with other malignant hematological neoplasms and
7% (4, 12%) - in the healthy health care providers. The
evolution of the infectious process in cases with CML has
proven to be typical both in terms of the clinical picture
and the imaging of the chest on computed tomography.
Co-variations associated with an increased risk of devel-
oping COVID-19 among patients with CML were exposure
to persons infected with SARS-CoV-2 (P = 0.037), lack of
complete hematologic response (P = 0.003) and comorbid-
ities (P = 0.024). At the same time, the increased risk of
developing COVID-19 infection was observed in patients
with advanced CML (P = 0.004) despite obtaining a com-
plete cytogenetic response or major molecular response at
the time of exposure to SARS-CoV-2. During the treatment
with TKYs, COVID-19 infection developed in one of 21 pa-
tients under the 3rd generation medication, in 3 of 346 un-
der the imatinib mesylate medication, and in none of the
162 who received the 2nd generation (P = 0.096). From
these data it can be suggested that generations 1 and 2 of
TKIs are associated with a reduced risk of COVID-19 in-
fection, which disapproves the corresponding evaluations
from the previous study. Other co-variations such as age
and duration of treatment with TKIs were not associated
with an increased risk of developing COVID-19 infection. It
can be recapitulated that patients with identified risk fac-
tors should benefit under the management plan from the
increased surveillance in terms of SARS-CoV-2 infection,
with the possibility of protective isolation and testing.

In the majority of contemporary bibliographic sourc-
es, published studies, based on representative batches of
cases there are identified and registered all 3 clinical-evo-
lutionary stages of CML: chronic (early and late) , acceler-
ation and acute [1-3, 18, 38-40].

According to the results of a study from the Russian
Federation, of 5655 patients enrolled in the CML register,
the vast majority (93.1%) were diagnosed in the chronic
phase, only 6.4% - in the acceleration phase and minor
number (0,4%) - in the blast crisis. The mentioned per-
centage distribution of CML patients by phases is compa-
rable with the results of other international researches, as
well as local ones (chronic phase - 92.3%, acceleration -
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mieloproliferative cronice [8, 18, 21, 40]. Datele referinte-
lor bibliografice permit de a rezuma despre perfectionari
in abordarea diagnostica a fazei cronice tardive, cu siste-
matizarea si gruparea simptomelor clinice, rezultatelor
investigatiilor si evidentierea la majoritatea pacientilor a
4 sindroame: de intoxicare tumorald, de proliferare tumo-
rala (hepato- si splenomegalie), anemic si de complicatii
trombotico-hemoragice [19]. Diagnosticul este fi dificil
de stabilit in termeni rezonabili in 15 - 30% de cazuri de
evolutie asimptomatica a fazei cronice tardive. Totodata se
relateaza despre asocierea fazei cronice tardive cu com-
plicatii cauzate de hiperleuco- si trombocitoza (infarct al
splinei, edem al retinei, microtromboze retiniene, in corp
cavernos, stupor, apoplexia ovariana, dereglari neuro-sen-
zoriale etc.) [41-43]. Supravietuirea medie a pacientilor
cu faza cronica fara tratament specific este de 3-5 ani, cu
faza de accelerare - 1-2 ani [9]. Prezintd interes practic
un aspect clinico-evolutiv sub forma de transformarea la
20% de pacienti a fazei cronice tardive In criza blastica
fara dezvoltarea fazei de accelerare, ce impune schimba-
rea radicala a tacticii curativ-manageriale. Conform con-
ceptiilor si clasificarilor contemporane hepato- si spleno-
megalia nu sunt considerate ca criterii de transformare a
LMC in fazele avansate [1, 19]. Tabloul clinico-hematologic
in faza acutd corespunde tabloului clinico-hematologic al
leucemiei acute, cu complicatii infectioase si hemoragice,
manifestandu-se In functie de tipul morfologic si spectrul
imunofenotipic al crizei blastice: mieloid (50-80%), lim-
foid (20-30%) sau nediferentiat (< 25%). Supravietuirea
medie a pacientilor cu faza acuta variaza Intre 3-6 luni, fi-
ind asociata cu un statut imunocompromis si prognostic
nesemnificativ mai favorabil in criza limfoblastica, ce ar-
gumenteazad importanta majora de diagnosticare precoce
a LMC, in special in contextul epidemiologic actual.

Conform ghidurilor si recomandarilor clinice contem-
porane investigatiile morfologice, citogenetice (standar-
da, FISH) si molecular-genetice ale sangelui periferic si
maduvei osoase au devenit etapele indispensabile de ma-
nagement diagnostic indiferent de faza clinico-evolutiva
a LMC [19, 43]. Analizele morfocitochimice (reactiile la
mieloperoxidaza, lipide, PAS, a-naftilesteraza), imunofe-
notiparea celulelor leucemice (cu scorul unui indicator de
fenotip = 1) sunt practicabile si rezultative in fazele avan-
sate. Asadar, in criza mieloblastica in celulele blastice se
constata expresia fenotipului CD13, CD33, CD34, CD117
[9]. Faza acutad de tip limfoblastic B-celular se confirma
in mod uzual de expresia imunofenotipului CD19, CD20,
CD22. Imunofenotipul CD5, CD8, CD10 atesta criza T-lim-
foblastica. Conform Recomandarilor Grupului European
(EuroFlow Group) pentru Clasificarea Imunologica a Leu-
cemiilor Acute scorul sumar peste 2 puncte sunte necesare
pentru determinarea liniei celulare [44]. In aspiratul me-
dular se vizualizeaza clastere de celulele blastice, care de-
pasesc 20%. In sangele periferic se depisteazi fragmente
de nuclee megacariocitare, eritrocariocite. in unele cazuri
faza acuta evolueaza sub forma de sarcomatizare, cu afec-
tarea limfoganglionilor, oaselor, altor organe.

7.7%) in the field of chronic myeloproliferative neoplasms
[8, 18, 21, 40]. The data of the bibliographic references
allow to summarize about the improvements in the diag-
nostic approach to the late chronic phase, with the system-
atization and grouping of clinical symptoms, the results
of investigations and highlighting 4 syndromes in most
patients: tumor intoxication, tumor proliferation (hepato-
and splenomegaly), anemic and thrombotic-hemorrhagic
complications [19]. The diagnosis is difficult to establish in
reasonable terms in 15-30% of cases with asymptomatic
evolution of the late chronic phase. At the same time, it is
reported about the association of the late chronic phase
with complications caused by hyperleuko- and thrombo-
cytosis (spleen infarction, retinal edema, retinal micro-
thrombosis, microthrombosis in the corpus cavernosum,
stupor, ovarian apoplexy, neuro-sensory disorders, etc.)
[41-43]. The average survival of patients without specific
treatment is 3-5 years in the chronic phase, and 1-2 years
in the acceleration phase [9]. It may be considered of prac-
tical interest a clinical-evolutionary aspect of transforma-
tion of the late chronic phase into a blastic crisis in 20%
of patients without the development of the acceleration
phase, which requires a radical change in therapeutic man-
agement tactics. According to contemporary conceptions
and classifications, hepato- and splenomegaly are not con-
sidered as criteria for transforming CML in advanced stag-
es [1, 19]. The clinical-hematological picture in the acute
phase corresponds to the clinical-hematological picture of
acute leukemia, with infectious and hemorrhagic compli-
cations, manifesting itself in regard to the morphological
type and immunophenotypic spectrum of the blast crisis:
myeloid (50-80%), lymphoid (20-30 %) or undifferentiat-
ed (< 25%). The average survival of patients with the acute
phase varies between 3-6 months, being associated with
a insignificantly less unfavorable immunocompromised
status and prognosis in the lymphoblastic crisis, which ar-
gues the major importance of early diagnosis of CML, espe-
cially in the current epidemiological context.

According to contemporary clinical guidelines and
recommendations, morphological, cytogenetic (standard,
FISH) and molecular-genetic examinations of peripheral
blood and bone marrow have become indispensable steps
of diagnostic management regardless of the clinical-evolu-
tionary phase of CML [19, 43]. Morphocytochemical ana-
lyzes (reactions for myeloperoxidase, lipids, PAS, a-naph-
thylesterase), immunophenotyping of leukemic cells (with
a score of a phenotype indicator = 1) are practicable and
resultant in the advanced stages. Therefore, the expres-
sion of the phenotype CD13, CD33, CD34, CD117 is found
in blast cells in the myeloblastic crisis [9]. The acute B-cell
lymphoblastic phase is usually confirmed by the expres-
sion of the immunophenotype CD19, CD20, CD22. The
immunophenotype CD5, CD8, CD10 assesses the T-lym-
phoblastic crisis. According to the Recommendations of
the European Group (EuroFlow Group) for Immunologi-
cal Classification of Acute Leukemias the summary score
over 2 points is necessary for the determination of the cell
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De subliniat, cd LMC a fost prima neoplazie maligna
identificata in asociere cu aberatia cromozomiald [13]. In
anul 1960 savantii din SUA G. Nowell si D. Hungerford au
detectat In celulele maduvei osoase la pacientii cu LMC
translocatia t(9;22)(q34;q11) sau cromozomul Philade-
Iphia (Ph-cromozom) [4], care se formeazad in rezultatul
translocatiei reciproce intre bratele lungi ale cromozomi-
lor 9 si 22 si se evidentiaza in toate liniile celulare medula-
re in diviziune. Aberatia cromozomiald respectiva consti-
tuie marcherul citogenetic al LMC, asigura un diagnostic
cert si, conform studiilor publicate in literatura periodica
internationald, se determina in dinamica prin examenul
citogenetic conventional sau FISH pentru evaluarea obiec-
tiva a raspunsului citogenetic la tratament cu inhibitorii
tirozinkinalzelor [6, 39, 48]. In studiile publicate rata ce-
lulelor medulare pozitive la Ph-cromozom a variat intre 20
-100% [13, 18]. In majoritatea absolutd de cazuri (72,7%)
Ph-cromozom a fost depistat in peste 70% de elemente ce-
lulare ale maduvei osoase, asigurind un diagnostic rapid si
cert. Dincolo de simpla translocare reciproca intre cromo-
zom 9 si 22, aproximativ 5-10% din cazurile de LMC pot
avea alte variante de Ph-translocatii. Aceste variante sim-
ple implica una sau mai multe cromozomi in plus fata de 9
si 22, cromozomul 22 find mereu in schimbare. Modificari-
le secundare sau alte rearanjamente cromozomiale cripti-
ce complexe in BCR-ABL1 pot fi observate in 9-16% dintre
pacientii cu LMC [45, 46]. Totodata, 30-50% din variantele
cromozomiale In LMC prezintd gene fuzionate care pot fi
detectate numai prin tehnici moleculare precum FISH sau
reactia in lant a polimerazei (PCR) [47]. Merita atentie, ca
evolutia clonald a LMC cu transofrmarea fazei cronice in
faza de accelerare poate fi asociatd cu aparitia aberatiilor
cromozomiale suplimentare, In special a trisomiei 8, izo-
cromozomului 17 si duplicatului Ph-cromozomului [9].
Aceste aberatii citogenetice sunt considerate ca criterii
diagnostice a fazei de accelerare si trebuie aplicate 1n dia-
gnosticul diferential cu faza cronica si leucemia acuta.

Identificarea genei himerice de fuziune BCR-ABL si a
transcriptelor p210, p190 si p230 cu activitatea tirozinki-
nazica profileaza LMC la nivel molecular. Datorita formarii
oncogenului de fuziune BCR-ABL1 activitatea tirozinki-
nazica a portiunii ABL1 creste, servind ca trigger-factor
al malignizarii fenotipului. In oncogenul BCR se interca-
leaza punctul de intrerupere, care genereaza transloca-
tia t(9;22)(q34;q11) in LMC si implica exonele el12-e16
(cunoscute ca b1-b5) In regiunea majora (M-bcr). Prote-
ina p210 - produsul de transcriptie in regiunea majora
(M-bcr) - se depisteaza la majoritatea pacientilor cu LMC
si este responsabila de fenotipul clasic al LMC. Proteina
p190 se formeaza in urma rearanjarii regiunii m-bcr, re-
flecta producerea transcriptului ela2, se determina mai
rar in LMC si denotad o evolutie defavorabild a maladiei,
adesea cu rezisenta la chimioterapie. Mai putin frecvent se
identifica produsul de transcriptie p230 In regiunea p-bcr,
care se asociaza cu progresarea lenta a maladiei. BCR-ABL
oncogen actioneaza prin semnalizarea mitogenica, influ-
enteazd degradarea proteozom-mediatd, alterind cascada
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line [44]. Blast cell clusters are seen in the medullary aspi-
rate, which exceed 20%. Fragments of megakaryocyte nu-
clei and erythrocaryocytes are detected in the peripheral
blood. In some cases the acute phase evolves in the form of
sarcomatization, affecting the lymph nodes, bones, other
organs.

It should be noted that CML was the first malignant
neoplasm identified in association with chromosomal
aberration [13]. In 1960, USA scientists G. Nowell and D.
Hungerford detected translocation t(9;22)(q34;q11) in
bone marrow cells in CML patients, named as the Phil-
adelphia chromosome (Ph-chromosome) [4], which is
formed as a result of mutual translocation between the
long arms of chromosomes 9 and 22. It is distinguishable
in all dividing medullary cell lines. This chromosomal ab-
erration is the cytogenetic marker of CML, ensures a defin-
itive diagnosis and, according to studies published in the
international periodical literature, has to be determined
by conventional cytogenetic examination or FISH during
patient follow-up for objective evaluation of cytogenetic
response to the treatment with TKIs [6, 39, 48 ]. In pub-
lished studies, the rate of Ph-chromosome-positive bone
marrow cells ranged from 20 to 100% [13, 18]. In the ab-
solute majority of cases (72.7%) Ph-chromosome was de-
tected in over 70% of bone marrow cellular elements and
could ensure a quick and reliable diagnosis. Beyond simple
mutual translocation between chromosomes 9 and 22, ap-
proximately 5-10% of CML cases may have other types of
Ph-translocations. These simple types involve one or more
chromosomes in addition to 9 and 22, with chromosome
22 always changing. Secondary changes or other complex
cryptic chromosomal rearrangements in BCR-ABL1 can be
observed in 9-16% of patients with CML [45, 46]. At the
same time, 30-50% of chromosomal types in CML repre-
sent fused genes that can be detected only by molecular
techniques such as FISH or polymerase chain reaction
(PCR) [47]. It is worth noting that the clonal evolution of
CML with the transformation of the chronic phase into the
acceleration phase may be associated with the appearance
of additional chromosomal aberrations, especially triso-
mia 8, isochromosome 17 and Ph-chromosome duplicate
[9]. These cytogenetic aberrations are considered as diag-
nostic criteria for the acceleration phase and should be ap-
plied in the differential diagnosis with chronic phase and
acute leukemia.

Identification of the chimeric BCR-ABL fusion gene
and transcripts p210, p190 and p230 with tyrosine ki-
nase activity profiles CML at the molecular level. Due to
the formation of the BCR-ABL1 fusion oncogene, the tyro-
sine kinase activity of the ABL1 portion increases, serving
as a trigger-factor of the malignant transformation of the
phenotype. The breakpoint is inserted in the BCR onco-
gene, which generates the translocation t(9;22)(q34;q11)
in CML and involves the e12-e16 exons (known as b1-b5)
in the major region (M-bcr). The p210 protein - the major
transcription product (M-bcr) - is found in most patients
with CML, being responsible for the classic CML pheno-
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de transmitere a semnalelor si mentinind constant activa
cresterea celulara. Celulele leucemice prolifereaza, cu ex-
tinderea treptata in cavitdtile medulare si reducerea clonei
de celule hematopoietice normale, ce se poate determina
procentual cu precizie prin Imbinarea examenului cito-
morfologic, FISH si RT-PCR al aspiratului medular.

FISH si PCR sunt capabili sa detecteze variante rare
de gena BCR-ABL si puncte de intrerupere care trec ne-
observate de citogenetica conventionald, cu specificitate
si sensibilitate mai Tnalte, pe langa un diagnostic rapid.
Aceste tehnici sunt mai sensibile si mai importante nu
numai pentru diagnosticul si evaluarea raspunsului la
tratament, dar si pentru diferentierea de alte neoplazii
mieloproliferative cronice. Autorii rezum, ca FISH este re-
comandat pentru diagnostic in cazurile in care Ph-cromo-
zomul nu este detectabil de citogenetica clasica. Tehnici
precum PCR cantitativa in regimul timpului real (RQ-PCR)
sau PCR cu transcriptia inversa (RT-PCR) sunt metode de
electie atat pentru un diagnostic précis, cat si pentru de-
terminarea bolii reziduale minimale dupa transplantul
medular datorita sensibilitatii lor superioare, permitand
diagnosticarea precoce a recidivei bolii si fiind mai efici-
ente in determinarea raspunsului la tratament in raport
cu metodele clasice [49]. Daca celulele medulare nu pot fi
obtinute, examenul citogenetic al cromozomilor bandati
poate fi substituita cu FISH interfaza a celulelor sanguine,
utilizdnd sonde duale de fuziune dual color care permit
detectarea BCR-ABL + nuclee. Analiza cromozomilor ban-
dati este necesara pentru detectarea anomaliilor cromo-
zomiale suplimentare. FISH poate deveni necesar in de-
terminarea variantelor de translocatii [50]. RT-PCR cali-
tativa se efectueaza pe ARN extras din maduva osoasa sau
din celule sanguine proaspat colectate. Se identifica tipul
transcrierii, fie el4a2, fie 13a2 (cunoscut si sub numele
de b3a2 si b2a2), sau mai rar e19a2 sau ela2, indicand
greutatea proteinei BCR-ABL (p210, mai rar p230 sau
p190). Prin analiza RT-PCR de determinare cantitativa a
genei himerice BCR-ABL p210 in celulele sangvine studi-
ile publicate pun In evidenta variatiile mari ale acesteea:
21.84 - 100% IS [5, 36, 40, 51]. Prin multiplex PCR, ca
reguld, se detecteaza produsul de transcriptie in regiu-
nea majora (M-bcr). Studiile analizate releva ca in majo-
ritatea cazurilor (69,8%) expresia transcriptelor genei
himerice BCR-ABL se identifica In peste 65% de elemen-
te celulare ale maduvei osoase [48]. Intr-un studiu este
mentionat un aspect fenomenal de diagnostic molecular,
precum RT-PCR cu sensibilitatea de 10 identifica hime-
rismul BCR-ABL1 la 25-30% de adulti aparent sanatosi
[9]. Se stipuleaza ipoteza, ca BCR-ABL1 poate fi nu unica
aberatie genetica necesara pentru dezvoltarea LMC. Ex-
presia anormala a JunB, unui component al activatorului
familiei protein 1 de factori de transcriptie, poate exerci-
ta un impact In patogeneza LMC datorita modularii initi-
erii, progresarii si mentenantei programului de diferenti-
ere mieloida [52]. Totodata se recapituleaza, ca RT-Q-PCR
in regimul timpului real nu este optiunea diagnostica de
prima linie si poate fi necesara pentru monitorizarea ras-

type. The p190 protein is formed following the rearrange-
ment of m-bcer region, reflects the production of ela2 tran-
script. It is less frequently determined in CML and denotes
an unfavorable evolution of the disease, commonly with
resistance to chemotherapy. The transcription product
p230 is rarely identified in p-ber region, being associated
with slow disease progression. Oncogenic BCR-ABL acts
by mitogenic signaling, influences proteosome-mediated
degradation, altering the signal transmission cascade and
constantly keeping cell growth active. Leukemic cells pro-
liferate, with gradual expansion into the medullary cavi-
ties and reduction of the clone of normal hematopoietic
cells, what may be precisely determined as a percentage by
combining the cytomorphological examination, FISH and
RT-PCR of the medullary aspirate.

In addition to fast diagnosis, FISH and PCR are able to
detect rare BCR-ABL gene variants and breakpoints that go
unnoticed by conventional cytogenetics, with higher spec-
ificity and sensitivity. These techniques are more sensitive
and important not only for the diagnosis and evaluation of
the response to treatment, but also for the differentiation
from other chronic myeloproliferative neoplasms. The au-
thors summarize that FISH is recommended for diagnosis in
cases where the Ph-chromosome is not detectable by classi-
cal cytogenetics. Techniques such as quantitative real-time
PCR (RQ-PCR) or reverse transcription PCR (RT-PCR) serve
as methods of choice for both accurate diagnosis and deter-
mination of minimal residual disease after bone marrow
transplantation due to their superior sensitivity, allowing
early diagnosis of the disease relapse and being more effec-
tive in determining the response to treatment as compared
to classical methods [49]. If the bone marrow cells cannot
be obtained, cytogenetic examination of the banded chro-
mosomes can be substituted by FISH blood cell interphase,
using dual color fusion probes that allow the detection of
BCR-ABL+ nuclei. Banded chromosome analysis is required
to detect additional chromosomal abnormalities.

FISH may become mandatory in determining translo-
cation variants [50]. Qualitative RT-PCR is performed on
RNA extracted from the bone marrow or freshly collected
blood cells. The type of transcription is identified, either
el4a2 or 13a2 (also known as b3a2 and b2a2), and less
often e19a2 or ela2, indicating the weight of the BCR-ABL
protein (p210, less often p230 or p190). By RT-PCR analy-
sis of quantitative determination of the chimeric BCR-ABL
p210 gene in blood cells, the published studies highlight
its large variations: 21.84 - 100% IS [5, 36, 40, 51]. Multi-
plex PCR, as a rule, detects the transcription product in the
major region (M-bcr). The analyzed studies reveal that in
most cases (69.8%) the expression of BCR-ABL chimeric
gene transcripts is identified in over 65% of bone marrow
cellular elements [48]. One study mentions a phenomenal
aspect of molecular diagnosis, as RT-PCR with a sensitivity
of 10-8 identifies BCR-ABL1 chimerism in 25-30% of appar-
ently healthy adults [9]. It is hypothesized that BCR-ABL1
may not be the only genetic aberration required for the de-
velopment of CML. Abnormal expression of JunB, a compo-
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punsului la tratament [39, 53]. Acestea sunt recomandari
pentru elaborarea managementului diagnostic.

Concluzii:

1. LMC se caracterizeaza print afecatrea categoriilor de
varstd apte de muncg, evolutie agresiva in fazale avansate,
cu supravietuirea considerabil scazutd, un statut imuno-
comprmis si contaminarea mai frecventa de infectia CO-
VID-19, ce denotd importanta majora de diagnosticarea
precoce.

2. 1n pofida trendului de scidere per total a ASIR, ASDR
si DALYs standardizate pe varsta din contul chintilelor cu
SDI inalt, povara LMC se mentine stabild din cauza sporu-
lui crescut al populatiei in tarile in curs de dezvoltare si a
imbatranirii populatiei in tarile dezvoltate

3. Rata mortalitatii in cazurile de asociere a LMC cu in-
fectia COVID-19 este mai inalta la pacientii cu varsta = 75
ani, fazele avansate, forma severa a infectiei si la cei varst-
nici de peste 75 ani tratati cu generatia 1 de inhibitori ai
tirozinkinazei.

4. Managementul pacientilor cu LMC primar diagnos-
ticati, cu factorii de risc crescut, trebuie sa includa supra-
vegherea sporita prin prisma infectarii de SARS-CoV-2, cu
posibilitatea izolarii protective si testarii la infectia CO-
VID-19 1n scopul elaborarii tacticii personalizate de tar-
get-chimioterapie si selectdrii optime a generatiei de inhi-
bitori ai tirozinkinazei.

5. Managementul diagnostic al pacientilor cu LMC in-
clude investigatiile morfologice, citogenetice si molecu-
lar-genetice ale sangelui periferic si maduvei osoase indi-
ferent de faza clinico-evolutiva, metode confirmative rezo-
lutive fiind FISH si RT-PCR.

6. FISH se recomanda a fi inclus in traseul manageri-
al-diagnostic al pacientilor in cazurile in care examenul
citogenetic clasic nu detecteaza Ph-cromozomul sau abe-
ratiile cromozomiale aditionale, in special in fazele de ac-
celerare si acuta ale LMC.
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