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Abstract

Purpose of Review COVID-19 is highly contagious; since it was first identified, the virus has rapidly spread to more than
100 countries and was declared a pandemic on March 11, 2020, by the World Health Organization (WHO). This disease
presents several challenges when managing patients with leukemia. We review the information about chronic myeloid leu-
kemia (CML) and COVID-19: risk factors, prognosis, and the role of tyrosine kinase inhibitors (TKIs).

Recent Findings At present, we find no data suggesting that patients with CML-chronic phase (CML-CP) are at higher risk
of infection by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) than the general healthy population. TKIs
had been proposed to fight the SARS-CoV-2-related disease (COVID-19).

Summary CML patients should continue receiving their TKIs if they have COVID-19 disease. The role of TKIs as protec-
tive factors against SARS-CoV-2 infection in patients with CML should be confirmed by large-scale epidemiologic studies.
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Introduction

In December 2019, several cases of a new respiratory illness
were reported leading to the detection of the coronavirus
outbreak, which is believed to have originated in Wuhan, in
the Hubei province of the People’s Republic of China [1].
A new, confirmed viral strain was then identified, in Janu-
ary 2020, and subsequently was named severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2)—related to
SARS-CoV identified in the 2002-2003 outbreak [2]. Sub-
sequently, SARS-CoV2 (COVID-19) has been transmitted
from Wuhan to the rest of the world at such a magnitude that
the World Health Organization (WHO) declared a pandemic
on March 11, 2020 [3]. As of April 16, 2021, 138,276,238
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cases were reported, and 2,973,050 people died, according
to figures from Johns Hopkins University [4].

Oncology patients have not been spared from this infec-
tious disease, and the first epidemiological study reported
SARS-CoV-2 infection rates in oncology patients of 0.7%
compared to non-cancer subjects (0.37%) (February 2020)
with the subsequent emergence of multiple retrospective
cohorts with coincident conclusions [5]. The meta-analy-
sis by Desai et al. showed a prevalence of COVID-19 in
patients with active malignancies of 2%, suggesting that can-
cer patients are a population with increased susceptibility to
SARS-CoV-2 infection [6e].

It should be pointed out that in subgroup analysis, accord-
ing to the type of neoplasm, hematological neoplasms stand
out as those with the highest risk of death, as shown by De
Joode et al. [7].

In a case—control study carried out in the USA, in Sep-
tember 2020, patients with hematological malignancies were
more likely infected by COVID-19, finding significance in
those diagnosed with acute lymphoblastic leukemia, essen-
tial thrombocythemia, acute myeloid leukemia, and multiple
myeloma, with worse results in those with recent diagnosis
(hospitalization, 51.9%; death, 14.8%) [8].

Subsequently, Vijenthira et al. performed a meta-analysis
of hospitalized patients with hematological malignancies,
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where the risk of death detected was 34 %, associated with
age over 60 years [9]. Another cohort of 697 patients ana-
lyzed reported a median age of 72 years. Sixty percent
of the patients were male, 69% diagnosed with lymphoid
neoplasms (N=479), and 31% with myeloid neoplasms
(N=218); according to the severity of the respiratory dis-
ease, up to 62% presented severity criteria. At the end of the
follow-up, 33% had died (N=230). Similarly, age and more
than two comorbidities related to higher mortality, particu-
larly in these cohort patients with acute myeloid leukemia
and myelodysplastic syndrome, presented fatal outcomes
(44% and 42%, respectively) in contrast to relatively lower
rates in patients with Philadelphia (Ph) negative myelopro-
liferative neoplasms (19%) and CML (13%) [10ee].

Risk and Impact of COVID-19 in Patients
with Chronic Myeloid Leukemia

The available data on COVID-19 in patients with chronic
myeloid leukemia (CML) is very limited but suggest that
CML does not increase the risk of complications; however,
there are reports of severe complications such as respiratory
distress, febrile neutropenia, hemolysis, and hemophagocy-
tosis—all of these in patients with particular characteristics
in the evolution and control of the neoplastic disease (accel-
erated phase, blastic phase) or comorbidities [11-13].

A large cohort (N=740) of hospitalized and non-hospi-
talized oncohematology patients, conducted in Turkey, had
a 4.1% (N=30) rate of patients with CML and COVID-19
and lower overall mortality [14]. Similar data were reported
in an Italian study (March 2020), in a retrospective cohort
of 102 patients with hematologic malignancies and COVID-
19, where, specifically, chronic myeloid leukemia was docu-
mented in 6.7%. [15].

In the study by Breccia et al., data from a large cohort of
6,883 patients with CML were collected, and only 12 con-
firmed cases with COVID-19 infection were reported, with
a prevalence of 0.17%. The results of this survey show that
the incidence of COVID-19 infection is extremely low in
CML patients treated with tyrosine kinase inhibitors (TKIs)
[16ee].

Recently, Claudiani et al. showed that serological testing
of 161 CML patients and prevalence of infection in CML
patients was similar to the general population, suggesting
that patients can mount an adequate antibody response
against SARS-Cov-2 [17].

The International CML Foundation (iCML() reported 110
cases of COVID-19 in CML patients from 20 countries: 61%
from Europe, 15% from Asia, 12% from South America,
10% from North America, 2% from Africa, and 1% from
Oceania.
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Among 110 patients, 93% (N=102) were symptomatic
and 7% (N=38) asymptomatic. Among the first group of
patients, 45% (N=49) had mild COVID-19, which did not
require hospitalization, 17% (N =19) had moderate symp-
toms that required hospitalization, 17% (N=19) had severe
symptoms that required admission to the intensive care unit,
and the severity was unknown in 14% (N=15).

The univariate analysis detected the following risk fac-
tors for mortality: (1) In patients > 75 years, the mortality
rate was 60% vs. 7% in <75 years (p <0.001); (2) severity
of COVID-19, mortality in patients with severe COVID-
19 was 63% vs. 0% in patients with non-severe symptoms
(p<0.001); and (3) treatment with imatinib, mortality 25%
vs. 3% in patients with 2nd generation TKI (p =0.003). It
must be taken into account that the group of patients receiv-
ing imatinib were older, so it may not be a real risk factor
[18].

A study conducted in Hubei, China, involving 530 outpa-
tients diagnosed with chronic myeloid leukemia, whose data
was collected by questionnaires, reported COVID-19 preva-
lence of 0.9% (n=35). Importantly, 296 (56%) were male,
the median age was 44 years, and only 18% were > 60 years.
In addition, 100% were in the chronic phase, 15% (N=81)
had complete hematologic response (CHR); 10% (N=52),
complete cytogenetic response (CCyR); and 73% (N=387),
major molecular response (MMR), at the time of the ques-
tionnaire. Thus, the covariates associated with a higher risk
of developing COVID-19 were exposure to a person infected
with SARS-CoV-2 (p=0.037), not having a complete hema-
tological response (p =0.003), and other comorbidities
(p=0.024) [19e].

In Brazil, Pagnano et al. reported 28 cases of patients
with CML and COVID-19.

The median age was 54 years (24-79), with 44% (N=13)
older than 60. Similar to that reported in the general popula-
tion, most patients presented at least one comorbidity (60%),
the most frequent being: hypertension (25%), diabetes
(10.7%), dyslipidemia (7.1%), arterial disease (7.1%), and
chronic obstructive pulmonary disease/emphysema (7.1%).
Obesity was reported in only 3.6% of cases. The authors
concluded that the most severe cases of COVID-19 occurred
in patients who did not have MMR [20].

Relevant Aspects in the Treatment
of the Patient with CML that Requires
Management for COVID-19

It is widely known that, when a patient with a recent diag-
nosis of CML starts treatment with a TKI, hematological
adverse events may occur (anemia, neutropenia, thrombocy-
topenia, or even pancytopenia). These events are more com-
mon in the first weeks of treatment, and most are resolved.
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However, it is important to consider that a period of neutro-
penia can increase the risk of severe COVID-19 [21e].

TKIs are metabolized by cytochrome-P450, CYP3A4
isoenzyme, and therefore caution should be exercised when
other drugs are indicated, because interactions between
drugs are very likely [21e].

In some patients, chloroquine/hydroxychloroquine was
used as a treatment option for COVID-19. Imatinib can
increase the serum levels of these drugs, because it is a com-
petitive inhibitor of CYP2D6 [21e].

The most used first-line treatment for CML is imatinib.
Chloroquine can increase the adverse events of this TKI due
to the inhibition of P-glycoprotein, and, on the other hand,
it can decrease intracellular imatinib by inhibiting hOCT1,
which could cause treatment failure. Chloroquine may also
increase the adverse events of dasatinib due to P-glycopro-
tein inhibition [21e].

A non-hematological adverse event in common with all
TKSs used for the treatment of CML is that they can prolong
the QTc interval, which can lead to torsades de pointes and
sudden death [21e].

Chloroquine and azithromycin are two drugs that can
also prolong the QTc interval, so CML patients with a TKI
and receiving these drugs for COVID-19 should be closely
monitored with serial electrocardiograms and serum elec-
trolytes [21e].

CML patients with COVID-19 should not discontinue
TKI, but as previously mentioned, drug interactions should
be considered [21°].

Activity of Tyrosine Kinase Inhibitors Against
Coronavirus

One of the proposed treatments for SARS-Cov-2 (COVID-
19)-related disease has been imatinib [22ee].

The cause of COVID-19 is an RNA virus. One of the
most important viral proteins is found on its surface. It is
known as the spike protein (S), which is essential for the
fusion of the virus and its entry into human cells, which
is carried out through the angiotensin-converting enzyme
2 (ACE2) receptor. Recently, another viral receptor called
dipeptidyl peptidase 4 (DPP4), also known as CD26, was
described. This receptor allows the virus to block autophagy,
which impairs the host’s immune response and maintains the
hyperinflammatory status [22ee]

Taking into account that ABL1 kinase controls cytoskel-
etal rearrangement, the inhibitory function of Abll by
imatinib could affect the adequate performance of actin,
which allows the virus to enter and fuse with the cell [22ee].

An in vitro investigation showed that the activity of
imatinib against the coronavirus takes place in the early

stages of infection; after internalization, it inhibits the fusion
of virions at the endosomal membrane [23].

The protective function of imatinib that has been reported
for COVID-19 (blocking fusion) could prevent the endocy-
tosis necessary for viral activation of different viral species
[16ee].

There are studies in mice with sepsis and acute lung
injury, which suggest that imatinib may reduce pulmonary
edema, prevent histological damage, and improve endothe-
lial barrier dysfunction, which may be the result of decreased
release of proinflammatory cytokines, such as interleukin-6
and tumor necrosis factor-alpha [24].

An interesting study of Galimberti et al. who analyzed the
expression of 770 genes related to inflammation and immu-
nity (NanoString technology), in samples of 5 patients with
CML before starting treatment with imatinib and 6 months
after taking this treatment, had the purpose of detecting the
immunological role of this TKI on viral infections [22ee].

The researchers detected 58 genes deregulated by
imatinib, of which 18 were upregulated and 40 downregu-
lated. Of the total of 58 deregulated genes, 34.5% (N =520)
of their function was significantly correlated with the
immune or antiviral response [22ee].

Focusing on these 20 genes, 9 genes showed decreased
expression during the administration of imatinib, high-
lighting arginase 1 (ARG-1), complement C3a receptor 1
(C3AR1), carcinoembryonic antigen-related cell adhesion
molecule-1 (CEACAM1), gelsolin (GSN), nectin 1, and
fucosyltransferase 4 (FUT4), which usually have a proviral
function [22ee].

On the other hand, 11 genes had an increased expression
as a result of the administration of imatinib, such as CD28,
interferon-gamma (IFN gamma), CC motif chemokine
ligand 5 (CCLS5), CC chemokine receptor type 5 (CCRS),
and Toll-like receptor 3 (TLR3), which could exert an
“antiviral” role, by allowing the immune control of the host
against the viral attack [22ee].

Recent research on CD28 in COVID-19 disease has
shown that its expression on CD8+ T cells is lower in severe
patients, compared to those with mild COVID-19.

In the case of chemokine CCLS5, a mouse model showed
that imatinib causes overexpression of this cytokine in NK
cells and therefore its hyperactivity can make animals resist-
ant to viral infection. TLR3 overexpression has previously
been reported to protect neutropenic mice from meningoen-
cephalitis; thus, it may also play a positive role in COVID-
19. And finally, the proimmune action of IFN gamma is well
known in Fig. 1 [22ee].

Currently, Emadi et al. are conducting a double-blind,
randomized, and controlled study at the University of Mary-
land Medical Center, Baltimore, USA, with the objective
of evaluating the efficacy and safety of imatinib (400 mg
daily for 14 days) plus the best conventional care (BCC),

@ Springer



648

Current Oncology Reports (2022) 24:645-650

Upregulation of some
“pro-immune” genes”

Imatinib

—
—

genes

Reduced expression of
some “anti-immune”

CCLS
CD28
' IFNg
ARG-1
— FUT4

Fig. 1 The effects that TKIs have on the CML models

as compared with placebo, in adult patients (> 18 years of
age), hospitalized and with COVID-19. The researchers
are expecting a better outcome in the imatinib arm—this
is a result of the decrease in SARS-Cov2/cell fusion and
the inhibitory activity of imatinib that can interfere with
the release or replication of the virus. The study’s patient
recruitment started on June 15, 2020 [25].

In the Republic of Turkey, Basci et al. reported the out-
come of 16 patients diagnosed with CML and COVID-19
on treatment with TKI and compared it with a control group
(N=48). They found in the group that received imatinib:
lower rates of admission to the intensive care unit (ICU) and
ventilatory mechanical support and shorter hospital stays;
however, they did not obtain statistical significance. The
mortality rate in patients receiving TKI was 6.3% vs. 12.8%
in the control group [26].

Other studies have been registered on the “ClinicalsTri-
als.gov” website and are ongoing, with imatinib as mono-
therapy (NCT04357613), or in combination with baricitinib,
lopinavir/ritonavir (NCT04346147), or hydroxychloroquine
(NCT04356495) [22ee].

Conclusions

The susceptibility found throughout the pandemic of patients
with malignant neoplastic diseases to COVID-19 has
prompted the international community to study and report
the characteristics of this particular population, pathologi-
cal background, clinical behavior, and outcome. From these
studies, the authors found that patients with hematologic
malignancies in the context of COVID-19 infection had a
higher rate of complications and mortality compared to the
general population. However, the behavior of patients with
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a diagnosis of chronic myeloid leukemia differs from these
findings since the evidence so far indicates that this disease
does not increase the risk of complications, leading to the
premise that particularly in this hematological neoplasm the
subjects can mount an adequate immune response to viral
infection. The prognosis of these patients depends on multi-
ple factors, such as disease stage, response to treatment with
TKIs, physical and functional status, comorbidities, and age
over 60 years (already demonstrated as a significant predic-
tor of mortality in COVID-19).

Many challenges exist in caring for oncology patients
during the COVID-19 pandemic, including balancing the
benefits of oncology-directed treatment with the implicit
increased risk of severe COVID-19 infection.

The patients with CML-chronic phase do not indicate to
delay or hold the treatment (TKIs).

To date, no evidence consistently supports any treatment
for COVID-19 patients, so identifying new therapeutic
options seems crucial in the management of this disease.
Imatinib has also shown antiviral, immunomodulatory, and
endothelium-protective properties which may be potentially
helpful in COVID-19.

Further studies are needed to find risk factors and to
detect the most vulnerable subgroups, as well as the actual
role of imatinib in COVID-19.
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