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Abstract. Oncohematological patients are prone to develop
infections due to immunosuppression caused by the disease
and chemo-immunotherapy. The aim of this review was to
outline the details of the management of patients with chronic
lymphocytic leukemia (CLL) during the severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) pandemic.
Patients with CLL often exhibit inadequate humoral and
cellular immune responses to various infections and vaccina-
tions. Patients under the ‘watch and wait’ strategy have a lower
risk of infections, including with SARS-CoV-2, compared with
those undergoing therapeutic interventions, but they still have
a higher risk than age-matched controls. Patients with CLL
have a high risk of developing severe forms of coronavirus
disease-2019 (COVID-19), particularly if they are under-
going chemo-immunotherapy. The total anti-SARS-CoV-2
antibody titer demonstrates a slower increase in patients with
CLL infected with the virus, and the antibody levels tend
to decrease after reaching a maximum level sooner than in
healthy individuals. This leads to a late negativation of the
PCR tests and a longer duration of hospitalization. In total,
~1/3 of patients with CLL do not develop a persistent titer of
antiviral antibodies, and this is associated with the presence
of hypogammaglobulinemia. It appears that patients with
CLL have the worst outcomes amongst patients with malig-
nant hemopathies and SARS-CoV-2 infection. Bruton tyrosine
kinase inhibitors reduce the hyperinflammatory status of
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patients with CLL with COVID-19, which is accompanied by
decreased levels of serum inflammatory markers, ferritin and
D-dimer, and serum levels of pro-inflammatory cytokines,
but they increase the risk of infections and impaired humoral
immunity. An abrupt discontinuation of these may promote
the rapid decompensation of CLL, which may even mimic the
clinical manifestations of COVID-I9, including a significant
increase in cytokine release. In conclusion, therapeutic deci-
sions must be personalized to each patient with CLL and each
at risk patient must be quarantined during the SARS-CoV-2
pandemic to reduce their risk of contraction.
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1. Introduction

Chronic lymphocytic leukemia (CLL) is the most common
type of leukemia in Western countries (1), with an incidence
of 4.2 new cases per 100,000 individuals per year (2). The
median age at diagnosis of CLL is estimated to be ~72 years (2)
and several patients will have other associated diseases (3,4).
Patients often have inadequate humoral and cellular immune
responses to various infections and vaccinations due to
the induction of immunosuppression (5). In total, ~70% of
patients with CLL develop infections, of which 30% require
hospitalization or intravenous antimicrobial treatment (6,7),
and this is reflected in the increased morbidity and mortality
rates (6).
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The pathophysiology of complications of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
is complex and not fully understood. Patients with severe forms
of coronavirus disease-2019 (COVID-19) have inadequate
immune responses to the virus, or otherwise the clinical mani-
festations are the result of an exaggerated adaptive immune
response. Thus, the clinical impact of this infection on patients
with CLL has not been fully elucidated (5).

The current strategy for monitoring and treating patients
with CLL includes a “watch and wait" policy that applies to
several patients. Untreated patients with CLL are considered
to have a lower risk of infection than those who have under-
gone therapeutic interventions, but a higher risk compared
with age-matched controls (5). Indeed, patients with CLL have
a high risk of developing a severe form of COVID-19 (3.,4),
particularly if they are undergoing chemotherapy, due to the
immunosuppressive effects of these regimens (4,8) and a result
of hematological malignancy. Immunomodulatory agents also
increase the risk of this viral infection and alter the response
to treatment (9).

Hematologists in Birmingham have published a report
on the evolution of 4 treatment-naive patients with CLL who
became infected with SARS-CoV-2. Lymphocytosis increased
on average by 3-fold during infection with SARS-CoV-2,
compared with the baseline levels (5). Unlike lymphopenia,
which correlates with severe forms of COVID-19 and has
an unfavorable evolution in the general population (5,8), the
clinical form was severe, and the mortality rates were high.
One of the mechanisms that may explain lymphocytosis in
patients with CLL infected with SARS-CoV-2 may be related
to the high levels of endogenous steroids during the intense
inflammatory process (5). Patients with CLL must be quar-
antined during the pandemic due to the risk of infection and
of exhibiting a severe response, the likelihood of which is
higher than that of the general population, even if they are not
undergoing immunochemotherapy (5,10).

An excessive immune response, similar to cytokine release
syndrome, is present in severe forms of COVID-19. The patients
have high serum levels of pro-inflammatory cytokines, which
leads to increased morbidity and mortality (11).

Indeed, patients with CLL had the worst outcome in a group
of 39 patients with malignant hemopathies and SARS-CoV-2
infection. The highest risk of death was observed in patients
=70 years of age and/or with a C-reactive protein level of
>10 mg/dl at admission (12).

Strategy research is aimed at analyzing how the therapeutic
behavior of patients with CLL adapts during the SARS-CoV-2
pandemic. Scientific articles published in PubMed and Web of
Science databases prior to December 31, 2020 were searched,
using the terms ‘chronic lymphocytic leukemia’, ‘COVID-19’,
‘ibrutinib’ SARS-CoV-2’, ‘venetoclax’.

Mechanism of SARS-CoV-2 infection in CLL, its prophy-
laxis and treatment. SARS-CoV-2 enters the cell through its
receptor-angiotensin-converting enzyme 2. Thus, there is a
link between inflammation, immunity, angiotensin-converting
enzyme 2, and cardiovascular damage. Systemic disease
triggered by SARS-CoV-2 infection is primarily due to an
exaggerated and inadequate immune response (13). The
inflammatory response triggered by the virus is involved in

increasing the production of proinflammatory cytokines,
including TNFa, IL-1 and IL-6. IL-6 is secreted by lympho-
cytes, macrophages, endothelial cells and fibroblasts and
is involved in the regulation of many cells of the innate and
adaptive immune system. Hematopoietic cells contribute to
increased VEGF production, which stimulates angiogenesis,
and increases T-cell differentiation to Th17 cells and Tregs,
as well as B-cell activation. This inflammatory process causes
damage to various organs and tissues (13).

The immune system is highly dysregulated in patients with
CLL. They exhibit hypogammaglobulinemia, qualitative and
quantitative B- and T-lymphocyte defects, decreased levels of
CD4+ T-cells, neutropenia and innate immune dysfunction.
Immune deficiency may be exacerbated by antileukemic
treatment. These changes may explain the reduced ability of
patients with CLL to eliminate the virus and their higher risk
of contracting the infection. Instead, immunodeficiency may
protect them from severe COVID-19 by limiting the excessive
activation of the immune response (14).

In a group of 67 patients with malignant hemopathies,
46% did not develop anti-SARS-CoV-2 IgG antibodies after
vaccination and only 23% of patients with B-lymphocyte CLL
had antibodies after vaccination although almost 70% of them
were not under antileukemic treatment (15).

Bruton tyrosine kinase inhibitors (BTKi) exhibit
anti-inflammatory action due to their effects on both the
innate immune system and platelets (14). Ibrutinib, through
its immunomodulatory properties, may serve as a candidate
for the treatment of clinical complications caused by excessive
immune activation produced by the SARS-CoV-2 virus (13).
Ibrutinib is able to reduce the production of TNFa, IL-1,
IL-6, monocyte chemo-attractant protein-1, and VEGF, and
it inhibits the hematopoietic cell kinase from neutrophils
and macrophages involved in the regulation of cell survival
and proliferation in response to IL-6 and related cytokines (16).

A recent systematic review was performed starting from
the observation that BTK inhibition had a protective effect
against lethal influenza-induced acute long injury in mice.
The analysis included six studies with patients hospital-
ized for COVID-19 who had malignant lymphoproliferative
diseases (some of them with CLL), and who were treated with
BTK-inhibitors. This treatment, together with SARS-CoV-2
infection therapy, was associated with a lower oxygen require-
ment and a shorter stay in hospital (17). The therapeutic
outcome of patients with CLL and COVID-19 is far from
expected. General and standard agreements regarding the
management and treatment of these associated diseases have
only been accepted very recently (18).

The effect of CLL-specific treatments on the evolution
of SARS-CoV-2 infection still requires further elucidation.
The international guidelines suggest careful evaluation of the
usefulness of continuing or stopping CLL treatment, especially
in patients on targeted agents (19).

2. Distinct characteristics of SARS-CoV-2 infection in
patients with CLL

Itisestimated that ~80% of patients with CLL are asymptomatic
at the time of diagnosis and that 30% of them should never be
treated (8,20).
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Some patients are diagnosed simultaneously with
COVID-19 and CLL. This is the case of a patient with clinical
manifestations suggestive of SARS-CoV-2 infection, but who
had multiple lymph nodes and leukocytosis (=140,000 per mm?)
with lymphocytosis. Despite complex therapy (which included
hydroxychloroquine, antibiotics, human immunoglobulins,
anticoagulation, non-invasive ventilation, then intubation and
mechanical ventilation), the evolution was unfavorable (8).
Leukocytosis accompanied by lymphocytosis is uncommon
in patients who are diagnosed with SARS-CoV-2 infection.
Flow cytometry analysis was performed in this case, and it
was shown that the lymphocytosis was monoclonal, and this
allowed the concomitant diagnosis of CLL with SARS-CoV-2
infection (21). Patients with CLL who have newly occurring but
non-specific clinical manifestations of SARS-CoV-2 infection,
have indications for virological testing using PCR, followed by
chest X-ray examination if the test is negative (22). A woman
diagnosed simultaneously with CLL and SARS-CoV-2 infec-
tion had a high level of viremia and developed a severe form of
pneumonia, although she had specific anti-IgM and anti-IgG
antibodies. Antiviral therapy combined with high-dose intra-
venous Ig was administered, but she has had two recurrences,
due to immune deficiency, during the 69-day follow-up (23).

Patients with CLL with very high leukocyte counts may,
extremely rarely, experience spurious hypoxemia or pseu-
dohypoxemia, which may create diagnostic and therapeutic
difficulties (24).

A high number of regulatory T-cells and nurse-like cells, as
well as dysfunction of natural killer cells and T-cells contribute
to the immunodeficiency in patients with CLL (3). This may
explain why patients with CLL exhibit suboptimal seroconver-
sion following administration of vaccines (25,26). The total
anti-SARS-CoV-2 antibody titer increases more slowly in
patients with CLL infected with this virus than in non-CLL
infected patients. In addition, in patients with CLL, the anti-
body levels tend to decrease after reaching a maximum, while
they remain at higher levels in the control group, at least until
discharge. This evolution of antibodies has consequences on
the negativation of the PCR tests (occurs later) and their dura-
tion of hospitalization (longer) (27). A total of 67% of a group
of 21 patients with CLL who developed SARS-CoV-2 infection
and were tested for anti-SARS-CoV-2 IgG antibodies became
positive for these antibodies; testing occurred at a median of
57 days (25). In this previous study, hypogammaglobulinemia
of patients with CLL was negatively associated with the occur-
rence of anti-SARS-CoV-2 IgG. The severity of COVID-19
and ongoing anti-CLL therapy have not been associated with
the development of anti-SARS-CoV-2 IgG. The study included
a relatively small number of patients with CLL (same as in
several other studies conducted during this pandemic) and
could not analyze the dynamics of anti-SARS-CoV-2 antibodies
in patients with severe COVID-19 and who died. In addition,
1/3 of CLL-tested patients infected with SARS-CoV-2 did not
develop a persistent titer of antiviral antibodies (25).

Why do patients with CLL have the worst outcome inside
malignant hemopathies? The monoclonality of B-cells that
accumulates in human blood may be the answer. Monoclonal
lymphocyte proliferation causes the dissociation of normal
cell lines in the bone marrow. Certain patients with CLL may
have low monocyte counts, which are able to transform into

macrophages, in the blood. The reduced value or even lack of
other populations of leukocytes (macrophages, granulocytes,
and NK cells) may lead to an undesirable response from the
immune system towards pathogens. The presence of CLL
accompanied by impaired cellular and humoral immunity
(mainly) (21) with secondary hypogammaglobulinemia
explains the longer duration of SARS-CoV-2 infection in
certain patients. Such a patient showed signs of infection for
up to 70 days, and genomic and subgenomic viral shedding
occurred for up to 105 days since diagnosis. During this
time a continuous turnover of dominant viral variants was
observed (28).

The risk of death in patients with CLL who develop
symptomatic COVID-19 is estimated to be 30-33% (25,29).
The factors that explain the predisposition to develop severe
forms of COVID-19 in patients with CLL are: advanced age
(common), immunodeficiency and inadequate serological
response after various vaccinations or infections (25).

3. Clinical experience of patients with CLL during the
SARS-CoV-2 pandemic

The majority of published articles are case presentations or
refer to small groups of patients. Even multicenter studies
performed on groups of oncohematological patients did not
include large cohorts of patients infected with SARS-CoV-2,
which is why it is difficult to draw definite conclusions.

An encouraging experience regarding SARS-CoV-2
infection in patients with CLL was published by colleagues
in Barcelona. Only 4 out of 420 patients with CLL registered
with the Hospital Clinic of Barcelona developed symptom-
atic SARS-CoV-2 infection until May 6, 2020. Their course
was mild, although ferritin levels were elevated in 2 patients
and D-dimers were elevated in 1 patient. Additionally, 2 of
the patients had previously received CLL therapy. Recovery
occurred after 4-8 days in 3 of the patients and after
24 days in 1 patient, who received experimental therapy for
COVID-19 (30).

Out of 165 Spanish patients with CLL, 27% died during
acute infection with and due to SARS-CoV-2 infection. Certain
patients with CLL who died were under 60 years of age and
had no associated conditions (31). The mortality of Spanish
patients with CLL during SARS-CoV-2 infection was higher
than that of patients without neoplasms or immunosuppres-
sion hospitalized at Vall d'Hebron University Hospital. It was
also higher than the mortality rate due to SARS-CoV-2 infec-
tion in Spain in May 2020, in the general population. Age,
lymphocytosis, and D-dimers were associated with overall
survival in patients with CLL infected with SARS-CoV-2 (24).
Therefore, a more active CLL disease, which manifests as a
higher number of lymphocytes, may contribute to a greater
vulnerability in these patients during this infection (31).

A multicenter survey conducted in Italy on 9,930 patients
with CLL studied their management in the context of the
SARS-CoV-2 epidemic in April 2020. Virological testing for
SARS-CoV-2 was performed in all centers with patients with
CLL who had symptoms suggestive of this infection or had
close contact with an infected individual. The patients were
tested prior to administration of chemotherapy in only 30% of
the analyzed centers (1). The triage of symptomatic patients
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and social distancing are applied in most centers. There was
no significant difference between the prevalence of symptom-
atic SARS-CoV-2 infection in patients with CLL compared
with the normal population, although the median age of the
first was higher. Initiation of treatment was delayed in 79% of
centers, and ongoing treatments were later performed in
24% of centers. The lack of a sufficient number of blood donors
and the delay of post-therapeutic restadialization in certain
centers were other problems that occurred in the management
of patients with CLL. Of the 46 patients with CLL who devel-
oped symptomatic SARS-CoV-2 infection, 30.4% died. The
rate was higher than that of the Italian general population aged
between 70-79 years (1).

A total of 23 of the 2,902 patients with CLL at 6 different
hematology centers in Lombardy developed COVID-19, which
was documented virologically (32). All patients with CLL with
COVID-19 had pneumonia and 2 required oro-tracheal intuba-
tion. In total, 1 patient with CLL with comorbidities, treated
with ibrutinib, died. The authors mention that it cannot be
ruled out that other patients with CLL also had SARS-CoV-2
infection, but were asymptomatic or oligosymptomatic, and
was thus not reported by patients. They also suggest that ibru-
tinib could have prevented the progression to severe forms of
COVID-19, due to its immunomodulatory effects. In addition,
ibrutinib inhibits IL-2-inducible T-cell kinase activity; thus,
it is involved in restoring the Th1/Th2 balance, specifically,
an imbalance in the Thl phenotype in patients with CLL.
In the severe forms of SARS-CoV-2 infection, the level of
pro-inflammatory cytokines, such as IL-6, increases and the
proportion of Th17 cells increases compared with CD4* and
CD8*lymphocytes. IL-6 stimulates the differentiation of Th17
cells into ThO, which serve an essential role in the release of
cytokines (32-34).

A multicenter analysis that included 198 patients with CLL
who developed a symptomatic form of SARS-CoV-2 infection
showed that the disease was more severe in these patients
compared with the general population. The case fatality
rate of hospitalized patients was 37% (35). Such a Chinese
patient with uncontrolled CLL and several associated diseases
developed a severe form of COVID-19 that led to death (36).

Indeed, patients with CLL infected with SARS-CoV-2 are
predisposed to develop severe forms of COVID-19 (79% of
190 patients included in a European study). They required
oxygen therapy and/or admission to intensive care (14). Patients
aged =65 years were more likely to develop more severe forms
of the disease, but age and comorbidities did not influence
mortality. Deaths were more common in patients with severe
COVID-19 (36.4 vs. 2.6% in those with mild disease). CLL
treatment seemed to have a protective role (14).

Experts recommend repeated testing for SARS-CoV-2
infection using PCR tests in patients who have undergone an
allogeneic stem cell transplant if the first test was negative,
due to their high rate of false-negative tests. Symptomatology,
pulmonary imaging, and testing for the presence of the virus
in broncho-alveolar lavage may help increase the detection of
infected patients (37).

In such a case, a female patient who received a haploi-
dentical allogeneic stem cell transplant for B-cell acute
lymphoblastic leukemia 157 days ago, and who showed
symptoms suggestive of SARS-CoV-2, came back with both

nasal and nasopharyngeal PCR swab tests that were nega-
tive for this viral infection. It should be noted that she was
receiving corticosteroid therapy and weekly administra-
tion of rituximab for a chronic graft vs. host disease of the
skin and mouth. Only PCR/CRISPR technology applied to
body fluid samples helped to detect the viral infection (37).
Intravenous immunoglobulin (administered due to the pres-
ence of hypogammaglobulinemia), antibiotic therapy, oxygen
therapy and transfusion with COVID-19 convalescent plasma
had improved clinical and biological evolution. A male patient
with high-risk acute myeloid leukemia received an allogeneic
stem cell transplant 319 days ago. He was under treatment with
ibrutinib, prednisone and rituximab for a chronic skin and
lung conditions when he presented with dyspnea, cough, and
a worsening skin rash. A CT chest detected opacities sugges-
tive of COVID-19, but testing of nasal exudate by PCR was
negative. Only PCR/CRISPR, that was performed on a blood
sample, allowed the detection of SARS-CoV-2 RNA (37).

The number of T-lymphocytes is reduced in stem cell
transplant recipients. Graft vs. host disease therapy contrib-
utes to a further decrease in their levels. The decrease in
T-lymphocytes was correlated with the risk of developing a
severe form of COVID-19 and with the risk of death during
hospitalization (38).

4. Treatment of patients with CLL during the SARS-CoV-2
pandemic

Anti-leukemic treatments. In patients with CLL with controlled
disease who develop an infectious respiratory disease, discon-
tinuation of anti-leukemic therapy is not indicated unless it
produces significant immunosuppression (39).

Anti-leukemic treatments can increase an individual's
susceptibility to infections, which substantially increase the
morbidity and mortality of patients with CLL. Furthermore,
SARS-CoV-2 infection may recur in patients with CLL (19).
Certain patients with CLL exhibit longer COVID-19 infec-
tions. Such a patient treated with chemoimmunotherapy
had fever and severe viral pneumonia. The infection lasted
9 weeks, during which he was treated with remdesivir given
in two 10-day courses, and in these periods the fever disap-
peared, but it reappeared afterwards (40).

Patients on recent or undergoing treatment for CLL from
the study led by Scarfo et al (14) (a joint study by the European
Research Initiative on CLL) more frequently presented with
mild forms of COVID-19, than those with severe forms of the
disease who were monitored according to the watch and wait
strategy. The number of patients undergoing chemotherapy
was so limited compared with those treated with BTKi that
no conclusions could be drawn regarding the efficacy of
different types of anti-CLL therapies during the SARS-CoV-2
pandemic (14). This is found in most hematology centers,
which have updated their therapeutic regimens according to
the latest guidelines.

The hospitalized patients with CLL have a high risk
of mortality (1/3 higher), regardless of whether or not they
were treated before the onset of SARS-CoV-2 infection or
disease phase, according to a multicenter study that included
198 symptomatic COVID-19 patients with CLL. It should be
noted that 76% of those treated received BKTi, which were
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stopped during the course COVID-19 infection in the majority
of patients with CLL (29).

Superinfection of SARS-CoV-2 infected patients with
various bacteria or fungi appears to increase the risk of death. A
patient with CLL infected with SARS-CoV-2 was co-infected
with parainfluenza due to the immunosuppression (41).

Treatment with convalescent plasma. The early decrease
in B-lymphocyte counts observed in patients with COVID
reduces their ability to produce antibodies and justifies the
use of COVID-19 convalescent plasma transfusions, which
introduces beneficial neutralizing antibodies (42). It has
been suggested that convalescent plasma is more effective
if administered in the first 14 days after the onset of the
disease (43).

Treatment with Bruton Tyrosine Kinase inhibitors. BTK is
actively involved in B-cell development and functionality,
including antibody production (32). In addition, BTK is
expressed in various other cells, such as granulocytes, macro-
phages, monocytes, and dendritic cells (14).

It was observed that BTK activity is increased in blood
monocytes obtained from patients with a severe form of
COVID-19 (44). Acting on certain key transcription factors,
BTK is involved in regulating macrophage polarization (45).

The half-life of ibrutinib and acalabrutinib in patients
without renal dysfunction is 4-7 h, but these drugs bind
covalently to BTK; pathway re-activation depends on de novo
enzymatic synthesis, and this occurs at extremely variable
rates from one patient to another. Therefore, BTK inhibition
may persist for a long time in some patients (11).

It has previously been shown that ibrutinib is able to
reduce the levels of proinflammatory cytokines in the lungs,
lung damage and animal deaths (46). Thus, the hyperinflam-
matory status of COVID-19 also decreases in patients treated
with BTKi (45), such as ibrutinib, acalabrutinib and zanu-
brutinib (11). It also includes a reduction in serum levels of
pro-inflammatory cytokines, the levels of which are increased
substantially in severe forms of COVID-19 (11).

Amongst the inflammatory markers, ferritin and D-dimer
were present at lower levels in patients with CLL during
treatment with BTKi at the time of SARS-CoV-2 infection
compared with patients who received other treatments, and
this may be explained by the immunomodulatory effect of
BTKi (31). Overall survival was the same in patients with
CLL, regardless of whether they received treatment during the
SARS-CoV-2 infection period. This observation also includes
the patients treated with BTKi, whose mortality rate did not
differ from that of those to whom the ‘watch and wait’ strategy
was applied (31).

However, treatment with BTKi increases the risk of
infections (45), particularly viral infections in patients with
CLL (11), and impairs humoral immunity (45), including the
response to SARS-CoV-2 virus and the protection against
possible subsequent bacterial infections (9), which would
suggest the need to discontinue administration of BTKi.
However, the decrease in hyperinflammatory status is more
important. In addition, stopping the administration of BTKi
may contribute to the rapid progression of a lymphoprolifera-
tive disease (45). Indeed, an abrupt discontinuation of B-cell

receptor kinase inhibitors may promote rapid decompensation
of CLL, which may even mimic the clinical manifestations of
COVID-19 (9). In addition, abrupt discontinuation of ibrutinib
leads to significant cytokine release (11,47), and long-term
BTKi therapy contributes significantly to the recovery of
humoral immune function, followed by decreased infection
rates (11,48).

Studies have found that the use of BTKi is able to reduce the
need for mechanical ventilation and can reduce the mortality
rates during hospitalization of patients with severe forms of
disease produced by SARS-CoV-2 infection. This medication
seems promising for decreasing the amplitude of the immune
response triggered by infection and patient mortality (44).
Another study also found that ibrutinib contributed to a
shorter hospital stay in patients with CLL and a severe form
of COVID-19 compared with those treated with other drugs
or not treated at all (14). Therefore, the decision to continue
BTKi therapy should take into account the individual's risk of
impaired humoral immunity (9).

An American study presented the evolution of 8 patients
with CLL who were treated with BTKi infected with
SARS-CoV-2: 2 of the patients, in whom BTKi was stopped,
developed severe forms of COVID-19, and the others presented
with a mild-to-moderate form of the disease. The 2 patients
who continued ibrutinib treatment had shorter hospitalization
periods, required minimal oxygen, and recovered from the
infection (11). No significant adverse effects were observed in
the patients with CLL who were treated with BTKi, but they
were not treated with a full-dose of the anti-coagulant, which
may be necessary in patients with severe forms of COVID-19.
BTKi therapy should be used with caution in patients with
such forms (11).

Venetoclax treatment. It has been suggested that chemo-
therapeutic regimens that include venetoclax would decrease
immunosuppression of patients with CLL (49). In a multi-
center phase 3 trial (using treatment-naive patients), 7 patients
with CLL developed SARS-CoV-2 infection; 1 patient was
22 months after the end of therapy, and the other 6 were
included in the experimental arms of chemoimmunotherapy
that included venetoclax. Of these patients, 6 were hospitalized,
and 2 of them required intensive care; 2 patients died, one after
prolonged mechanical ventilation and the other, who refused
intensive care treatment, following the best supportive care.
Most patients had at least one episode of neutropenia during
the clinical trial and some even had repeated infections. The
explanation for the immune suppression is multifactorial: Low
pre-therapeutic levels of serum IgG in 6 of the patients, low
levels of TH and TS lymphocytes (4), and functional deficits of
T-lymphocytes (4,50). The death rate was comparable to that of
patients with CLL treated with BTKi (4). The patients treated
with venetoclax-based chemoimmunotherapy had increased
rates of SARS-CoV-2 infection and required increased hospital-
ization, but most patients recovered from COVID-19 (4).

5.Reducing the risk of contamination with SARS-CoV-2 in
patients with CLL

Unanimously accepted measures to reduce the risk of
contamination of patients with CLL and SARS-CoV-2
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include: Minimizing non-essential hospital visits and
replacing them, whenever possible, with telehealth sessions;
reducing the time patients with CLL spend in infusion wards
and other clinical areas; reducing the use of therapies that
induce strong immunosuppression; reducing healthcare
utilization during this pandemic; and personalization of
treatment taking into account the disease risk, the degree
of immunosuppression, the prevalence and transmission
rate of the virus in the region and the existing healthcare
availability (51).

Several practical measures for the application of telemedi-
cine have been adopted in a cancer center in Madrid, to reduce
the number of visits of patients with CLL in the hospital and
reduce the risk of SARS-CoV-2 contamination. A portal
through which patients could communicate with the medical
team was created; questionnaires regarding the clinical mani-
festations of CLL and COVID-19, adverse events, and quality
of life were developed and were to be completed periodically
by patients at home. Access had been created for all patients
to a patient-reported outcome program in order to provide data
on patients' health and patient-centered care; the pharmacy
department developed a home-delivery system through which
patients with CLL receive prescriptions at home. The authors
appreciate that the questionnaires can replace appropriate
clinical examination, and in case of reporting symptoms or
signs suggestive of a progression of CLL or SARS-CoV-2
infection, the patient is invited to the hospital for consultation
and virological testing (52).

6.Survey on the management of patients with CLL infected
with SARS-CoV-2

Several CLL experts from different countries have completed
a survey on the management of patients with CLL infected
with SARS-CoV-2. Most respondents considered that the
prevention of this infection and social distancing can be
achieved according to the recommendations of the World
Health Organization, by obtaining the necessary food
and medicine, but by giving up those important activities
that expose an individual to an increase chance of contact
with other individuals, some of which can be infected (9).
Regarding the use of masks, experts opted for the surgical
masks, as N-95 masks existed in limited quantities (in April
2020) and thus should be kept for healthcare workers, who
are at increased risk of coming in contact with patients with
COVID-19. Most experts considered that not all patients
with CLL should be tested (only symptomatic ones) as long
as the test supply is limited. Most respondents maintained
that only patients with CLL who call and state that they have
symptoms should be tested, even if the testing possibilities are
unlimited. The majority of respondents opted to discontinue
CLL therapy in outpatients with mild symptoms (60.5%) or to
continue it if the clinical situation requires it (25.5%). However,
44% of respondents thought that BTKi therapy should be
continued. More respondents opted to continue BTKi therapy
in the COVID-19 inpatients (but not in intensive care units)
compared with other chemotherapeutics (32.5 vs. 4%). Most
experts (72%) have not advocated for the administration of
intravenous Ig administration in patients with CLL with this
viral infection. However, this decision does not include the

patients with secondary pneumonia and those with severe
hypogammaglobulinemia (9).

7. Expert recommendations

The American Society for Hematology recommends testing
patients with CLL with mild clinical manifestations of
SARS-CoV-2 infection, based on test and treatment avail-
ability and the need to isolate positive cases from other
patients. With the exception of patients present in the clinic,
certain doctors may only test symptomatic patients who
require treatment, due to the limited number of tests avail-
able and the risk of spreading the disease. Other practitioners
test aggressively to detect infection with SARS-CoV-2 and
other respiratory viruses, although patients may have minor
clinical manifestations due to the risk of other pathogens and
to isolate any subject who may transmit a virus. However,
patients with more severe symptoms should be tested
virologically.

It is common in medical practice for treatment to be
delayed, if possible.

If patients require immediate initiation of therapy, it is
advisable to offer them the best therapy scheme, which is
adapted to the patient's distinct characteristics. When there
are therapeutic options, it is preferred to use drugs which
can be administered in an outpatient setting and requires as
few controls as possible in the clinic and laboratory tests. It
is advisable to avoid monoclonal antibodies, especially in
combination with targeted agents. It is also recommended to
avoid initiating venetoclax treatment, as it requires numerous
and extensive visits to the clinic and laboratory examinations.
Venetoclax will only be given to a specific patient if it is
considered the most appropriate medicine for them.

If patients with CLL are not infected with SARS-CoV-2, it
is recommended to continue the administration of intravenous
Ig only if they have had hypogammaglobulinemia in their
personal history and active or numerous, severe infections.
Infusions should be administered less frequently, and the target
level of IgG should be 400-500 mg/dl. If patients with CLL
have COVID-19, they can continue intravenous Ig therapy.
The decision should take into account the increased thrombo-
embolic risk of patients with COVID-19, and patients should
be evaluated for risk/benefit ratio, and closely monitored for
possible thromboembolic events.

For monitoring, it is recommended that stable patients with
CLL use laboratories closest to their home and telemedicine
to minimize the number visits to the clinic. The majority of
patients with CLL should continue ongoing therapies, except
for monoclonal antibodies and intravenous Ig (7.48).

Patients infected with SARS-CoV-2. It is not recommended
to change the CLL therapy if outpatients have mild symp-
toms of SARS-CoV-2 infection. The decision to change CLL
treatment in patients with more severe clinical manifestations
must take into account, on the one hand, the aggressive-
ness of CLL and the presence of frequent infections in the
individual's personal history and, on the other hand, the
potential risk of more serious complications of COVID-19.
There is not yet sufficient clinical evidence to allow a
different approach for the classes of chemotherapeutics
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used for CLL therapy. The continuation or cessation of the
treatment is established according to the particularities
of each case. There is a consensus to stop the administra-
tion of monoclonal antibodies in patients with COVID-19.
Discontinuation of therapy with a B-cell receptor signaling
inhibitor may promote the onset of a CLL flare and the
release of pro-inflammatory cytokines, which may mimic
the clinical and laboratory manifestations of COVID-19.
Resumption of therapy with the B-cell receptor signaling
inhibitor is generally accompanied by the relatively rapid
disappearance of clinical manifestations (7,53).

The European Hematology Association has taken over
and disseminated the recommendations made by ASH for
the therapy of patients with CLL during the SARS-CoV-2
pandemic.

ASH has developed a COVID-19 registry for oncohemato-
logical patients, which may assist in improving the treatment
of these patients (including those with CLL), as experience and
knowledge regarding the therapy of this viral infection and the
evolution of oncohematological patients under various thera-
pies will be enriched. It is important to learn from experience
to optimize the treatment of the patients (7).

8. Conclusions

Patients with CLL have a high risk of developing a severe
form of COVID-19, due to their humoral and cellular immune
deficiency. SARS-CoV-2 can worsen the health condition of
patients with CLL, particularly due to the progressive reduc-
tion/lack of the population of cells required in the fight against
pathogens; immuno-chemotherapy can aggravate this immu-
nodeficiency.

Therefore, it is recommended to reduce clinical visits
as much as possible, as well as waiting times and duration
of infusions. Ideally, patients should quarantine during the
SARS-CoV-2 pandemic to reduce their risk of contracting this
virus.

If the patient requires immediate initiation of therapy, it
is advisable to adapt the therapeutic behavior to the particu-
larities of each patient. It is indicated to avoid monoclonal
antibodies, especially in combination with targeted agents.
Chemotherapeutic regimens that can be applied at home are
preferred and monitoring of patients should be performed by
telemedicine (by completing questionnaires and telephone
discussions) and using laboratories located closest to the
patients' homes.

It is not recommended to change CLL therapy if outpatients
have mild symptoms of SARS-CoV-2 infection. CLL treatment
in patients with more severe clinical manifestations depends
on the aggressiveness of CLL and the presence of frequent
infections in personal history, but also on the potential risk of
more serious complications of COVID-19.

BTKi are able to decrease the hyperinflammatory status
and the serum levels of pro-inflammatory cytokines in
patients with CLL with severe forms of COVID-19. However,
they increase the risk of infections and impaired humoral
immunity. Abrupt discontinuation of BTKi may contribute
to the rapid decompensation of CLL, which may even mimic
the clinical manifestations of COVID-I9, and the onset of a
significant cytokine release.

The SARS-CoV-2 pandemic is a challenge not only for
patients but also for physicians. The experience gained every
day regarding therapy of patients with CLL in the current
pandemic and the multitude of articles that are published each
month will allow continuous improvement of the management
of patients with CLL.
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