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Abstract
The novel severe acute respiratory syndrome coronavirus 
(SARS-CoV-2) has been first described in December 2019 in 
Wuhan, China, and has led to a worldwide pandemic ever 
since. Initial clinical data imply that cancer patients are par-
ticularly at risk for a severe course of SARS-CoV-2. In patients 
with chronic lymphocytic leukemia (CLL), infections are a 
main contributor to morbidity and mortality driven by an 
impaired immune system. Treatment initiation is likely to in-
duce immune modulation that further increases the risk for 
severe infections. This article aims to give an overview on 
pathogenesis and risk of infectious complications in patients 
with CLL. In this context, we discuss current data of SARS-
CoV-2 infections in patients with CLL and how the pandem-
ic impacts their management. © 2021 S. Karger AG, Basel

Introduction

Chronic lymphocytic leukemia (CLL) is the most com-
mon form of leukemia with an incidence of 4.2:100,000 
per year. The median age at initial diagnosis is 70 years, 
and so far there is no curative therapy for the disease ex-
cept for allogeneic stem cell transplantation [1]. CLL pa-
tients represent a large subgroup of patients in practices 
and hospitals. In the treatment-free intervals, CLL pa-
tients regularly present themselves for follow-up exami-
nations with blood count control and physical examina-
tion in order to detect symptomatic disease progression 
in time. Patients receiving CLL treatment come at regular 
intervals for treatment administration, for example, anti-
body therapy, chemotherapy, or controlled dosing of tar-
geted therapies, as well as for monitoring treatment toler-
ability and assessing treatment response.

Infections are the main cause of death in CLL patients. 
Pathogenesis is multifactorial including disease- and 
treatment-related factors resulting in defects in cell-me-
diated immunity, complement, neutrophil, or phagocytic 
function and antibody production.

The severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) has infected >50 million people and is as-
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sociated with >1,000,000 deaths worldwide. Cancer pa-
tients have been identified to be at particular risk for a 
severe course of the coronavirus disease 2019 (COVID- 
19) [2–5]. The following is a brief summary of CLL-relat-
ed immune dysfunction, the current evidence of COV-
ID-19 in the context of CLL, and how it impacts manage-
ment of patients with CLL.

CLL-Related Immune Dysfunction

Dysregulation of the innate and adaptive immune sys-
tem is a key feature in CLL patients, which is already ex-
isting in early CLL disease stages and worsening during 
the course of disease. These dysregulations are summa-
rized in Table 1.

Deficiencies in the adaptive immune response include 
T-cell defects and hypogammaglobulinemia. T cells are 
often increased at early stages and show progressive accu-
mulation and exhaustion in CLL patients with advanced 
disease stages [6]. The mechanism is unknown but may 
relate to increased mobilization from secondary lymphoid 
tissue, or to an absolute increase of T-cell numbers which 
may be interpreted as a CLL-specific immune response. 
Despite the numeric change of T cells, there is evidence of 
functional deficiency of T cells with impaired cell-to-cell 
contact that dampens the immune response [7–10].

Hypogammaglobulinemia affects up to 85% of all pa-
tients with CLL and may affect all immunoglobulin sub-
classes (IgG, IgA, and IgM) [11]. Lower immunoglobulin 
levels correlate with increased risk for severe and recur-
rent infections and the severity increases with progres-
sion of disease [12]. Possible mechanism is inhibition of 
antibody-producing cells by CLL cells [13].

Additionally, the percentage of healthy B cells is sig-
nificantly decreased in the peripheral blood of patients 
with CLL [14–16]. Deficiencies of the innate immune re-
sponse include defects in the complement system as well 
as deficiencies in neutrophils, monocytes, and dendritic 
and natural killer cells.

Reduced levels of complement occur in up to 40% of 
all patients with CLL. Despite the quantitative change, 
complement components also show functional impair-
ment in patients with CLL linked to an increased risk of 
infections [17]. The inability to coat bacterial pathogens 
with C3b may be the main contributor [17].

Neutrophil deficiencies include impaired bactericidal 
activity and a reduction in C5a-induced chemotaxis [18, 
19]. Neutropenia due to bone marrow involvement fur-
ther increases the risk of severe and prolonged infections.

The total number of monocytes and natural killer cells 
is increased in patients with CLL, but the cells bear a range 
of qualitative deficiencies. Monocytes carry a nonclassical 
phenotype and have a gene expression profile associated 

Table 1. Deficiencies in the adaptive and innate immune response in patients with CLL

Adaptive immune response
T-cell defects CLL-specific immune response with increased mobilization of T cells

Functional T-cell deficiency with impaired cell-to-cell contact
T-cell inhibition by CLL cells

B-cell defects CLL-related inhibition of antibody-producing cells leading to hypogammaglobulinemia
Decreased number of healthy non-CLL B cells

Innate immune response
Defects of the complement system Decreased levels of complement in majority of patients with CLL

Functional complement deficiency with inability to coat bacterial pathogens

Phagocytic cell defects
Neutrophils Impaired bactericidal activity of neutrophils

Reduction in C5a-induced chemotaxis

Monocytes Increased number of monocytes in patients with CLL
Expression of nonclassical phenotype with weak phagocytosis and impaired cytokine release

Natural killer cells Increased number of natural killer cells in patients with CLL
Impaired cytotoxicity due to defective expression of coreceptors

CLL, chronic lymphocytic leukemia.
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with immunosuppressive properties. Nonclassical mono-
cytes are weak phagocytes that do not produce reactive 
oxygen species or cytokines and react poorly to lipopoly-
saccharide [20]. Natural killer cells are impaired cytotox-
ic possibly primarily because of defective expression of 
the NKG2D coreceptor [21].

Dendritic cells from patients with active CLL show an 
incomplete degree of maturation and have a reduced abil-
ity to release interleukin 12. The dendritic cell compart-
ment is therefore unable to stimulate an effective T-cell 
response [22]. The defect features of dendritic cells disap-
pear once the CLL patient has a remission [23].

Supportive Care in Immunocompromised Patients 
with CLL

Supportive treatment in immunodeficient CLL pa-
tients includes early vaccination and prophylactic IV im-
munoglobulin (IVIG) substitution.

Vaccination
Although vaccination against Streptococcus pneu-

moniae and seasonal influenza is recommended for pa-
tients with CLL, the protective effect of vaccination re-
mains questionable [24]. Besides the 23 pneumococcal 
polyvalent vaccine (PPSV23) already certified since 1983, 
a second conjugate vaccine (PCV13) is available [25, 26]. 
PCV13 contains small amounts of polysaccharides ex-
tracted from the capsule that surrounds the S. pneumoni-
ae bacterium. These polysaccharides have been purified 
and then conjugated to a carrier. The vaccine is also ad-
sorbed onto an aluminum compound to enhance the im-
mune response studies with clinical endpoints which 
were only conducted in AIDS patients in whom PPSV23 
showed no protective effect. For other forms of immuno-
deficiency or immunosuppression, only immunogenicity 
studies are available, in which PCV13 partially induced 
higher antibody levels against the 12 common serotypes 
than PPSV23. However, a correlation of higher antibody 
levels with better clinical protective effect is not proven. 
Due to the possibly better protective effect of PCV13 
against the serotypes contained in the vaccine in this risk 
group on the one hand and the broader serotype coverage 
of PPSV23 on the other hand, individuals with congenital 
or acquired immune defects or immunosuppression 
should be vaccinated sequentially with PCV13 followed 
by PPSV23.

Clinical data indicate that in ibrutinib-treated patients, 
the serological immune response is impaired [27, 28]. 

Therefore, patients should be vaccinated as early as pos-
sible since evidence shows that vaccination at an early 
disease stage (before commencement of treatment and 
onset of hypogammaglobulinemia) is most beneficial 
[29–31].

Immunoglobulin Substitution
Several phase III studies conducted in the 1980s and 

1990s have shown that prophylactic use of IVIG decreas-
es bacterial infection rates in CLL patients with severe 
hypogammaglobulinemia [12, 32–34]. IVIG substitution 
should be applied to patients meeting the European Med-
icines Agency criteria for immunoglobulin substitution 
(recurrent infections in patients with IgG <4 g/L due to 
secondary immunodeficiency) [35].

Treatment-Related Immune Dysfunction in CLL

In contrast to other hematologic diseases, patients 
with CLL usually do not require immediate treatment 
when diagnosed. Asymptomatic patients are observed 
(watch-and-wait strategy) until treatment indication ac-
cording to the International Workshop on CLL criteria 
(IWCLL) are met [36].

Due to the development of targeted treatments attack-
ing the B-cell receptor (BCR) pathway or defective apop-
totic mechanisms in CLL, chemotherapy-based regimen 
is less frequently used in this disease now. However, also 
targeted agents are associated with risk of infections.

Chemoimmunotherapy

With the introduction of antibody-based combination 
therapy in 2008, a significant survival benefit for patients 
with CLL was demonstrated for the first time, and the 
chemoimmunotherapy fludarabine, cyclophosphamide, 
and rituximab received approval for patients in need of 
treatment [37]. Until today, patients with a mutated 
IGHV status and presence of other favorable genetic ab-
errations only benefit from chemoimmunotherapy with 
a progression-free survival of >10 years [38].

Alkylating agents (e.g., cyclophosphamide, chloram-
bucil, and bendamustine) are associated with myelosup-
pression and bacterial infections including pneumonia, 
urinary tract infections, and bacteremia caused by Staph-
ylococcus aureus, Streptococcus pneumonia, Haemophilus 
influenzae, or Klebsiella species plurales (spp.) [39, 40]. 
Purine analogs such as fludarabine interfere with DNA 
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synthesis, depleting CD4+ T cells and decreasing B cells 
and monocytes. Consequently, opportunistic infections 
with herpes simplex virus, varicella-zoster virus, or Can-
dida spp. are commonly observed. Anti-CD20 antibodies 
bind CD20, inducing apoptosis and B-cell depletion per-
sisting for up to 24 months after treatment discontinua-
tion. Viral infections and reactivations (e.g., hepatitis B 
reactivation or JC-virus infection) are a known infectious 
complication after B-cell depleting therapy [41, 42].

BTK-Inhibitors

The analysis of the role and function of the BCR with 
its signal transduction pathway for CLL proliferation led 
to the development of BCR inhibitors (Bruton’s tyrosine 
kinase inhibitors [BTKis] such as acalabrutinib or ibruti-
nib and PI3K inhibitors such as idelalisib or duvelisib) 
[43–47]. Outside clinical trials, BCR inhibitors are in-
tended as a long-term therapy with excellent disease con-
trol. Daily intake of medication requires high patient 
compliance.

BCR inhibitors are now preferably used as first-line 
and relapse treatment of patients with CLL [43–45]. In 
the majority of patients, targeted drugs are well tolerated. 
Initial reports indicated recovery of humoral immune 
function as described by Sun et al. [48] in patients treated 
with ibrutinib. The group investigated the impact of ibru-
tinib on immunoglobulin levels, normal B cells, and in-
fection rate in CLL patients in a phase 2 trial. Consistent 
with previous reports, immunoglobulin G levels re-
mained stable during the first 6 months on treatment, but 
decreased thereafter. In contrast, there was a transient in-
crease in IgM and a sustained increase in IgA levels. Pa-
tients with superior immune reconstitution, as defined by 
an increase in serum IgA of ≥50%, had a significantly low-
er rate of infections indicating that ibrutinib allows a clin-
ically meaningful recovery of humoral immune function.

However, with longer follow-up data available, there 
have also been increasingly reports of severe bacterial 
and fungal infections in patients treated with ibrutinib 
[49, 50]. Opportunistic infections typically occur in pa-
tients with acquired CD4 T-cell immune defects (HIV/
AIDS), but are rare in patients with genetic BTK defi-
ciency suffering from X-linked agammaglobulinemia 
[51]. Patients with CLL are generally considered at low 
risk for invasive fungal infections [52]. However, oppor-
tunistic infections with Pneumocystis jirovecii, Crypto-
coccus, and Aspergillus spp. have been reported in a num-
ber of patients treated with ibrutinib either alone or in 

combination with other immune modulatory drugs [49, 
53, 54]. Ibrutinib is an irreversible inhibitor of BTK and 
IL2-inducible T-cell kinase [55, 56]. BTK is expressed in 
all bone marrow cell lineages, with the exception of T 
cells and plasma cells [57]. It has been shown that ibruti-
nib has off-target effects on other kinases effecting CD4 
T-cell function [58]. In addition, a direct inhibitory effect 
of ibrutinib on BTK signaling in monocytes and macro-
phages could affect susceptibility to invasive fungal in-
fections [59, 60]. In particular, BTK is involved in trig-
gering the receptor expressed on myeloid cells 1 (TREM-
1 and CD354) signaling in monocytic cells and an 
important inflammatory receptor that seems to be in-
volved in the pathogenesis of infectious complications 
[59]. Fiedler et al. [61] demonstrated in a mouse model 
of X-linked agammaglobulinemia that BTK is an impor-
tant regulator of neutrophilic granulocyte maturation 
and function in vivo. Furthermore, ibrutinib inhibits 
platelet adhesion to lymphatic endothelial cells by off-
target binding of SRC kinases. By this mechanism, also 
platelet internalization of Aspergillus spp. is inhibited 
which might also contribute to increased susceptibility 
for invasive fungal infections [62].

BCL-2 Inhibitors

A further substance class, BCL-2 inhibitors (veneto-
clax), increases the apoptosis of CLL cells by selective in-
hibition of the overexpressed BCL-2 protein. These new 
orally administered substances are effective and well tol-
erated. They are approved as monotherapy or in combi-
nation therapy with antibodies inducing high rates of 
minimal residual negative remissions [63–65]. The BCL-
2 inhibitor venetoclax induces rapid apoptosis of CLL 
cells, which are known to be BCL-2 dependent. Veneto-
clax inhibits granulopoiesis in vitro and in animal models 
[66]. More than 30% of treated patients develop severe 
CTC grade 3–5 neutropenia during the course of treat-
ment [64, 67]. Neutropenia occurs mainly within the first 
3 cycles of treatment. CLL-associated neutropenia is like-
ly to contribute to this toxicity particularly in the begin-
ning of treatment. Neutropenia is usually managed with 
either dose tapering of venetoclax (dose reduction or in-
terruption) or granulocyte colony-stimulating factor 
stimulation. The overall rate of grade 3 or higher infec-
tions is approximately 20% and comparable to chemoim-
munotherapy [63, 65, 68].

De Weerdt et al. [69] explored the effects of venetoclax 
on nonleukemic cells in peripheral blood and lymph 
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nodes. The group demonstrated that the absolute num-
bers of B-, T-, and NK-cells as well as the overproduction 
of inflammatory cytokines were reduced. Furthermore, a 
restoration of NK-cell function was observed. These data 
support the notion that venetoclax-based regimens re-
duced the immunosuppressive footprint of CLL, suggest-
ing immune recovery after the elimination of leukemic 
cells.

To mitigate the risk of tumor lysis syndrome, patients 
start venetoclax treatment in a weekly ramp-up. If the pa-
tient has an increased risk for tumor lysis according to the 
Cairo-Bishop definition, hospital admission might be in-
dicated for the ramp-up phase [70].

SARS-CoV-2 in Patients with CLL

Considering the complex immune dysfunction, an in-
creased risk for a severe course of SARS-CoV-2 infection 
can easily be assumed – both for untreated and treated 
patients with CLL. One of the largest retrospective studies 
by the European Research Initiative on CLL (ERIC) iden-
tified 190 patients with CLL plus confirmed SARS-CoV-2 
infection [71]. Almost 80% of the patients presented with 
a severe course of COVID-19. Severity was defined by 
need of oxygen and/or intensive care admission. The 
mortality rate of hospitalized patients was 32.5%. Risk 
factors for a severe course with respiratory distress were 
an advanced age of ≥65 years – but age did not impact 
mortality. Surprisingly, only 39.7% of infected patients 

were receiving or had recently been receiving treatment 
for CLL. Patients on recent or ongoing treatment were 
more likely to have a milder COVID-19 compared to 
those with severe disease who in the vast majority were 
on a watch-and-wait follow-up. When comparing ad-
ministered CLL treatment, BTKis appeared to have a pro-
tective effect in terms of severity of COVD-19 measured 
by hospitalization rate. Hypogammaglobulinemia and 
comorbidity did not show a relevant impact on the clini-
cal course of COVID-19 patients (Tables 2, 3).

Another large case series collected information on 198 
CLL patients with COVID-19 from 20 US centers and 23 
international centers in the European Union/United 
Kingdom and South America [72]. The mortality rate ob-
served here with 33% of all hospitalized patients (178 pa-
tients) was similar to that in the ERIC cohort. In spite of 
the fact that in this cohort 61% of patients had prior or 
were on current CLL therapy, treatment exposure did not 
have here an impact on survival. The watch-and-wait and 
treated cohorts had similar rates of admission (89 vs. 
90%), intensive care unit admission (35 vs. 36%), intuba-
tion (33 vs. 25%), and mortality (37 vs. 32%). The results 
of this retrospective analysis did not confirm the benefi-
ciary effect of a BTKi treatment compared to a non-BTKi 
treatment on survival (case fatality rate, 34 vs. 35%), 
though the BTKi was held during the COVID-19 course 
for the majority of patients. In multivariable analyses, sig-
nificant predictors for an adverse outcome of COVID-19 
were increased age, comorbidity, asthma, and chronic re-
nal disease.

Table 2. SARS-CoV-2 in patients with CLL – current data

Author Patients, 
n

Mortality 
rate, %

Risk factors for severe 
COVID-19

Commentary

Scarfò et al. [71] 190 32.5 Age ≥65 years BTKis appeared to have a protective effect

Mato et al. [72] 198 33 Increased age
Comorbidity
Asthma
Chronic renal disease

Treatment exposure had no impact on survival

Paneesha et al. [73] 4 75 Comorbidity
Age

Treatment-naïve patients only were included

Fürstenau et al. [74] 7 29 Hypogammaglobulinemia
Impaired T-cell function

Physically fit patients receiving venetoclax-based 
treatment were analyzed

Martín-Moro et al. [75] 6 0 Active disease Patients with no active cancer (watch and wait and 
remission status) had better outcome

CLL, chronic lymphocytic leukemia; BTKi, Bruton’s tyrosine kinase inhibitor.
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A small case series by Paneesha et al. [73] reported 4 
treatment-naive CLL patients with a severe course of CO-
VID-19 resulting in a high mortality rate of 75%. Follow-
ing the before-mentioned reports, comorbidity and age 
were predominant in the fatal cases with 3 patients being 
roundabout 80 years of age whilst the surviving patient 
was rather young (49 years).

The immunomodulatory role of venetoclax-based 
combinations and chemoimmunotherapy in the context 
of SARS-CoV-2 was analyzed by Fürstenau et al. [74]. 
Within a prospective phase 3 trial, 7 physically fit patients 
with CLL developed COVID-19. All but 1 patient had re-
ceived venetoclax-based combination treatment. Six of 7 
patients had to be hospitalized, and 2 patients died as a 
result of their SARS-CoV-2 infection. History of hypo-
gammaglobulinemia, as well as an impaired T-cell func-
tion, was documented in the majority of patients. This 
case series underscores that even young and fit patients 
with CLL are at increased risk for a complicated or lethal 
course of SARS-CoV-2.

A retrospective single-center analysis of patients with 
hematological malignancies who developed COVID-19 
by Martín-Moro et al. [75] identified 6 CLL patients that 
had been hospitalized due to SARS-CoV-2 infection. In 
this small case series, patients with lymphoproliferative 
disorders (including CLL) had a superior survival com-
pared to plasma cell dyscrasias, acute leukemias, mye
loproliferative neoplasms, and myelodysplastic syn-
dromes. Patients with no active cancer (watch-and-wait 
strategy and remission status) presented better out-
comes.

The Hospital Clinic from Barcelona provided an at-
tempt to determine the prevalence of COVID-19 in pa-
tients with CLL by analyzing 2,366 hospitalized patients 
infected with SARS-CoV-2 during the first peak of the 
pandemic. Among those were 4 CLL patients with a mild 
course measured by admission to intensive care [76]. The 
here calculated prevalence of SARS-CoV-2 infections 
among CLL patients was rather low with 0.95% (4 of 420 
patients, representative of the general CLL population).

To investigate the potential role of ongoing CLL treat-
ment on the outcome of patients infected by SARS-
CoV-2, the CLL commission of the Lombardy Hematol-
ogy Network analyzed data from 2902 patients with CLL 
treated with ibrutinib (N = 278), venetoclax (N = 50), ide-
lalisib (N = 9), and chemoimmunotherapy (N = 18) [77]. 
A total of 23 SARS-CoV-2 infections were identified, of 
whom 15 patients did not receive any treatment. The re-
maining patients received ibrutinib (N = 4), venetoclax 
(N = 3), and idelalisib (N = 1). The authors conclude that 
the low incidence of COVD-19 positivity among ibruti-
nib-treated patients (4 of 278) might hint to the modulat-
ing immune activity of ibrutinib, possibly mitigating clin-
ical manifestations of infection-driven cytokine release 
syndrome.

COVID-19 Treatments in Patients with Cancer

So far, the nucleotide analog remdesivir is the only reg-
istered drug to treat SARS-CoV-2 and shortens time until 
recovery in hospitalized patients without reduction of 

Table 3. Summary of clinical management of patients with CLL during COVID-19 pandemic

Vaccinate against S. pneumonia and seasonal influenza as early as possible

Substitute immunoglobulins in patients meeting the European Medicines Agency criteria for immunoglobulin substitution (35)

Continue watch-and-wait strategy in asymptomatic CLL patients lacking treatment indication

Try to decrease number of visits in stable CLL patients during pandemic peak

Exclude COVID-19 before initiating treatment by careful anamnesis, examination, and PCR testing of the nasopharynx

Chose CLL treatment based on the individual patients’ risk profile including medical history (age, comorbidities, previous lines of 
treatment, and concomitant medication) and genetic and laboratory risk factors (TP53-status, deletion 17p, and IgHV mutational 
status)

Initiate treatment depending on epidemic trajectory and local situation of the hospital

Use G-CSF in treatment-associated neutropenia

Cautiously stop treatment in case of symptomatic SARS-CoV-2 infection and hold treatment until the patient is fully recovered

CLL, chronic lymphocytic leukemia; G-CSF, granulocyte colony-stimulating factor.
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mortality [78]. The RECOVERY UK study investigated 
the use of intravenous dexamethasone (at a dose of 6 mg 
once daily) in patients who were hospitalized with CO-
VID-19 [79]. Preliminary results of this study demon-
strated a lower 28-day mortality rate among those who 
were receiving either invasive mechanical ventilation or 
oxygen alone at randomization but not among those re-
ceiving no respiratory support.

Two large retrospective studies of COVID-19 and 
Cancer Consortium (CCC19) evaluated the impact of 
COVID-19 treatment in patients with cancer. The first 
study by Kuderer et al. [80] reported a 30-day all-cause 
mortality of 13% among patients with active or prior can-
cer and confirmed SARS-CoV-2 infection and suggested 
increased 30-day all-cause mortality among patients re-
ceiving the combination of hydroxychloroquine plus 
azithromycin. Other factors associated with increased 
mortality included age, male sex, former smoking status, 
number of comorbidities, Eastern Cooperative Oncology 
Group performance status (ECOG PS) of 2 or higher, and 
active cancer.

The follow-up study by Rivera et al. [81] examined the 
association of COVID-19 treatments with 30-day all-
cause mortality among 2,186 patients with cancer and 
confirmed SARS-CoV-2 infection. Hydroxychloroquine 
with any other drug was associated with increased mor-
tality versus treatment with any COVID-19 treatment 
other than hydroxychloroquine or untreated controls. 
Remdesivir had numerically reduced mortality versus 
untreated controls that did not reach statistical signifi-
cance. The encouraging findings for corticosteroids in the 
abovementioned UK RECOVERY trial were not replicat-
ed in this cohort of patients with cancer [79].

Convalescent Plasma for the Treatment of Severe 
COVID‐19 Infection in Cancer Patients

Passive immunization is the transfer of virus-neutral-
izing antibodies that are contained in convalescent plas-
ma of recovered individuals. Several observational stud-
ies have evaluated safety and efficacy of administration of 
convalescent plasma transfusion in patients with COV-
ID-19 to reduce symptoms and mortality [82, 83]. The 
Food and Drug Administration has recognized the clini-
cal effect of investigational convalescent plasma transfu-
sion in patients with serious or immediately life-threat-
ening diseases who lack other therapeutic alternatives.

Tremblay et al. [84] report a case series of 24 patients 
with cancer (including 1 patient with CLL) who received 

convalescent plasma as part of an expanded access proto-
col (NCT04338360). Nonintubated patients, particularly 
those on nasal cannula alone, had favorable outcomes. 
Three mild febrile nonhemolytic transfusion reactions 
were observed. C-reactive protein significantly decreased 
after 3 days of treatment, while other laboratory param-
eters including ferritin and D-dimer remained un-
changed. After a median of hospital duration of 9 days, 13 
patients (54.2%) had been discharged home, 1 patient 
(4.2%) was still hospitalized, and 10 patients had died 
(41.7%). This series provides clinical experience of con-
valescent plasma in patients with COVID-19 who have an 
underlying malignancy and supports further consider-
ation of convalescent plasma as a therapeutic approach.

The Role of BTKis in SARS-CoV-2 Treatment

The BTKis ibrutinib and acalabrutinib have been hy-
pothesized to have protective effects against COVID-19 
by affecting macrophages and attenuating the immune 
response leading to weakened hyperinflammatory re-
sponse and are currently being investigated in the treat-
ment of COVID-19 [71, 85]. Treon et al. [86] reported the 
impact of ibrutinib in 6 patients with Waldenstrom’s 
macroglobulinemia also infected with COVID-19. The 
investigators hypothesized that ibrutinib may protect 
against pulmonary lung injury based on positive results 
observed in a lethal flu animal model. Five of the 6 pa-
tients with Waldenstrom’s macroglobulinemia receiving 
ibrutinib 420 mg/day did not experience dyspnea, re-
quired no hospitalization, and showed steady improve-
ment with resolution or near resolution of COVID-19-re-
lated symptoms. The sixth patient receiving 140 mg/day 
experienced progressive dyspnea and hypoxia requiring 
hospitalization and ultimately recovered after further 
treatment.

Thibaud et al. [87] reported the outcomes of 8 patients 
receiving a BTKi (ibrutinib n = 7 and acalabrutinib n = 1) 
for CLL and hospitalized with COVID-19. BTKi was held 
in 6 patients and continued in the remaining two. Two 
patients in the group that held BTKi developed respira-
tory failure, and the other patients had mild-to-moderate 
disease. The 2 patients continuing BTKi treatment had 
short hospital stays, minimal oxygen requirements, and 
recovered fully. No significant adverse events attributed 
to BTKi developed in either patient who continued BTKi 
therapy.

The authors of both studies concluded that these hy-
pothesis-generating and preliminary results require con-
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firmation from randomized controlled studies to evaluate 
the benefit-risk profile of ibrutinib in patients hospital-
ized with COVID-19. The American Society of Hematol-
ogy (ASH) advises caution with abrupt discontinuation 
of ibrutinib to avoid a cytokine release syndrome that has 
been associated with withdrawal [88]. However, as long 
as there are no prospective data, there is no recommenda-
tion to continue BTKi treatment in SARS-CoV-2-infect-
ed CLL patients either.

Clinical trials such as iNSPIRE (NCT04375397) or 
CALAVI (NCT04346199) are evaluating prospectively 
safety and efficacy of the BTKis ibrutinib or acalabrutinib 
compared to best supportive care in patients hospitalized 
with COVID-19-related pulmonary distress. The trials 
are ongoing, and results are not yet available.

Conclusion

At this time point, only scarce data on SARS-CoV-
2-infected CLL patients are available. The following con-
clusions can be drawn from the published data so far: 
both treated and untreated CLL patients are at risk for a 
severe SARS-CoV-2 infection. Advanced age seems to be 
a risk factor, whereas an ongoing treatment seems to not 
necessarily affect the course of infection adversely. Among 
hospitalized patients, the mortality rate is high. BTKis 
could have a protective effect against severe course of CO-
VID-19 by attenuating hyperinflammatory responses 
and are currently being investigated in patients hospital-
ized with COVID-19-related pulmonary distress.

In order to protect patients with CLL from other ad-
ditional pulmonary complications, every patient should 
be vaccinated against S. pneumoniae and seasonal influ-
enza. To increase the probability of a serological response, 
vaccination should be as early as possible, particularly be-
fore commencement of treatment and onset of hypogam-
maglobulinemia. To restore the humoral immune sys-
tem, criteria for immunoglobulin substitution should be 
evaluated, and immunoglobulins should be substituted if 
indicated according to EMA guidelines [35].

In asymptomatic CLL patients lacking treatment indi-
cation, the watch-and-wait strategy should continue. If 
the patient is stable, the number of visits should be de-
creased during pandemic peak to prevent nosocomial 
SARS-CoV-2 infection. The treating hematologist should 
consider to replace visits by regular phone calls if blood 
counts are performed at the general practitioner.

When treatment is indicated as defined by IWCLL 
guidelines, the treatment should not be postponed, but 

individual considerations during pandemic may justify a 
deferral [36]. As proposed by an expert panel, the deci-
sion about delivering treatment should be primarily in-
fluenced by the tempo of SARS-CoV-2 epidemiology 
(measured by the reproduction number), the local situa-
tion of the hospital, and the potential therapeutic benefit 
of the antileukemic therapy [89].

Before initiating treatment, SARS-CoV-2 should be 
excluded by careful examination and PCR testing from 
nasopharyngeal swabs. The optimal CLL treatment 
should be chosen based on the individual patients’ risk 
profile including medical history, age, comorbidities, pre-
vious lines of treatment, concomitant medication, and 
genetic and laboratory risk factors, but also on the above-
mentioned aspects including likely number of visits. Con-
sidering treatment-specific side effects, such as B-cell de-
pletion in monoclonal antibodies, neutropenia in chemo-
therapy and BCL-2 inhibitors, and bacterial and fungal 
infections in BTKis, is also necessary for treatment rec-
ommendation.

However, since there is currently no SARS-CoV-2 vac-
cine available, the pandemic will continue until further 
notice. It is important to regularly update the recommen-
dations and if possible to include all CLL patients in clin-
ical trials and/or registries to allow analyzation of the im-
pact of SARS-CoV-2 on the management of patients with 
CLL.
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