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INTRODUCTION
Since the beginning of the COVID-19 pandemic, complica-
tions of this disease among vulnerable populations have been 
a primary concern. Cancer patients are among the most vul-
nerable groups of patients owing to the compromised immune 
system and weakened overall health status1.

As a clonal malignancy of B lymphocytes, in which the 
abnormal monoclonal B lymphocytes are accumulated in the 
peripheral blood, bone marrow, and lymphoid tissues, chronic 
lymphocytic leukemia (CLL) results in compromised immune 
system by quantitative and qualitative deficiencies in lympho-
cyte populations vital for effective immune response and sur-
veillance2. Additionally, cells exhibit aberrant expression of 
surface markers and altered cytokine signaling, resulting in 
impaired antigen presentation, defective cytotoxicity, and com-
promised humoral immunity3. Consequently, CLL patients 
show heightened susceptibility to bacterial, viral, and fungal 
infections, with increased morbidity and mortality attributable 
to infectious complications4.

Given the vulnerability of CLL patients and their sus-
ceptibility to COVID-19-related adverse events, this study 
aims to evaluate the impact of COVID-19 on the general 
conditions, prognosis, and clinical outcomes of patients 
with CLL.

METHODS
This review was conducted in compliance with the recom-
mendations of the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA), following an evi-
dence-based research question, defined to address the 
impact of COVID-19 infection on clinical outcomes of CLL 
patients5. The study protocol is registered in the International 
Prospective Register of Systematic Reviews (PROSPERO, 
CRD42021244712).

Search strategy
Medline (via PubMed), Scopus, Web of Science, and Cochrane 
Library were systematically searched using the free keywords 
and MeSH terms related to COVID-19, SARS-CoV-2, and 
Chronic Lymphocytic Leukemia, with no limitation in lan-
guage and date of publication till the end of February 2024. 
To have a complete pool of related studies, the reference lists 
of studies were also assessed.

Inclusion criteria and study selection
Two independent researchers screened the results by title, abstract, 
and full-text articles. All types of clinical studies were included 
if adult patients with CLL, small lymphocytic leukemia, or 
monoclonal B-cell lymphocytosis, and a confirmed diagnosis 
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of COVID-19 were present. Studies with insufficient sample 
size, animal studies, reviews, consensus papers, and practical 
guidelines were excluded.

Quality assessment and statistical analyses
Based on the type of the study, the remaining records were 
critically appraised by two independent researchers using the 
proper JBI Critical Appraisal Tools. CMA v2.0 was used to 
pool the data. A high degree of heterogeneity was defined as 
p value<0.05 or I2>50%, where a random-effect model would 
be used for pooling.

RESULTS
From the 1,044 search results, 387 duplicate records were 
removed. After screening the records, 24 were selected based 
on compatibility with the inclusion criteria (Figure 1). Of the 
24 studies, 4 were flagged as high in risk of bias, but no study 
was removed from the pool.

Patient characteristics
A total of 24 articles, reporting the results of 25 studies, with 
7,091 patient records were included6-29. Most studies reported 
a median age of 68–72 years at the time of COVID-19 diag-
nosis (Table 1). Of the included patients, 64.6% were male, 
39.82% were treatment-naïve, and 37.96% were under treat-
ment at the time of COVID-19 diagnosis, most common with 
Bruton’s tyrosine kinase inhibitor (59.34%).

Hospitalization and mortality
Data regarding COVID-19-related mortality with a fol-
low-up time of at least 1 month were pooled. Twenty-two 
independent studies with 5,167 patients had available data 
for COVID-19-related mortality in CLL patients. The pooled 
mortality risk was estimated as 23.53% (95%CI: 18.12–
28.94%), with a considerable heterogeneity (I2=96.04%, p 
value<0.01). The pooled risk of hospitalization was estimated 
as 69.13% (95%C I: 61.14–77.11%), also with a high het-
erogeneity (I2=96.64%, p value<0.01) (Figure 2). A 28.27% 
(95%CI: 23.55–33.52%) risk of admission to intensive care 
unit was estimated among hospitalized patients. The included 
studies reported decreased hospitalization rates through 
the pandemic; however, sufficient data were unavailable to 
perform a pooled analysis. An overall mortality of 33.3% 
(95%CI: 29.72–37.16%) was estimated among the hospi-
talized patients. No statistically significant difference was 
detected in the pooled risk of hospitalization between male 
and female patients within the available data (OR=1.19, 
95%CI: 0.50–2.84, p value: 0.68).

Underlying conditions and medical history
The pooled risks of hospitalization and death in patients 
with a history of hypertension were 90.09% (95%CI: 
82.56–94.58%) and 28.18% (95%CI: 14.09–48.43%), and 
in patients with a history of diabetes mellitus were 81.17% 
(95%CI: 71.69–88%) and 30.4% (95%CI: 20.45–42.73%), 
respectively. The pooled risks of hospitalization and death 
in patients with a history of coronary artery disease and/or 
cardiac failure were 78.43% (95%CI: 54.3–91.75%) and 
32.03% (95%CI: 19.93–47.13%), respectively. The risks 
of hospitalization and mortality were not reported in a 
sufficient number of studies to report a pooled ratio for 
patients with a history of arrhythmia, asthma, chronic 
obstructive pulmonary disease, and chronic kidney dis-
ease. CLL patients with active smoking were at an 81.18% 
(95%CI: 66.64–90.31%) risk of hospitalization and 38.58% 
(95%CI: 13.38–71.86%) mortality risk. Overall, 46.1% of 
the patients had a Cumulative Illness Rating Scale (CIRS) 
score over 6. Patients with CIRS>6 had an 87.73% (95%CI: 
76.23–94.1%) risk of hospitalization and 34.75% (95%CI: 
22.3–49.7%) risk of mortality.

A poor Eastern Cooperative Oncology Group (ECOG) 
performance status scale was significantly reported with an 
increased risk of COVID-19-related mortality. Also, age over 
65 years at the time of COVID-19 diagnosis was significantly 
associated with higher hospitalization and mortality rates; how-
ever, these variables had insufficient data for pooling.

Figure 1. Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis flow diagram of the study.
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Clinical presentation, symptoms,  
and complications
Fever, cough, dyspnea, and fatigue were the most common pre-
sentations in CLL patients with COVID-19 infection, with a 
prevalence of 74.30%, 60.14%, 48.05%, and 37.97%, respec-
tively. Myalgia, diarrhea, and nausea/vomiting were the less 
common symptoms, with a prevalence of 15.52%, 13.46%, 
and 8.01%, respectively. From 1,142 available patient records, 
a pooled risk of disseminated intravascular coagulation /throm-
bosis of 11% (95%CI: 7.13–16.59%) was estimated for CLL 
patients as the main complication of COVID-19 infection.

Unlike other symptoms, fever at the time of COVID-19 
diagnosis is suggested to be associated with hospitalization in 

the included studies (reported HR=2.07, 95%CI: 1.03–4.19, 
p value<0.05); however, available data were not sufficient for a 
pooled analysis. Anemia, thrombocytopenia, and elevated lac-
tate dehydrogenase level at the initial assessment were statisti-
cally associated with adverse clinical outcomes and COVID-
19-related mortality. One study (Visentin et al.) reported the 
WHO-defined post-COVID condition in CLL COVID-19 
survivors, with a prevalence of 15.8%.

DISCUSSION
Due to the global impact of the COVID-19 pandemic, can-
cer patients who contact the virus have experienced adverse 

Table 1. Characteristics of the included studies.

CLL: chronic lymphocytic leukemia; ICU: intensive care unit; IQR: interquartile range; N: not reported.

Authors Year Country
Number of CLL patients

Age (median) Hospitalized
ICU 

admission
Deaths

Total Male Female

Aleshina et al.6 2023 Russia 45 N N N 45 18 14

Antic et al.7 2022 International 793 551 242 69 (IQR: 61–77) 593 162 N

Autore et al.8 2023 Italy 104 72 32 69 (IQR: 67–72) N N 10

Blixt et al.9 2022 Sweden 60 39 21 71 (range: 43–97) 46 11 14

Bronstein et al.10 2023 Israel 128 91 37 72 (IQR: 64–78) 34 N 6

Chatzikonstantinou 
et al.11 2021 International 941 628 313 69 (IQR: 61–77) 695 177 257

Cuneo et al.12 2021 Italy 494 N N 324 patients >65 years 307 N 122

Glenthøj et al.13 2021 Denmark 31 19 12 (mean ± SD: 67.0 ± 16.7) 25 6 6

Kochneva et al.14 2022 Russia 136 84 52 66 (range: 42–90) 119 30 34

Mato et al.15 2020 International 198 125 73 70.5 (range: 38–98) 178 68 66

Mato et al.16 2023 USA 50 N N 67 (range: 43–86) 28 N 14

Merli et al.17 2023 Italy 256 155 101 70 (IQR: 38–94) 176 50 77

Muntañola et al.18 2020 Spain 165 112 53 73 (range: 37–94) 152 47 45

Niemann et al.19 2022 Denmark 793 487 306 72 (IQR: 64–78) 105 13 37

Niemann et al.20 2022 International 67 N N 69 (range: 43–90) 47 N 20

Puła et al.21 2022 Poland 188 119 69 68 (range: 37–87) 111 25 50

Roeker et al.22 2020 USA 30 22 8 65 (range: 41–82) 19 N 4

Roeker et al.23 2020 International 281 188 93 72 (range: 37–94) 281 56 85

Roeker et al.23 2020 International 130 83 47 68 (range: 41–98) 130 63 44

Scarfò et al.24 2020 International 190 126 64 72 (range: 48–94) 169 39 56

Šimkovič et al.25 2023 Czech Republic 341 237 104 69 (range: 39–92) 206 72 95

Stahl et al.26 2021 USA 25 N N N N N 2

Tekinalp et al.27 2022 Turkey 50 23 27 73 (range: 31–93) 50 36 13

Trajkova et al.28 2022 Republic of Macedonia 55 44 11 65 N N 26

Visentin et al.29 2023 International 1,540 998 542 69 (IQR: 62–77) 1,007 240 368
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Figure 2. Pooled analysis for risk of mortality (a) and hospitalization (b) in chronic lymphocytic leukemia patients with COVID-19 infection.

outcomes. Recent data indicate a general susceptibility of indi-
viduals with hematological malignancies to SARS-CoV-2 infec-
tion, and, at the top of all, CLL, making them more prone to 
severe forms of COVID-1930.

The mortality rate in CLL patients varies based on differ-
ent factors, including age, stage of the disease, overall health, 
the presence of underlying comorbidities, and the effective-
ness of supportive treatments. In the context of COVID-19, 
CLL patients may face an increased risk of mortality due to 
the immunocompromised state associated with the disease and 

the systemic treatment. Previous studies have reported a case 
fatality rate of 32–47%31,32. CLL patients with symptomatic 
COVID-19 and requiring inpatient admission showed high 
mortality rates.

Advanced age is consistently associated with increased mortal-
ity in COVID-19 patients, and a similar trend has been observed 
among CLL patients as well. Aging is associated with a weakened 
immune system, limited physiological reserve, and organ failures. 
Underlying health conditions or comorbidities, such as cardiovascular 
disease, diabetes, or respiratory conditions, may lead to a higher rate 

A
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