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Wąsik-Szczepanek, E.;

Drozd-Sokołowska, J.; et al. Outcome

of SARS-CoV-2-Infected Polish

Patients with Chronic Lymphocytic

Leukemia. Cancers 2022, 14, 558.

https://doi.org/10.3390/

cancers14030558

Academic Editor: David Wong

Received: 30 December 2021

Accepted: 20 January 2022

Published: 22 January 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

cancers

Article

Outcome of SARS-CoV-2-Infected Polish Patients with Chronic
Lymphocytic Leukemia
Bartosz Puła 1, Katarzyna Pruszczyk 1, Ewa Pietrusza 2, Marta Morawska 3,4, Weronika Piszczek 5,
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Simple Summary: The severe acute respiratory syndrome coronavirus (SARS-CoV-2) has become
the cause of a worldwide pandemic, and its clinical infection course in patients with hematological
malignancies may be severe. Chronic lymphocytic leukemia (CLL) patients are among this group,
and CLL-directed therapies are discussed as potential COVID-19-severity modifying agents. So far,
the published data and clinical experience in treatment of COVID-19 patients with CLL are still scarce.
Therefore, we aimed at retrospectively analyzing factors associated with SARS-CoV-2 infection course
in patients with CLL.

Cancers 2022, 14, 558. https://doi.org/10.3390/cancers14030558 https://www.mdpi.com/journal/cancers

https://doi.org/10.3390/cancers14030558
https://doi.org/10.3390/cancers14030558
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/cancers
https://www.mdpi.com
https://orcid.org/0000-0002-4562-6264
https://orcid.org/0000-0002-8951-4563
https://orcid.org/0000-0003-4239-2834
https://orcid.org/0000-0002-9035-4042
https://orcid.org/0000-0003-4164-9343
https://orcid.org/0000-0001-7234-9410
https://orcid.org/0000-0002-9885-5140
https://orcid.org/0000-0002-8927-4125
https://orcid.org/0000-0003-0135-4030
https://doi.org/10.3390/cancers14030558
https://www.mdpi.com/journal/cancers
https://www.mdpi.com/article/10.3390/cancers14030558?type=check_update&version=2


Cancers 2022, 14, 558 2 of 13

Abstract: Background. The severe acute respiratory syndrome coronavirus (SARS-CoV-2) has become
the cause of a worldwide pandemic, and its clinical infection course in patients with hematolog-
ical malignancies may be severe. Methods. We performed a retrospective study on 188 chronic
lymphocytic leukemia patients (CLL) with COVID-19 infection. Results. At the time of infection
51 patients (27.1%) were treated with Bruton tyrosine kinase inhibitor (BTKi), 46 (24.5%) with anti-
CD20 antibodies while 37 patients (19.7%) received venetoclax. In total, 111 patients (59.0%) required
hospitalization and 50 patients (26.5%) died due to COVID-19. Patients with poor performance status
(ECOG >1; p = 0.02), advanced age (>65 years; p = 0.04), low hemoglobin concentration (≤10 g/dl;
p = 0.0001), low platelets (<100 × 109/L; p = 0.003), and elevated lactate dehydrogenase level (LDH;
p = 0.014) had an increased risk of death due to COVID-19. Neither CLL treatment status (treatment
naïve vs. treated) nor the type of CLL-directed treatment had impact on the SARS-CoV-2 related risk
of death. The multivariate survival analysis showed that advanced age (p = 0.009) and low platelet
count (p = 0.0001) were associated with significantly shorter patients’ overall survival. Conclusions.
SARS-CoV-2 infection in CLL patients is associated with poor outcome regardless of administered
CLL-directed treatment.

Keywords: chronic lymphocytic leukemia; SARS-CoV-2; infection; prognosis; COVID-19

1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), responsible for coro-
navirus disease 19 (COVID-19), has led to a significant morbidity increase worldwide
since its outbreak in December 2019 in Wuhan, China [1]. The severity of the disease can
vary between particular patients, however advanced age, cardiovascular comorbidities
and history of cancer were shown to be associated with worse outcome [2–5]. Chronic
lymphocytic leukemia (CLL) is the most common leukemia, with a median age at diagnosis
reaching 72 years, and often patients at diagnosis are characterized by the presence of
other comorbidities potentially affecting treatment possibilities and outcome [6]. CLL is
characterized by defects of both adoptive and innate immune response, and the adminis-
tered antileukemic treatment further strengthens immune defects, affecting elimination of
SARS-CoV-2 leading to poor patient outcome [7,8]. A recently performed meta-analysis
showed a high case fatality rate (CFR) of 34% in 3240 adult, mainly hospitalized patients
with hematological malignancies [9]. Indeed, published reports indicate a closely related
CFR in CLL patients which ranges from 27.3% to 35% depending on the study, rate of hos-
pitalization (60–78%) and time from the beginning of the COVID-19 pandemic [10–13]. The
observational study of Roeker et al. showed that some improvement in the management of
COVID-19 patients had been made, as the CFR rate dropped from 35% at the beginning of
the pandemic to 11% at later months [12].

Despite this fact, the morbidity of CLL patients infected with the SARS-CoV-2 virus
remains high, and further progress is needed. Although several agents have been approved
for COVID-19 treatment and dexamethasone showed a significant impact in patients
requiring oxygen supplementation on overall survival (OS), the number of hematological
patients in these studies was low and does not allow for translating these findings to
the field of immunocompromised patients [14–17]. Interestingly, analysis of COVID-19-
directed therapies in CLL-hospitalized patients revealed that remdesivir treatment and
convalescent fresh frozen plasma (CCP) transfusion reduced the risk of death, whereas
dexamethasone and hydrochloroquine administration increased it [12].

Despite the growing number of agents being approved for the treatment of COVID-19,
this disease still poses a serious clinical problem in CLL patients. In this paper, we analyze
the outcome of SARS-CoV-2 infection in 188 CLL patients based on the data collected within
a retrospective study conducted by the Polish Adult Leukemia Study Group (PALG).
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2. Materials and Methods
2.1. Patients

The study was conducted in accordance with the provisions of the Declaration of
Helsinki and the International Conference on Harmonization Guidelines for Good Clinical
Practice. The data were acquired retrospectively by the Polish Adult Leukemia Group
(PALG) sites by identifying patients from their local registries. CLL patients with SARS-
CoV-2 infection confirmed by a positive test result using rapid antigen detection or real-time
polymerase chain reaction (PCR) test were included in the analysis. Treatment indications
and response assessments were based on the 2018 International Workshop on Chronic
Lymphocytic Leukemia (IWCLL) criteria and performed by the enrolling physicians.

Data were collected between 25 March 2020 and 7 May 2021. Vaccines against SARS-
CoV-2 in Poland became available at the end of December 2020, first for the medical staff,
then for the subsequent age groups, starting from octogenarians. SARS-CoV-2 vaccination
became available for oncological patients only in March 2021, which means that at the time
of analysis, most patients were not immunized against SARS-CoV-2.

2.2. Statistical Analysis

The data were analyzed in Statistica 13.3 (Dell Inc., StatSoftPolska Sp. z o.o., Cracow,
Poland), Graph Pad Prism 9 (La Jolla, CA, USA) and SAS software (SAS Institute Inc., Cary,
NC, USA). For univariate analysis Kruskal–Wallis, Mann–Whitney U, Fisher’s exact and
chi-squared tests were employed. The overall survival (OS) was defined as the time from
positive SARS-CoV-2 test to death and was analyzed with a log-rank test. Multivariate
analysis of OS was performed using the Cox proportional hazard model. The level of
statistical significance was set at p < 0.05.

3. Results
3.1. Patients’ Characteristics

The study group included 188 CLL patients. The median age of the patients at COVID-
19 diagnosis was 67.9 years (range 36–87), and 70 (37.2%) were men (Table 1). COVID-19
diagnosis was made in 173 patients (92.0%) on the basis of a positive PCR test, whereas in
16 patients (8.5%) it was based on the positive result of the antigen test. The Median Eastern
Cooperative Study Group (ECOG) score was 1 (range 0–4). At the time of SARS-CoV-2
infection, 29 (15.4%) patients were treatment-naïve (TN), 41 (21.8%) had ended treatment,
whereas 118 (62.8%) were undergoing an active phase of CLL therapy. The median num-
ber of lines of previously administered treatment regimens was 1 (range 0–7), whereas
24 (12.8%) patients received four or more treatment lines. At the time of infection, 51
patients (27.1%) were being treated with Bruton tyrosine kinase inhibitor (BTKi), 46 (24.5%)
with anti-CD20 antibodies, while 37 patients (19.7%) were receiving venetoclax therapy.
The median follow-up time was 72 days (range 0–334).

Table 1. Clinicopathological characteristics of all analyzed patients and patients requiring hospitalization.

All Patients Hospitalized Patients

Age (median; range) 68 (37–87) 69 (37–87)

Parameter N (%) N (%)

Sex
Men 119 (63.3%) 70 (63.1%)
Women 69 (36.7%) 41 (36.9%)
Rai stage
0 13 (6.9%) 8 (7.2%)
1 40 (21.3%) 23 (20.7%)
2 69 (36.7%) 36 (32.4%)
3 28 (14.9%) 15 (13.5%)
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Table 1. Cont.

All Patients Hospitalized Patients

4 32 (17%) 23 (20.7%)
NA 6 (3.2%) 6 (5.4%)
Binet stage
A 45 (23.9%) 19 (17.1%)
B 70 (37.2%) 40 (36%)
C 29 (15.4%) 20 (18%)
NA 44 (23.4%) 32 (28.8%)
ECOG
2–4 46 (24.5%) 37 (33.3%)
0–1 136 (72.3%) 71 (64%)
NA 6 (3.2%) 3 (2.7%)
WBC [×109/L]
≤25 132 (70.2%) 77 (69.4%)
>25 56 (29.8%) 34 (30.6%)
Hemoglobin [g/dL]
≤10 44 (23.4%) 39 (35.1%)
>10 143 (76%) 71 (64%)
NA 1 (0.5%) 1 (0.9%)
Platelets [×109/L]
≤100 51 (27.1%) 39 (35.1%)
>100 137 (72.9%) 72 (64.9%)
Lactate dehydrogenase
Elevated 71 (37.8%) 50 (45%)
Normal range 90 (47.9%) 43 (38.7%)
NA 27 (14.4%) 18 (16.2%)
BMI
<18.5 1 (0.5%) 1 (0.9%)
18.5–25 48 (25.5%) 26 (23.4%)
25–30 87 (46.3%) 50 (45%)
>30 36 (19.1%) 22 (19.8%)
NA 16 (8.5%) 12 (10.8%)
Creatinine [mg/dL]
>1.3 19 (10.1%) 14 (12.6%)
≤1.3 163 (86.7%) 95 (85.6%)
NA 6 (3.2%) 2 (1.8%)
Deletion 17p
Yes 23 (12.2%) 71 (64%)
No 126 (67%) 14 (12.6%)
NA 39 (20.7%) 26 (23.4%)
TP53 mutation
Yes 14 (7.4%) 59 (53.1%)
No 106 (56.4%) 10 (9%)
NA 68 (36.2%) 42 (37.8%)
Deletion 11q23
Yes 21 (11.2%) 56 (50.5%)
No 100 (53.2%) 14 (12.6%)
NA 67 (35.6%) 41 (36.9%)
CLL treatment status
Treatment-naive 29 (15.4%) 15 (13.5%)
During treatment 117 (62.2%) 74 (66.7%)
After treatment 41 (21.8%) 22 (19.8%)
NA 1 (0.5%) 0 (0.0%)
Lines of previous therapy
≥4 23 (12.2%) 17 (15.3%)
0–3 164 (87.2%) 94 (84.7%)
NA 1 (0.5%) 0 (0.0%)
BTKi treatment
No 137 (72.9%) 88 (79.3%)
Yes 51 (27.1%) 23 (20.7%)
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Table 1. Cont.

All Patients Hospitalized Patients

Venetoclax treatment
Yes 50 (26.6%) 23 (20.7%)
No 138 (73.4%) 88 (79.3%)
Anti-CD20 treatment
Yes 46 (24.5%) 34 (30.6%)
No 142 (75.5%) 77 (69.4%)

BMI—body mass index; BTKi—Brutons tyrosine kinase inhibitor; ECOG—Eastern Cooperative Oncology Group;
NA—not available; WBC—white blood count.

3.2. Survival Analysis of the Whole Study Cohort

In the study group, 50 patients (26.5%) died due to COVID-19 disease. In the nonhos-
pitalized group, 7 out of 77 patients (9.1%) died. Patients with poor performance status
(ECOG > 1; p = 0.02), advanced age (>65 years; p = 0.04), low hemoglobin concentration
(≤10 g/dL; p = 0.0001), low platelet count (<100 × 109/L; p = 0.003), and elevated lactate
dehydrogenase level (LDH; p = 0.014) were at the increased risk of death due to COVID-19
(Supplementary Table S1). The multivariate analysis revealed that independent factors
associated with risk of death due to SARS-CoV-2 infection and its complications included
advanced age (p = 0.02), low hemoglobin concentration (p = 0.0019) and platelet level
(p = 0.004).

Median OS of the whole study cohort was not reached (Figure 1a). The univari-
ate survival analysis showed that advanced age (>65 years; HR 2.07; 95% CI 1.17–3.45;
p = 0.04), poor performance status (ECOG > 1; HR 2.13; 95% CI 1.07–4.2; p = 0.007), low
hemoglobin level (Hb ≤ 10 g/dL; HR 2.82; 95% CI 1.42–5.6; p = 0.0005), low platelet count
(PLT < 100 × 109/L; HR 2.69; 95% CI 1.36–5.29; p = 0.0012), and elevated LDH level (HR
1.9; 95% CI 1.05–3.52; p = 0.008) were associated with significantly shorter overall survival
(Supplementary Table S2 and Figure S1). Patients aged older than 70 years were identified
to have the worst outcome (p < 0.03) (Figure 2a). Multivariate Cox regression hazard
analysis showed that only advanced age ((HR 2.27, 95% CI 1.22–4.17) and low platelet
count (HR 3.04, 95% CI 1.72–5.36, p = 0.0001) were independent factors for shorter OS. To
assess the impact of COVID-19 on patients, we compared the current cohort of patients to
two observational groups stemming from pre-COVID-19 times. The first cohort comprised
138 treatment-naïve CLL patients diagnosed in the years 2010–2014 at the Institute of Hema-
tology and Transfusion Medicine (Supplementary Table S3). The second historical cohort
included 171 patients with relapse-refractory CLL treated with ibrutinib monotherapy in a
compassionate drug-use program collected within the observational study of Polish Adult
Leukemia Study Group (Figure 2b) [18]. Analysis of the Kaplan–Meier survival curves re-
vealed the significant impact of COVID-19 infection on patient overall survival (p < 0.0001).
The 180-day survival rate in the analyzed COVID-19 cohort was 71.6%, whereas in the
TN-CLL and ibrutinib treated groups it was 100% and 87.7%, respectively.

3.3. Risk Factors for Hospitalization

In the analyzed cohort, 111 patients (59.0%) required hospitalization. Poor ECOG
performance status (p < 0.001), hemoglobin levels (Hb ≤ 10 g/dL; p < 0.0001), low platelet
count (PLT < 100 × 109/L; p = 0.012), elevated LDH level (p = 0.09), advanced Binet stage
at diagnosis (p = 0.048) and treatment with anti-CD20-directed antibodies (p = 0.01) were
associated with the need of hospitalization due to SARS-CoV-2 infection (Supplementary
Table S4). The multivariate analysis revealed that the independent factors associated with
the risk of hospitalization due to SARS-CoV-2 infection and its complications included
the presence of 17p deletion (p = 0.042), anti-CD20 antibody treatment (p = 0.02), low
hemoglobin (p = 0.008), and platelet (p = 0.004) levels and elevated LDH level (p = 0.0023).
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comparison to treatment-naïve chronic lymphocytic leukemia patients (TN–CLL) and observational
relapse and refractory chronic lymphocytic leukemia treated with ibrutinib (ibrutinib group) patients
form the pre-COVID-19 time (b). Data were cut to 360 days on the time axis. * p < 0.05; **** p < 0.0001
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3.4. Analysis of the Hospitalized Subgroup

Data of hospitalized patients are summarized in Table 1. Overall, 25 (22.5%) pa-
tients were hospitalized in the intensive care unit (ICU). The median time of hospitaliza-
tion in hematological/internal ward was 14 days (range 1–150), whereas it was 8.5 days
(range 1–41) in the ICU. The median follow-up time in the hospitalized patients was 45
days (0–334). At the time of data acquisition, 32 (28.8%) patients (3 patients in the ICU)
were still hospitalized. The hospitalized patients were treated according to their respec-
tive center guidelines. Overall, 99 (89.1%) patients required oxygen supplementation.
High-flow nasal oxygen therapy (HFNOT) and mechanical ventilation were used in 35
(31.8%) and 22 (20.0%) patients, respectively. Among the hospitalized patients, 93 (84.5%)
received antibiotics, 77 (69.4%) received dexamethasone, low-molecular weight heparin
(LMWH) was given to 71 (64.5%) patients, 52 (46.8%) received COVID-19 convalescent fresh
frozen plasma (CCP), whereas 39 (35%) patients underwent remdesivir therapy. Out of
the patient-dependent factors known at the time of COVID-19 diagnosis, only low platelet
count (p = 0.02) and low hemoglobin level (p = 0.02) were associated with an increased risk
of death due to COVID-19 (Table 2). In the multivariate analysis, the risk of death was
associated with low hemoglobin level (p = 0.02) and lower platelet count (p = 0.009).
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Table 2. Factors associated with increased risk of death in the hospitalized patients.

No Yes

Gender N (%) N (%) p-value
Men 43 61.43% 27 38.57% 0.99
Women 25 60.98% 16 39.02%
Age
>65 39 56.52% 30 43.48% 0.23
≤65 29 69.05% 13 30.95%
Rai Stage
0 3 37.50% 5 62.50% 0.43
1 16 69.57% 7 30.43%
2 21 58.33% 15 41.67%
3 11 73.33% 4 26.67%
4 13 56.52% 10 43.48%
Binet stage
A 12 63.16% 7 36.84% 0.87
B 24 60.00% 16 40.00%
C 11 55.00% 9 45.00%
ECOG
2–4 47 66.20% 24 33.80% 0.15
0–1 19 51.35% 18 48.65%
WBC [×109/L]
≤25 48 62.34% 29 37.66% 0.83
>25 20 58.82% 14 41.18%
Hemoglobin [g/dL]
≤10 18 46.15% 21 53.85% 0.02
>10 49 69.01% 22 30.99%
Platelets [×109/L]
≤100 18 46.15% 21 53.85% 0.02
>100 50 69.44% 22 30.56%
Lactate dehydrogenase
Elevated 26 52.00% 24 48.00% 0.21
Normal range 28 65.12% 15 34.88%
BMI
<18.5 1 100.00% 0 0.00% 0.74
18.6–24.9 17 65.38% 9 34.62%
25–30 31 62.00% 19 38.00%
>30 12 54.55% 10 45.45%
Creatinine [mg/dL]
>1.3 8 57.14% 6 42.86% 0.6
≤1.3 59 62.11% 36 37.89%
Deletion 17p
Yes 10 71.43% 4 28.57% 0.55
No 43 60.56% 28 39.44%
Deletion 11q23
Yes 9 64.29% 5 35.71% 0.99
No 35 62.50% 21 37.50%
TP53 mutation
Yes 5 17.86% 23 82.14% 0.73
No 5 50.00% 5 50.00%
CLL treatment status
Treatment naive 8 53.33% 7 46.67% 0.79
After 14 63.64% 8 36.36%
During 46 62.16% 28 37.84%
Lines of previous therapy
≥4 10 58.82% 7 41.18% 0.99
0–3 58 61.70% 36 38.30%
BTKi treatment
No 52 61.18% 33 38.82% 0.99
Yes 55 62.50% 33 37.50%
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Table 2. Cont.

No Yes

Venetoclax treatment
Yes 13 56.52% 10 43.48% 0.64
No 112 73.68% 40 26.32%
Anti-CD20 treatment
Yes 20 58.82% 14 41.18% 0.83
No 48 62.34% 29 37.66%

In the hospitalized group, 43 (38.7%) patients died. Median overall survival in the
hospitalized group cohort was not reached (Figure 1b). Survival comparison of hospi-
talized patients and those treated as outpatients revealed significantly shorter OS (HR
4.94, 95% CI 2.79–8.69; p < 0.0001). The univariate survival analysis showed that only low
hemoglobin and platelet counts were associated with worse patient survival outcome (HR
2.0, 95% CI 1.05–3.8, p = 0.04 and HR 2.37, 95% CI 1.2–4.67, p = 0.004, respectively, Table 3;
Supplementary Figure S2). Multivariate survival analysis showed that advanced age (HR
2.13, 95% CI 1.09-4.17) and low platelet count (HR 2.85, 95% CI 1.53–5.31; p = 0.0009) were
associated with significantly shorter OS.

Table 3. Overall survival of hospitalized patients.

No. of
Patients

OS
[Days] 95% CI HR 95% CI p-Value

Gender
Men 70 nr 45–nr 1.02 0.55–1.91 0.76
Women 41 nr 33–nr
Age
>65 69 nr 29–nr 1.71 0.92–3.18 0.14
≤65 42 nr 89–nr
Rai Stage
0 8 29 15–nr 0.35
1 23 nr 21–nr
2 36 nr 33–nr
3 15 nr 44–nr
4 23 nr 23–nr
Binet stage
A 19 nr 20–nr 0.89
B 40 nr 82–nr
C 20 nr 19–nr
ECOG
2–4 37 nr 33–nr 1.55 0.8–3.0 0.59
0–1 71 nr 89–nr
WBC [×109/L]
≤25 77 nr 31–nr 0.97 0.5–1.85 0.92
>25 34 nr 31–nr
Hemoglobin [g/dL]
≤10 39 44 29–nr 2.0 1.05–3.8 0.04
>10 71 nr nr
Platelets [×109/L]
≤100 39 31 19–nr 2.37 1.2–4.67 0.004
>100 72 nr nr
Lactate dehydrogenase
Elevated 50 100 22–nr 1.3 0.68–2.49 0.28
Normal range 43 nr 33–nr
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Table 3. Cont.

No. of
Patients

OS
[Days] 95% CI HR 95% CI p-Value

BMI
<18.5 1 nr nr 0.8
18.5–25 26 nr 44–nr
25–30 50 nr 29–nr
>30 22 nr 25–nr
Creatinine [mg/dL]
>1.3 14 100 26–nr 1.34 0.47–3.83 0.32
≤1.3 95 nr 82–nr
Deletion 17p
No 71 nr 45–nr 1.35 0.53–3.48 0.59
Yes 14 nr 8–nr
Deletion 11q23
Yes 14 nr 15–nr 1.1 0.4–3.04 0.92
No 56 nr 82–nr
TP53 mutation
Yes 10 nr 3–nr 0.65 0.21–2.0 0.42
No 59 nr 45–nr
CLL treatment status
Treatment naive 15 37 20–nr 0.64
After 22 nr 33–nr
During 74 nr 82–nr
Lines of previous therapy
≥4 17 nr 21–nr 1.01 0.45–2.29 0.91
0–3 94 nr 45–nr
BTKi treatment
No 85 370 45–nr 1.07 0.52–2.21 0.99
Yes 26 nr 21–nr
Venetoclax treatment
Yes 23 100 27–nr 1.2 0.57–2.54 0.73
No 88 nr 82–nr
Anti-CD20 treatment
Yes 32 nr 23–nr 1.34 0.68–2.66 0.5
No 77 nr 82–nr

4. Discussion

In this paper, we confirm that COVID-19 poses a serious threat to CLL patients
with a CFR of 26.5% observed in the whole cohort. An even more dismal outcome was
noted in patients requiring hospitalization due to COVID-19 infection in whom CFR rate
reached 38.7%. Our data are comparable in this case to other so-far published national and
international multicenter studies, where CFRs ranged from 27.3% to 35% [10–13]. The data
gathered in this study stem from the second and third waves of the COVID-19 pandemic in
Poland, when experience in the treatment of COVID-19 disease was very limited and the
SARS-CoV-2 vaccination program was at the earliest phase of its development. Therefore,
the data generated in our observational study should be compared mostly to the first
observational COVID-19 study reports, as the development of new SARS-CoV-2-directed
agents and gains in clinical experience based on the observations of Roeker et al. led to
outcome improvement in CLL patients by reducing the CFR from 35% to 11% [12].

In the analyzed cohort, 59% of patients required hospitalization, and overall 99 (89.1%)
patients required oxygen supplementation, whereas mechanical ventilation was necessary
in 22 (20.0%). Although we did observe a slightly lower number of hospitalized patients
in our cohort compared to other studies, the severity of the infection in the hospitalized
patients seems to be comparable to the data presented in other observational studies [10–13].
It is noteworthy that some studies underline that introduction of dexamethasone, remde-
sivir and gains in clinical experience helped to reduce the CFR, as shown in the studies
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of Roeker et al. and Blixt et al. [12,19]. Interestingly, in the study of Roeker et al., in the
later phase of the pandemic a reduced number of hospitalizations for CLL patients with
COVID-19 was observed (85% vs. 55%) as well as ICU admissions (32% vs. 15%), and
this also could have the beneficial effect on the observed lower mortality in the later phase
of the pandemic [12]. In contrast, in the study of Blixt et al., no significant difference in
the hospitalization rates was noted (86% vs. 71%). However, the observed reduction in
deaths from 32% to 18% could be related to the increasing clinical experience and broader
use of remdesivir and dexamethasone in the later period of the pandemic in Sweden (5%
to 41% and 47% to 78%) [19]. On the other hand, the largest analysis of CLL patients
with COVID-19 did not show any improvement between outcomes of subsequent waves
of SARS-CoV-2 infection [10]. Considering the variable drug availability, heterogenous
populations, and differences in local treatment protocols, a strict comparison of patient
outcomes between these studies is not possible.

We observed the increased risk of death in patients with advanced age. In our study,
we confirmed that advanced age is a significant factor for poor outcomes with COVID-19,
which corroborates the results of other observational studies [3,4,10,13]. Interestingly we
also noted that low hemoglobin and platelet levels were associated with the patient’s
increased risk of death, which to our knowledge has not been reported so far. In our
opinion, this observation may reflect CLL disease activity and severity, and therefore could
additionally increase patients’ risk of death. In the whole cohort, the median OS was not
reached; however, in terms of the analyzed factors, only advanced age and low platelet
count were associated with shorter OS. Although the impact of advanced patient age on
shorter OS was well-described in the previous studies, the impact of low platelet levels
should be regarded with caution due to limitations in the observational nature of our
study [3,4,10,13].

Low hemoglobin and platelet levels, in addition to the presence of 17p deletion, ele-
vated LDH and anti-CD20 antibody treatment, were factors significantly associated with
the need for hospitalization, and therefore they potentially contribute to the increased
mortality, mirroring the severity of COVID-19. Although, the use of anti-CD20 antibodies
was not shown to impact the patient risk of death or OS in the multivariate analysis, our
data indicate that the use of such agents may lead to a more severe COVID-19 clinical
course. Our data partially confirm the observation from the large multicenter study per-
formed in 941 CLL patients, which showed that the use of anti-CD20 antibodies alone or in
combination led to the shorter OS when compared to untreated patients [10]. However, we
did not observe any impact of the previous administration of CLL-directed treatment or
the impact of venetoclax or BTK inhibitors on the patient risk of hospitalization.

Interestingly we found that low platelet counts were associated with poor outcome in
the whole and hospitalized patient cohort. Platelets have been discussed to modify course
of the disease in various cancers, including CLL [20,21]. It was shown that thrombocytope-
nia was associated with poor outcome of COVID-19 patients in intensive care units [22].
These results are also corroborated by two independently performed meta-analyses which
point to poor outcomes in patients with low platelet counts [23,24]. We also showed that
thrombocytopenia was associated with increased risk of hospitalization in CLL COVID-19
patients; however, a recently published report does not corroborate our finding as platelet
count did not affect the SARS-CoV-2 infection outcome in hospitalized patients [25].

In this study, we could not address the issue of COVID-19-directed treatment due
to the retrospective nature of the study and data heterogeneity. The roles of remdesivir
and CCP administration have shown beneficial effects in some studies, however their
efficacy in CLL patients is questionable [1,12,17,26,27]. In the hospitalized cohort, we
did not observe any impact of CLL treatment status history or impact of potential agents
(anti-CD20 antibodies, BTKi and venetoclax), although some studies suggest the protective
role of BTK inhibitors or increased severity during venetoclax therapy [11,13,28,29]. It
must be stressed that the data presented in this analysis have several limitations, and
assessment of the effectivity of particular agents, COVID-19- or CLL-directed, was not the
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primary aim of our observational study. Furthermore, the treatment of COVID-19 was
administered in accordance with local guidelines, not within clinical trials. In addition, due
to the time-dependent availability, particular agents (e.g., remdesivir or CCP) could not
have been administered in a timely manner dependent on the disease severity.

Besides the abovementioned limitations due to testing policy in Poland, in the second
and third waves of COVID-19 we potentially could have missed some asymptomatic
patients. Another limitation of this study is the lack of detailed assessment of patient
comorbidities. In our analysis, we assessed patient performance on the ECOG scale,
however, proper assessment of patient disease burden based on the type of comorbidity
or its precise definition severity using the Cumulative Illness Rating Scale (CIRS) was not
possible. We acknowledge that these data would be of utmost importance in assessing
factors associated with COVID-19 outcome.

5. Conclusions

In view of the presented results, SARS-CoV-2 infection in patients with CLL is associ-
ated with poor outcome regardless of administered CLL-directed treatment. Due to the
retrospective nature of the study and collection of data outside clinical trial regulations we
could not assess COVID-19-directed treatments. This issue should be addressed within
clinical trials to assess the potential clinical benefit of COVID-19-directed therapies in
immunocompromised CLL patients.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/cancers14030558/s1, Table S1: Association of analyzed factors with risk of death; Table
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lymphocytic leukemia patients diagnosed in the years 2010–2014 at the Institute of Hematology and
Transfusion Medicine; Table S4: Association of analyzed factors with risk of hospitalization; Figure S1:
Kaplan–Meier overall survival curves of the whole analyzed cohort in relation to clinicopathological
parameters; Figure S2: Kaplan–Meier overall survival curves of hospitalized patients in relation to
clinicopathological parameters.
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