
Citation: Aurer, I.; Jakšić, O.;
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Abstract: Patients with lymphoid malignancies are at increased risk of death or prolonged infection
due to COVID-19. Data on the influence of different antineoplastic treatment modalities on outcomes
are conflicting. Anti-CD20 monoclonal antibodies increase the risk of prolonged infection. It is unclear
whether this risk is affected by the choice of the antibody (rituximab vs. obinutuzumab). To elucidate
the role of antineoplastic therapy on COVID-19 outcomes, KroHem collected data on patients with
lymphoid malignancies diagnosed with COVID-19 between October 2020 and April 2021. A total of
314 patients were identified, 75 untreated, 61 off treatment and 178 on treatment. The mortality rate
in untreated and off-treatment patients was 15% and 16%; 9% and 10% had prolonged infection. In
the on-treatment group, 3% were still prolonged positive at time of data collection, 62% recovered
and 35% died; 42% had prolonged infection. Disease type, use of anti-CD20 monoclonal antibodies,
prior autologous stem-cell transplantation (ASCT) and line of treatment did not significantly affect
mortality. Mortality was higher in older patients (p = 0.0078) and those treated with purine analogues
(p = 0.012). Prolonged COVID-19 was significantly more frequent in patients treated with anti-CD20
monoclonal antibodies (p = 0.012), especially obinutuzumab, and purine analogues (p = 0.012). Age,
prior ASCT and treatment line did not significantly affect risk of prolonged infection. These data
suggest that increased age and use of purine analogues are main risk factors for increased mortality
of COVID-19 in patients with lymphoid malignancies. Obinutuzumab further increases the risk of
prolonged disease, but not of death, in comparison to rituximab. Epidemiological considerations
should be taken into account when choosing the appropriate antineoplastic therapy for patients with
lymphoid malignancies.
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1. Introduction

Lymphoid malignancies are a number of different entities with very variable clinical
presentation, biology, response to therapy and prognosis, comprising one of the ten most
frequent cancer types everywhere in the world [1]. While classifications of lymphoid neo-
plasms regularly change, basically they can be divided into B-cell malignancies, T/NK-cell
malignancies and Hodgkin lymphomas. B-cell malignancies and T/NK cell malignancies
can further present as either indolent or aggressive neoplastic diseases. These factors
influence prognosis and therapeutic options. Indolent neoplasms do not need treatment
until they show signs of progression or cause symptoms. Front-line therapy of lymphomas
usually consists of standard-dose chemotherapy, combined with anti-CD20 monoclonal
antibodies in the case of B-cell malignancies. Salvage therapy of aggressive lymphomas usu-
ally comprises the use of high-dose chemotherapy, with or without anti-CD20 monoclonal
antibodies, and autologous stem-cell transplantation in responding patients.

In the early phases of the COVID-19 pandemic, the clinical course of the infection was
severe and the mortality was high. A number of risk factors were identified resulting in
more severe disease and dire outcomes, mainly related to age and metabolic disturbances [2].
Patients with lymphoid malignancies were a group with one of the highest mortality rates
and frequency of prolonged infection [3–5]. This is considered to be a consequence of
both underlying disease biology and treatment. B-cell depletion caused by unconjugated
anti-CD20 monoclonal antibodies was soon identified as an important risk factor for
the prolongation of the infection [6,7], but data on their effect on infection lethality are
conflicting. Some studies suggested that anti-CD20 monoclonal antibodies also increase
mortality [6,8], while some did not [9–13]. With two exceptions [9,14], all studies suggested
that patients on treatment have inferior outcomes than those who did not start or finished
therapy more than three to six months ago. However, few of the published studies examined
in detail the effect of specific antineoplastic therapies, such as different cytotoxic agents
and/or targeted drugs.

Purine analogues: fludarabine, bendamustine and cladribine were widely used at the
onset of the pandemic in the treatment of chronic lymphocytic leukemia, indolent B-cell
non-Hodgkin lymphomas and mantle-cell lymphoma [15,16]. In these disease types, they
are more effective than alternative chemotherapeutic options but result in prolonged T- and
B-cell lymphodepletion and increase the risk of late infections after end of treatment [17,18].

Two types of unconjugated anti-CD20 monoclonal antibodies are currently used for
treatment of B-cell malignancies: rituximab and obinutuzumab. The latter has increased
antibody-dependent cellular cytotoxicity (ADCC) and reduced complement-dependent
cytotoxicity (CDC) in comparison with the former and results in faster, deeper and longer
B-cell depletion albeit coupled with more hematological toxicity [19]. Obinutuzumab
has been shown to be more effective than rituximab in follicular lymphoma and chronic
lymphocytic leukemia, but not in non-follicular indolent non-Hodgkin lymphomas and
aggressive B-cell lymphomas [20–22]. The published data comparing outcomes of patients
treated with different anti-CD20 monoclonal antibodies who developed COVID-19 is very
limited. A single study suggested that patients treated with obinutuzumab have worse
outcomes than those treated with rituximab [23].

In order to more precisely describe outcomes of COVID-19 infection in patients with
lymphoid malignancies and elucidate prognostic factors, especially the effects of different
disease types, types of antineoplastic agents and anti-CD20 monoclonal antibodies on
mortality and duration of COVID-19 in patients with mature lymphoid malignancies,
KroHem, the Croatian Cooperative Group for Hematologic Diseases collected and analyzed
data on outcomes of these patients who became infected in the pre-omicron era.
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2. Materials and Methods

This was a retrospective, non-interventional study. Patients were included in the
analysis if they were diagnosed with a mature lymphoid neoplasm prior to or at the time of
COVID-19 diagnosis. The disease had to be diagnosed by standard criteria. Infection had to
start at or before 30 April 2021 and had to be confirmed by a positive reverse transcriptase—
polymerase chain reaction test. Duration of the disease was calculated from the date of
symptom start until a negative polymerase chain reaction test or at least 2 weeks without
symptoms. Data lock was in June 2021.

For the purpose of this analysis, lymphoid malignancies were grouped into: (1) in-
dolent non-Hodgkin lymphomas, including follicular lymphoma, marginal zone lym-
phoma, lymphoplasmocytoid lymphoma and hairy-cell leukemia; (2) chronic lymphocytic
leukemia; (3) mantle-cell lymphoma; (4) aggressive B-cell non-Hodgkin lymphomas, includ-
ing B-large cell lymphomas, Burkitt lymphoma, and high-grade lymphomas; (5) Hodgkin
lymphomas; (6) aggressive T-cell lymphomas, including peripheral T-cell lymphomas,
anaplastic large T/NK-cell lymphomas and T-prolymphocytic leukemia; and (7) indolent
T/NK-cell leukemias of the large granular lymphocyte type. Patients were considered
untreated if they have not received any antineoplastic therapy for their lymphoid malig-
nancy prior to infection start, on treatment if the period between last administration of
therapy and infection was 3 months or less, and off treatment if that period was longer
than 3 months. Antineoplastic regimens were grouped into (1) allogeneic stem cell trans-
plantation and CAR-T cell (chimeric antigen T-cell) therapies; (2) purine analogues, in-
cluding fludarabine, bendamustine and cladribine, alone or in combination with other
antineoplastic agents; (3) high-dose chemotherapy (without purine analogues), including
regimes such as DHAP (dexamethasone, cytarabine, cisplatin) or ICE (ifosfamide, carbo-
platin, etoposide); (4) standard-dose chemotherapy (without purine analogues), including
CHOEP (cyclophosphamide, doxorubicine, vincristine, etoposide, steroid), DA-EPOCH
(dose-adjusted cyclophosphamide, doxorubicine, vincristine, etoposide, steroid), CHOP (cy-
clophosphamide, doxorubicine, vincristine, steroid), CVP (cyclophosphamide, vincristine,
steroid), chlorambucil, and similar; (5) the Bruton tyrosine kinase inhibitor ibrutinib; and
(6) venetoclax. Patients were also divided according to whether they received anti-CD20
monoclonal antibodies or not. Those receiving more than one line of therapy prior to
infection were grouped according to their last treatment line.

Analyzed outcomes included mortality rate and the frequency of prolonged infection.
Death during infection was considered due to COVID-19. Patients were considered to have
prolonged infection if they were continuously or repetitively positive by polymerase chain
reaction test for more than 6 weeks or failed to clear symptoms for longer than 4 weeks.
The percentage of patients with prolonged disease was calculated based on number of
patients with available data alive 6 weeks after beginning of infection. A diagram of the
study design is shown in Figure 1.

Statistical analysis was performed using freely available programs. Categorical vari-
ables were compared using the Fisher’s exact or χ2 test, numerical variables using the
Mann–Whitney U test (https://www.socscistatistics.com/tests (accessed at 30 July 2021)) and
MANOVA (multivariate analysis of variance) for multivariate analysis (SPSS Statistics, v.15).

This study was conducted according to the guidelines of the Declaration of Helsinki.
No personal data were ever divulged. Since this was a retrospective study of anonymized
patient data, informed consent was not required.

https://www.socscistatistics.com/tests
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Figure 1. Study diagram. iNHL = indolent B-cell non-Hodgkin lymphomas; FL = follicular 
lymphoma; MZL = marginal zone lymphoma; LPL = lymphoplasmocytoid lymphoma; HCL = hairy-
cell leukemia; CLL = chronic lymphocytic leukemija; MCL = mantle-cell lymphoma; aNHL = 
aggressive B-cell lymphomas, B-LCL = B-large cell lymphomas; BL = Burkitt lymphoma; HG-B-NHL 
= high-grade B-cell non-Hodgkin lymphomas; HL = Hodgkin lymphomas; T-NHL = aggressive T-
cell lymphoma; PTCL = peripheral T-cell lymphomas; ALCL = T/NK anaplastic large cell lymphoma; 
T-PLL = T-cell prolymphocytic leukemia; T-LGL = T/NK cell large granular lymphocyte leukemia; 
CAR-T = chimeric antigen T-cell; alloSCT = allogeneic stem cell transplantation; PA = purine 
analogues; HD-CT = high-dose chemotherapy; SD-CT = standard-dose chemotherapy; MoAb = anti-
CD20 monoclonal antibody; ASCT = autologous stem cell transplantation. 
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Three hundred and fourteen patients fulfilled entry criteria (Table 1). They were 

between 20 and 88 years old (median 66), 180 were male and 134 female. A total of 75 were 
untreated, 61 were off treatment and 178 on treatment. 

In the untreated group, 11 (15%) died; 10% had prolonged infection, none of whom 
died. In the off-treatment group, 10 (16%) died; 9% had prolonged infection, none of 
whom died. 

In the on-treatment group, 6 (3%) were still prolonged positive at time of data lock, 
110 (62%) recovered and 62 (35%) died; 42% had prolonged infection, of whom 47% 
recovered, 42% died and 11% were still positive at data lock. 

The single allografted and both patients treated with CAR-T cells for B-large cell 
lymphoma died after prolonged infection. We analyzed prognostic factors for lethal and 
prolonged infection in the remaining 175 conventionally treated patients. Thirty-five of 
them received antineoplastic therapy without anti-CD20 monoclonal antibodies, 116 were 
treated with rituximab and 24 with obinutuzumab. 

Table 1. Number of patients according to disease type. 

Disease Type iNHL CLL aNHL MCL LGL T-NHL HL Total 
Untreated (no.) 17 44 10 1 1 0 2 75 

Off treatment (no.) 13 19 15 0 0 2 12 61 
On treatment (no.) 57 39 41 22 2 10 7 178 

iNHL = indolent B-cell lymphoma; CLL = chronic lymphocytic leukemia; aNHL = aggressive B-cell 
lymphoma; LGL = indolent T/NK cell leukemia; T-NHL = aggressive T-cell leukemia/lymphoma; 
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Figure 1. Study diagram. iNHL = indolent B-cell non-Hodgkin lymphomas; FL = follicular lym-
phoma; MZL = marginal zone lymphoma; LPL = lymphoplasmocytoid lymphoma; HCL = hairy-cell
leukemia; CLL = chronic lymphocytic leukemija; MCL = mantle-cell lymphoma; aNHL = aggressive B-
cell lymphomas, B-LCL = B-large cell lymphomas; BL = Burkitt lymphoma; HG-B-NHL = high-grade
B-cell non-Hodgkin lymphomas; HL = Hodgkin lymphomas; T-NHL = aggressive T-cell lym-
phoma; PTCL = peripheral T-cell lymphomas; ALCL = T/NK anaplastic large cell lymphoma;
T-PLL = T-cell prolymphocytic leukemia; T-LGL = T/NK cell large granular lymphocyte leukemia;
CAR-T = chimeric antigen T-cell; alloSCT = allogeneic stem cell transplantation; PA = purine ana-
logues; HD-CT = high-dose chemotherapy; SD-CT = standard-dose chemotherapy; MoAb = anti-
CD20 monoclonal antibody; ASCT = autologous stem cell transplantation.

3. Results

Three hundred and fourteen patients fulfilled entry criteria (Table 1). They were
between 20 and 88 years old (median 66), 180 were male and 134 female. A total of 75 were
untreated, 61 were off treatment and 178 on treatment.

Table 1. Number of patients according to disease type.

Disease Type iNHL CLL aNHL MCL LGL T-NHL HL Total

Untreated (no.) 17 44 10 1 1 0 2 75
Off treatment (no.) 13 19 15 0 0 2 12 61
On treatment (no.) 57 39 41 22 2 10 7 178

iNHL = indolent B-cell lymphoma; CLL = chronic lymphocytic leukemia; aNHL = aggressive B-cell lymphoma;
LGL = indolent T/NK cell leukemia; T-NHL = aggressive T-cell leukemia/lymphoma; HL = Hodgkin lymphomas.

In the untreated group, 11 (15%) died; 10% had prolonged infection, none of whom
died. In the off-treatment group, 10 (16%) died; 9% had prolonged infection, none of
whom died.

In the on-treatment group, 6 (3%) were still prolonged positive at time of data lock,
110 (62%) recovered and 62 (35%) died; 42% had prolonged infection, of whom 47%
recovered, 42% died and 11% were still positive at data lock.

The single allografted and both patients treated with CAR-T cells for B-large cell
lymphoma died after prolonged infection. We analyzed prognostic factors for lethal and
prolonged infection in the remaining 175 conventionally treated patients. Thirty-five of
them received antineoplastic therapy without anti-CD20 monoclonal antibodies, 116 were
treated with rituximab and 24 with obinutuzumab.

The differences in outcomes related to disease type failed to reach statistical sig-
nificance (Table 2). None of the two patients with T/NK-cell large granular lymphocyte
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leukemia died or had prolonged infection. One of seven patients with Hodgkin lymphomas
died, none had prolonged infection. These two groups seemed to have best outcomes.
Conversely, patients with mantle-cell lymphoma seemed to have worst outcomes with a
mortality rate of 55% and prolonged infection rate of 77%. The rate of prolonged COVID-19,
but not mortality, seemed lower in patients with aggressive T-cell lymphomas than in other
disease subtypes.

Table 2. Outcome of patients on treatment according to disease type.

Disease Type iNHL CLL aNHL MCL LGL T-NHL HL Total p Value

No. 57 39 41 22 2 10 7 178

Mortality 26% 36% 41% * 55% 0 30% 14% 35% * 0.217

Prolonged infection 44% 39% 36% * 77% 0 13% 0 42% * 0.051

iNHL = indolent B-cell lymphoma; CLL = chronic lymphocytic leukemia; aNHL = aggressive B-cell lymphoma;
LGL = indolent T/NK cell leukemia; T-NHL = aggressive T-cell leukemia/lymphoma; HL = Hodgkin lymphomas.
* including one allografted and two patients treated with CAR-T cells.

Age was significantly related to infection lethality (Table 3). Mortality in the oldest
tercile (patients older than 70 years of age) was more than double in comparison to the
youngest tercile (patients younger than 60 years of age) (43% vs. 19%). In contrast, age had
no influence on the risk of prolonged infection.

Table 3. Outcome of patients on treatment according to age.

Age (Years) <60 60–69 >70 p Value

No. 57 59 58

Mortality 19% 39% 43% 0.008

Prolonged infection 40% 46% 38% 0.562

Regarding treatment type, seven patients with indolent B-cell non-Hodgkin lym-
phomas and T/NK-cell large granular lymphocyte leukemia were treated with rituximab
monotherapy, vemurafenib or cyclosporine without chemotherapy, ibrutinib or veneto-
clax. None of them died and none had prolonged infection. Patients treated with purine
analogues had significantly higher mortality rates in comparison to those treated with
standard-dose chemotherapy or ibrutinib (47% vs. 27% vs. 25%, p = 0.012). Infection
lethality in those treated with high-dose chemotherapy (38%) and venetoclax (40%) was
intermediate (Figure 2). Mortality of patients treated with and without anti-CD20 mon-
oclonal antibodies was similar (Figure 3). Lethal COVID-19 occurred in 29% of patients
treated without anti-CD20 monoclonal antibodies, 36% of those treated with rituximab
and 29% treated with obinutuzumab (p = 0.55). Prolonged infection was more frequent in
patients treated with purine analogues (69% vs. 28%, p = 0.004) (Figure 4) or anti-CD20
monoclonal antibodies (21%, in patients treated without anti-CD20 monoclonal antibodies,
42% in those treated with rituximab 42%, and 67% in those treated with obinutuzumab;
p = 0.012) (Figure 5). Duration of infection was significantly longer in patients treated with
obinutuzumab than in those treated with rituximab (Figure 6). The effects of treatment
type were independent of age.

Number of cycles or duration of treatment were not significantly related to mortality
or risk of prolonged infection. Patients on maintenance therapy with anti-CD20 monoclonal
antibodies after immunochemotherapy induction had outcomes similar to those of patients
who developed COVID-19 during induction. Gender, number of treatment lines, previous
autologous stem cell transplantation and use of antiviral therapy did not significantly affect
neither mortality nor the rate of prolonged infection.
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4. Discussion

Patients included in our series were treated during the early phases of the COVID-19
pandemic characterized by viral strains causing severe disease in immunocompetent and
even more so in severely immunocompromised hosts. At that time, adequately controlled
studies of antiviral therapy did not exist, recommendations on their use were frequently
contradictory, and the only available antiviral agent, introduced only during the duration
of our study, was remdesivir [24]. In many centers, this drug was administered only
in patients who developed severe COVID-19 or not used at all. The same was true for
convalescent fresh-frozen plasma. This probably explains why there was no consistent
effect of antiviral therapy on outcomes. Vaccination against COVID-19 started in Croatia
in December 2020, and most patients received the second dose in the beginning of 2021.
Since the majority of patients on treatment for lymphoid neoplasms fail to raise adequate
humoral responses [25–29], it seems reasonable to conclude that almost all of the analyzed
patients were unprotected against the infection. All of this explains the high mortality rate,
different from the current situation, but similar to that of other contemporary series [3,4].

The results presented in this paper are in accordance with the generally accepted
attitude that patients with lymphoid neoplasms are more sensitive to COVID-19 than the
general population, even before they start antineoplastic therapy. The mortality rate in
previously untreated patients was 15%, which is significantly higher than the 2.2% in the
general Croatian population at that time [30,31]. The same is true for the tendency to
develop prolonged infection (10% vs. <0.1%). This sensitivity is significantly increased
by antineoplastic therapy, resulting in an increase in mortality to 35% and frequency of
prolonged infection to 42%.

In accordance with other series, the mortality was highest in the very small group
of patients becoming infected within 3 months from receiving an allogeneic stem cell
transplant or CAR-T cell therapy, during the period in which their immune system has still
not began to recover from procedure-related damage [32–34].

However, the results of this analysis suggest that different conventional antineoplastic
therapy options confer substantial differences in sensitivity to COVID-19. Patients treated
with purine analogues had the highest mortality rate followed by high-dose chemotherapy,
standard-dose chemotherapy and ibrutinib. The number of patients receiving venetoclax
was too small to draw meaningful conclusions. Purine analogues were also the only
type of chemotherapy that increased the risk of prolonged COVID-19. The addition of
anti-CD20 monoclonal antibodies to chemotherapy did not increase mortality over that
of chemotherapy alone, but prolonged the duration of chemotherapy-induced sensitivity
to COVID-19 (as witnessed by the fact that patients who developed COVID-19 during
maintenance did not have better outcomes than those who developed the infection during
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induction) and significantly increased the risk of prolonged infection. Since, of all the
chemotherapy options, purine analogues have the strongest and longest lymphodepleting
effect on both B and T cells, these data support the hypothesis that the outcome of infection
is primarily dependent on host T-cell function and the duration of infection on B-cell
function [7,35].

The results of this study are not completely consistent with those of other published
studies, but very few of them examined in detail effects of different types of chemotherapy.
Those that did, did find signs of detrimental effects of, e.g., immunochemotherapy in
patients with chronic lymphocytic leukemia (which at that time was mostly based on
purine analogues) [12] and use of bendamustine in patients with lymphoma [9]. The single
study reporting differences in outcome between rituximab and obinutuzumab was smaller
than ours, conducted in a different time-point, i.e., in a period when the omicron strain
became most prevalent, and did not try to separate the effects of anti-CD20 monoclonal
antibodies from those of chemotherapy [23].

In our analysis, patients were considered to be on treatment if the interval between
the last application of antineoplastic therapy and start of infection was three months or less.
This period is somewhat arbitrary and has been chosen to replicate other similar studies.
The data collected and available for analysis were insufficient to ascertain whether the
increased sensitivity to COVID-19 lasts 3, 6 or 12 months after the end of antineoplastic
therapy. However, it seems that within this timeframe, the sensitivity to COVID-19 dimin-
ishes to a level similar to that of untreated patients, both in terms of mortality and risk of
prolonged infection.

As in all other published studies, age was the most important unmodifiable risk factor
for mortality. Mantle-cell lymphoma is a lymphoma type preferentially affecting elderly
men and is treated with anti-CD20 monoclonal antibodies and purine analogue-containing
chemotherapy, which probably explains the fact that this disease type had worst outcomes
of all, both related to mortality and frequency of prolonged infection [36].

The differences in outcomes between different disease subtypes failed to reach statis-
tical significance and can be explained by differences in antineoplastic therapy and age.
Mortality was less in patients treated without chemotherapy (e.g., T/NK-cell large granular
lymphocyte leukemia patients), with less intensive chemotherapy regimens (e.g., patients
with indolent B-cell non-Hodgkin lymphomas) or younger (e.g., Hodgkin lymphoma
patients). Rates of prolonged infection were lowest in patients treated without purine
analogues and anti-CD20 monoclonal antibodies (e.g., those with T/NK-cell large granular
lymphocyte leukemias, Hodgkin lymphomas or aggressive T-cell lymphomas).

Despite the change in severity of the infection occurring in the later phase of the pandemic,
our data can be interesting also for the present situation. Prolonged COVID-19, which is still
a problem, interferes with regular antineoplastic treatment of patients, reducing its efficacy
and expected cure and survival rates. Also, the elucidation of prognostic factors might shed
additional light into the biology of the infection and host defense mechanisms.

This study has many limitations, mainly related to its design. All participating centers
tried to collect data on all consecutive patients, but the possibility remains that some died
at home or at other hospitals and were not included in this data set. Other risk factors,
such as obesity, diabetes and smoking, could not be analyzed in detail, but they seem to be
of lesser importance in patients treated for hematological malignancies. Also, due to the
non-randomized retrospective, real-life nature of the data, and relatively small numbers
of patients in each category it is impossible to draw firm conclusions on causality. Still,
the presented data are interesting and possibly important for making informed clinical
decisions on therapy choices but also add to the totality of evidence on biological defense
mechanisms against COVID-19.

5. Conclusions

Use of purine analogues, such as bendamustine and fludarabine, should probably be
avoided in patients with indolent B-cell non-Hodgkin lymphomas and chronic lymphocytic
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leukemia, diseases for whom other effective treatments are available, during the COVID-19
pandemic. Anti-CD20 monoclonal antibodies seem to have a smaller effect on mortality
than chemotherapy, with obinutuzumab increasing the risk of prolonged disease, but not
of death, more than rituximab.
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and mortality trends in Croatia and school closure. Public Health 2021, 198, 164–170. [CrossRef]

31. Sobczak, M.; Pawliczak, R. COVID-19 mortality rate determinants in selected Eastern European countries. BMC Public Health
2022, 22, 2088. [CrossRef] [PubMed]

32. Spanjaart, A.M.; Ljungman, P.; de La Camara, R.; Tridello, G.; Ortiz-Maldonado, V.; Urbano-Ispizua, A.; Barba, P.; Kwon, M.;
Caballero, D.; Sesques, P.; et al. Poor outcome of patients with COVID-19 after CAR T-cell therapy for B-cell malignancies: Results
of a multicenter study on behalf of the European Society for Blood and Marrow Transplantation (EBMT) Infectious Diseases
Working Party and the European Hematology Association (EHA) Lymphoma Group. Leukemia 2021, 35, 3585–3588. [PubMed]

33. Sharma, A.; Bhatt, N.S.; St Martin, A.; Abid, M.B.; Bloomquist, J.; Chemaly, R.F.; Dandoy, C.; Gauthier, J.; Gowda, L.; Perales, M.A.;
et al. Clinical characteristics and outcomes of COVID-19 in haematopoietic stem-cell transplantation recipients: An observational
cohort study. Lancet Haematol. 2021, 8, e185–e193. [CrossRef] [PubMed]

34. Mushtaq, M.U.; Shahzad, M.; Chaudhary, S.G.; Luder, M.; Ahmed, N.; Abdelhakim, H.; Bansal, R.; Balusu, R.; DeJarnette, S.;
Divine, C.; et al. Impact of SARS-CoV-2 in hematopoietic stem cell transplantation and chimeric antigen receptor T cell therapy
recipients. Transplant. Cell Ther. 2021, 27, 796.e1–796.e7. [CrossRef]

35. Bange, E.M.; Han, N.A.; Wileyto, P.; Kim, J.Y.; Gouma, S.; Robinson, J.; Greenplate, A.R.; Hwee, M.A.; Porterfield, F.; Owoyemi, O.;
et al. CD8+ T cells contribute to survival in patients with COVID-19 and hematologic cancer. Nat. Med. 2021, 27, 1280–1289.
[CrossRef]

36. Tilch, M.K.; Visco, C.; Kinda, S.; Hermine, O.; Kohn, M.; Besson, C.; Lamure, S.; Duléry, R.; Ragaini, S.; Eyre, T.A.; et al. Outcome of
COVID-19 in patients with mantle cell lymphoma-report from the European MCL registry. HemaSphere 2022, 6, e0711. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.ccell.2021.07.012
https://doi.org/10.3390/biomedicines10112892
https://doi.org/10.1016/j.puhe.2021.07.030
https://doi.org/10.1186/s12889-022-14567-x
https://www.ncbi.nlm.nih.gov/pubmed/36384501
https://www.ncbi.nlm.nih.gov/pubmed/34750508
https://doi.org/10.1016/S2352-3026(20)30429-4
https://www.ncbi.nlm.nih.gov/pubmed/33482113
https://doi.org/10.1016/j.jtct.2021.07.005
https://doi.org/10.1038/s41591-021-01386-7
https://doi.org/10.1097/HS9.0000000000000711

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

