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Abstract

Patients with hematologic malignancies can be immunocompromized because of

their disease, anti‐cancer therapy, and concomitant immunosuppressive treatment.

Furthermore, these patients are usually older than 60 years and have comorbidities.

For all these reasons they are highly vulnerable to infection with severe acute

respiratory syndrome coronavirus‐2 (SARS‐CoV‐2) and have an increased risk of

developing severe/critical Coronavirus disease 2019 (COVID‐19) compared to the

general population. Although COVID‐19 vaccination has proven effective in

reducing the incidence of severe/critical disease, vaccinated patients with lymphoma

may not be protected as they often fail to develop a sufficient antiviral immune

response. There is therefore an urgent need to address the management of patients

with lymphoma and COVID‐19 in the setting of the ongoing pandemic. Passive

immunization with monoclonal antibodies against SARS‐CoV‐2 is a currently avail-

able complementary drug strategy to active vaccination for lymphoma patients,

while monoclonal antibodies and antiviral drugs (remdesivir, ritonavir‐boosted nir-

matrelvir, and molnupiravir) have proven effective in preventing the progression to

severe/critical COVID‐19. In this narrative review we present the most recent data

documenting the characteristics and outcomes of patients with concomitant lym-

phoma and COVID‐19. Our ultimate goal is to provide practice‐oriented guidance in
the management of these vulnerable patients from diagnosis to treatment and

follow‐up of lymphoma. To this purpose, we will first provide an overview of the

main data concerning prognostic factors and fatality rate of lymphoma patients who

develop COVID‐19; the outcomes of COVID‐19 vaccination will also be addressed.

We will then discuss current COVID‐19 prophylaxis and treatment options for

lymphoma patients. Finally, based on the literature and our multidisciplinary expe-

rience, we will summarize a set of indications on how to manage patients with

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, pro-

vided the original work is properly cited.

© 2022 The Authors. Hematological Oncology published by John Wiley & Sons Ltd.

Hematological Oncology. 2022;1–13. wileyonlinelibrary.com/journal/hon - 1

https://doi.org/10.1002/hon.3086
https://orcid.org/0000-0001-8068-5289
mailto:francesco.passamonti@uninsubria.it
https://orcid.org/0000-0001-8068-5289
http://wileyonlinelibrary.com/journal/hon


lymphoma according to COVID‐19 exposure, level of disease severity and former

history of infection, as typically encountered in clinical practice.
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1 | INTRODUCTION

Coronavirus disease 2019 (COVID‐19) is classified by the World

Health Organization (WHO) into four severity degrees: mild, mod-

erate, severe, and critical.1 Patients infected with the causative virus,

severe acute respiratory syndrome coronavirus‐2 (SARS‐CoV‐2), that
develop critical disease are characterized by respiratory failure, acute

respiratory distress syndrome, septic shock, or multiorgan dysfunc-

tion or failure.1 A number of risk factors associated with increased

COVID‐19‐related morbidity and mortality have been identified,

including age >60 years, male gender, and underlying comorbidities,

namely diabetes, hypertension, cardiac disease, chronic lung disease,

cerebrovascular disease, chronic kidney disease, immunosuppression,

obesity, and cancer.1,2

Since the outbreak of the COVID‐19 pandemic, epidemiological

studies worldwide have shown that cancer patients are highly

vulnerable to SARS‐CoV‐2 infection and may be at risk for severe

COVID‐19.3–10 Patients with hematologic malignancies appear to

have worse COVID‐19‐related outcomes than those with solid ma-

lignancies, but this point has not been conclusively established.8,11,12

Cancer patients are a vulnerable group for several reasons. They can

be immunocompromized because of their disease, anti‐cancer ther-
apy, and concomitant immunosuppressive treatment. Furthermore, a

large proportion of them are aged >60 years and have comorbid-

ities.5 With regard to the role of immunosuppression, it should be

noted that an attenuated immune system may in fact protect patients

against multi‐organ injury caused by the excessive inflammatory

response that characterizes severe/critical COVID‐19.13,14

Lymphomas are a heterogeneous group of malignant neoplasms

of lymphocytes that can affect the lymphatic tissue, bone marrow,

and any other body organ.15,16 Traditionally, they are divided into

Hodgkin lymphomas (HL) and non‐Hodgkin lymphomas (NHL), with

the latter accounting for approximately 90% of all lymphomas.15 NHL

are often treated with chemotherapy with or without the addition of

monoclonal antibodies against CD20‐positive B lymphocytes, in-

ducers of T lymphocyte depletion, or immunomodulators. As seen for

other diseases, the COVID‐19 pandemic has introduced significant

changes in oncologic practice, with a substantial burden on patients

and health care providers and the potential worsening of patient

outcomes.8 In addition, although COVID‐19 vaccination has proven

effective in reducing the incidence of severe COVID‐19 in the gen-

eral population,17–20 vaccinated patients with lymphoma may not be

protected as they often fail to develop a sufficient antiviral immune

response.21–23 Also, as we have learned from the omicron variant,

new SARS‐CoV‐2 strains may be only partially neutralized by existing

vaccines.21 Lymphoma patients are therefore at high risk of break-

through SARS‐CoV‐2 infection and indications on how to manage this

vulnerable group are urgently needed.24 Alternative prophylactic

strategies, including passive immunization with monoclonal anti-

bodies to the spike protein of SARS‐CoV‐2,25–30 and treatment of

mild or moderate COVID‐19 with antiviral agents31–33 need to be

explored in lymphoma patients. In addition, programs of booster

vaccinations need to be implemented as the emerging data on

additional vaccine doses in patients with no seroconversion after the

first vaccination cycle are promising.34

In this narrative review we present the most recent data doc-

umenting the characteristics and outcomes of patients with

concomitant lymphoma and COVID‐19; our objective is to provide

evidence‐based guidance in the management of these vulnerable

patients from diagnosis to treatment and follow‐up. To this purpose,
we will first report the main data concerning prognostic factors and

mortality rates of lymphoma patients who develop COVID‐19; the
outcomes of COVID‐19 vaccination will also be addressed. We will

then discuss current treatment options for SARS‐CoV‐2‐infected
subjects at high risk of progressing to severe/critical disease.

Finally, based on the literature and our multidisciplinary experience,

we will provide practical guidance on how to manage patients with

lymphoma in the setting of ongoing COVID‐19 pandemic.

2 | METHODS

We searched PubMed with the terms “lymphoma AND (COVID‐19
OR SARS‐CoV‐2)” for any type of article published in English up to 27
May 2022. Retrieved articles were screened based on their title and

abstracts. Articles of potential interest were further selected by

giving the preference to well‐designed studies, large patient pop-

ulations, and systematic reviews or meta‐analyses of the literature.

Additional literature was retrieved from the reference list of articles

identified in the PubMed search.

3 | OUTCOMES OF LYMPHOMA PATIENTS WITH
COVID‐19

3.1 | Characteristics of patients who develop severe
or critical disease

The literature reporting specifically on patients with lymphoma

who developed COVID‐19 is limited.35–38 The studies attempting
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to define the epidemiology of COVID‐19 in lymphoma, or in he-

matologic malignancies, were mostly performed during the first

months following the COVID‐19 pandemic outbreak and involved

therefore unvaccinated individuals who developed severe/critical

disease; observation times ranged from 1 to a few months. Table 1

summarizes the most relevant information emerging from these

early observations in patients with lymphoma and other hemato-

logic malignancies. Overall, patients were predominantly male,

were aged over 55 years, and presented relevant comorbidities.

The majority had severe/critical COVID‐19. Most patients had

been in treatment for their lymphoma during the 12 months

preceding the diagnosis of COVID‐19. They presented with various

lymphoma statutes and approximately half of them were in

remission.35,37

3.2 | Case fatality ratio and prognostic factors

Reported overall mortality rates of patients with lymphoma and

COVID‐19 were consistently elevated (>30%) compared to those of

the general population with COVID‐19 and lymphoma patients

without COVID‐19 (Table 1).35–37 In the study by Visco et al., most

deaths (91%) were related to COVID‐19.37 The 30‐day mortality

rates for mild, severe, and critical COVID‐19 were, 4%, 22%, and

45%, respectively; the corresponding 100‐day rates were 9%, 38%,

and 75%, respectively.37 The EPICOVIDHEA survey had an extended

observation period that included the first (March–May 2020) and the

second (October‐December 2020) pandemic waves.41 According to

the survey, the overall mortality decreased from 40.7% during the

first wave to 24.8% during the second wave (p < 0.0001).41 Following

characteristics were consistently identified as predictors of poor

outcomes for patients with concomitant lymphoma and COVID‐19:
older age, presence of relevant comorbidities, active malignancy

(Table 1). Lamure et al. noted that, in the absence of the risk factors

older age and refractory lymphoma, the mortality of the study cohort

was similar to that of the general French COVID‐19 population.35

Based on the four parameters identified by multivariable analysis

as the strongest predictors of mortality (age >65 years, male gender,
lymphopenia, and thrombocytopenia), Visco et al. designed a pre-

dictive model for survival, to identify both in‐ and out‐patients at

increased risk of death during the initial 2 months following COVID‐
19 diagnosis.37 The model assigns a total score from 0 to 5 based on

the presence or absence of the four variables, and classifies risk into

three levels, low (total score 0–1), intermediate (2–3), and high (4–5).

As the model uses easily available variables, its implementation in

clinical practice should be straightforward.

With regard to the effects of antineoplastic treatment on patient

outcomes, the various therapies used at the time of COVID‐19
diagnosis, or in the few months prior to diagnosis, did not seem to

have major consequences on disease course and mortality. Passa-

monti et al. investigated COVID‐19 mortality according to antineo-

plastic therapy taken at COVID‐19 onset or in the previous 3 months
and did not find an increased risk of mortality.42 In patients withT
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follicular lymphoma on maintenance with anti‐CD20 therapy

following remission, a lower mortality (31%) was reported compared

to chemotherapy plus anti‐CD20 therapy (47%), or chemotherapy

alone (44%).6 Lamure et al. found no association between anti‐CD20
therapy and increased mortality; an increase in mortality was seen

with bendamustine in the high‐risk group of patients with relapsed/

refractory lymphoma.35 Regalado‐Artamendi investigated whether

the persistence of SARS‐CoV‐2 infection was related to antineo-

plastic therapy, anti‐CD20 therapy in particular; 6 months after the

onset of infection, the proportion of patients treated with anti‐CD20
therapy was similar between the group with a negative SARS‐CoV‐2
test and the group with a persistently positive test.36 In the lym-

phoma population analyzed by Visco and colleagues, 33% had recent

treatment (≤6 months) and 24% had been treated >6 months before
COVID‐19 diagnosis.37 These treatments, including anti‐CD20 ther-

apy and bendamustine, did not appear to worsen mortality rates.

Based on these preliminary findings, a common notion is that dis-

continuing effective antineoplastic treatment may not be justified in

lymphoma patients in the pandemic.6 This notion is reflected in the

current guidelines for the treatment of patients with hematological

malignancies during the COVID‐19 pandemic.24 It should be noted,

however, that the impact of previous antineoplastic therapy on

COVID‐19 outcomes still needs to be fully understood, as evidence

of a negative effect has been reported, for example, in the study by

Dulery et al. examining the reason(s) determining a prolonged stay in

hospital (Table 1).40

3.3 | COVID‐19 course in vaccinated lymphoma
patients

Data documenting the outcomes of patients with lymphoma who have

been vaccinated against SARS‐CoV‐2 are lacking. Evidence from

studies in cancer patients suggests that those who develop COVID‐19
following full vaccination continue to be at risk of substantial co-

morbidity and death.43,44 Risk factors for developing COVID‐19
following vaccination include older age, single vaccine dose without

previous COVID‐19, and anti‐CD20 therapy in the previous

3 months.44 In January 2021, the EPICOVIDEHA registry started to

collect prospectively the data of patients with hematologic malig-

nancies who had been vaccinated against COVID‐19.45 The pre-

liminary data of 113 patients who developed COVID‐19 following

partial or complete vaccination have shown that the majority of these

patients had lymphoproliferative malignancies (>80%), were male

(61.1%) andwere aged>50 years (85.8%).45 Almost 70% of themwere

on anticancer treatment when diagnosed with COVID‐19 or within

the prior 3 months. COVID‐19 was severe/critical in 60.4% of pa-

tients; the overall mortality at 30 days was 12.4%, with COVID‐19
being the primary or secondary cause in 13 of the 14 patients who

died. A recent prospective study of 365 patients with hematologic

malignancies who had completed the first cycle of anti‐SARS‐CoV‐2
vaccination compared the clinical characteristics of COVID‐19
developed before or after vaccination.34 The study found that in

vaccinated individuals the rates of critical disease (10% vs. 33%,

p = 0.0242) and hospitalization (17% vs. 50%, p = 0.0024) were

significantly lower and the median disease duration was significantly

shorter (16 vs. 22 days, p = 0.0094) than in unvaccinated individuals.34

Overall, these preliminary results suggest that vaccination re-

duces the mortality rate compared to the pre‐vaccination period.

However, they also show that patients with hematologic malig-

nancies continue to be vulnerable.

3.4 | Long‐term consequences of COVID‐19

It is increasingly recognized that a proportion of patients who have

survived COVID‐19 experience long‐term sequelae of the disease, of

variable severity and affecting different organs. A recent retrospective

analysis of OnCovid, a European registry enrolling patients with a

history of solid or hematologic cancer whowere diagnosedwith SARS‐
CoV‐2 infection, showed that COVID‐19 long‐term complicationsmay

affect also cancer patients, with a negative impact on recovery from

COVID‐19 and oncologic outcomes.46 The most frequently reported

sequelae included respiratory symptoms, residual fatigue, weight loss,

and neurocognitive symptoms. The rate of sequelae in the subgroup of

patientswith hematologicalmalignancies (13.3%)was similar to that of

the overall cancer population of the study (15.0%). The study also

showed that COVID‐19 long‐term sequelae were associated with

shorter survival and a greater likelihood to discontinue antineoplastic

therapy.

4 | IMMUNIZATION OF LYMPHOMA PATIENTS
AGAINST SARS‐CoV‐2

4.1 | Immunization following SARS‐CoV‐2 infection

Humoral responses to SARS‐CoV‐2 infection have been shown to be
less pronounced and slower in individuals with hematologic condi-

tions compared to the general population.23 In a retrospective study

within the ITA‐HEMA‐COV project evaluating the humoral immune

response to SARS‐CoV‐2 in 237 patients with hematologic malig-

nancies (51.1% with lymphoid neoplasms) who had been exposed to

SARS‐CoV‐2, 31% of patients were serologically negative.42 Che-

moimmunotherapy was significantly associated with lower rates of

seroconversion (OR 3.42, 95% CI 1.04–11.21; p = 0.04). Notably, this

association persisted up to 6 months following therapy discontinua-

tion. Based on these observations and on the experience with other

vaccines,47 it can be expected that many patients with lymphoma will

fail to mount an adequate response to COVID‐19.

4.2 | Vaccination

Growing evidence from studies of COVID‐19 vaccination shows that
patients with hematologic malignancies, and especially those on
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antineoplastic treatment, have indeed an attenuated humoral

response.21,23,48–55 An observational study in 67 patients with lym-

phoma and 35 healthy controls who received COVID‐19 mRNA

vaccines compared the titers of IgG to the SARS‐CoV‐2 spike protein
and found that a substantial proportion of lymphoma patients failed

to respond, while all controls responded.50 Current lymphoma

treatment (especially B‐cell depleting therapies), or treatment within
the previous 2 years, were associated with a poor or no vaccine

response. Notably, treatment‐naïve lymphoma patients, or patients

who had discontinued treatment for >2 years were found to respond
to vaccination, similarly to the control group.50 Similar results were

reported in an interim analysis of the UK PROSECO study designed

to evaluate responses to COVID‐19 vaccination in lymphoid malig-

nancies.51 Vaccinated lymphoma patients on treatment (i.e., receiving

anti‐lymphoma treatment at the time of first vaccine dose adminis-

tration, having completed treatment ≤6 months before, or starting

treatment <1 month after the first vaccine dose) had significantly

lower IgG titers than healthy controls and lymphoma patients not on

treatment. The responses of lymphoma patients not on treatment

were comparable to those of the healthy controls. The authors

pointed out that lymphoma patients vaccinated while on anti‐CD20
therapy should be revaccinated 6 months after treatment comple-

tion.51 A study attempted to define the factors that allowed lym-

phoma patients to achieve a good humoral response after two

injections of the BNT162b2 mRNA vaccine (cutoff for positive

response set at 50 AU/ml).23 Half of the 162 lymphoma patients

enrolled had a positive humoral response. The time from the

discontinuation of anti‐CD20 therapy to vaccination was found to be
a robust predictive factor of the IgG antibody titers, with longer

times being associated with higher antibody titers.

Finally, antibody response (seroconversion rate) of patients with

hematologic malignancies after full COVID‐19 vaccination was

evaluated in a meta‐analysis of 49 studies involving 11,086 in-

dividuals (PROSPERO study).55 The analysis estimated a pooled

response of 64% (95% CI 59–69) for hematologic malignancies,

compared with 96% (95% CI 92–97) for solid cancers, and 98% (95%

CI 96–99) for healthy controls (p < 0.001). Specific malignancies had

different pooled responses (91% (95% CI 82–96) for HL, 58% [95% CI

44–70] for aggressive NHL, and 61% [95% CI 48–72] for indolent

NHL). Disease remission and prior COVID‐19 correlated with higher

seroconversion rates, while active treatment was associated with a

pooled antibody response of 35%.55

While there is accumulating evidence that the humoral immune

response to vaccination is impaired in lymphoma patients on B‐cell
depleting regimens, the effects of antineoplastic treatment on the

cellular immune response have just begun to be addressed. A study in

80 patients with lymphoma who had been treated with anti‐CD20
therapies investigated the humoral and cellular responses after two

doses of COVID‐19 vaccine (mostly mRNA‐based) and reported a

serum conversion rate of 41%.53 Consistent with the findings from

other studies, the time from the last anti‐CD20 treatment to COVID‐
19 vaccination correlated positively with the rate of seroconversion.

T‐cell responses were investigated using two overlapping pools of

peptides covering the entire SARS‐CoV‐2 spike protein. Fifty‐eight
percent of lymphoma patients and 71% of healthy controls showed

a T‐cell response, which was not reduced in patients treated with

anti‐CD20 therapy. Notably, 50% of the patients with no serocon-

version did show a T‐cell response, suggesting that vaccination may

still provide some protection to patients with an insufficient humoral

response.53

In a recent study in 270 patients with hematologic malignancies

who underwent the full cycle of vaccination with the mRNA‐1273
vaccine, the rates of humoral and cellular response were, respec-

tively, 76.3% and 79.0%.56 Anti‐CD20 therapy during the past

6 months was associated with a markedly reduced humoral response,

but did not substantially affect the cellular response. Whether the

observed T‐cell response can prevent a severe/critical course of

COVID‐19 needs to be investigated in larger studies.

4.3 | Booster vaccination

The efficacy of booster COVID‐19 vaccination in lymphoma patients

also needs to be addressed. Evidence from studies in cancer patients

suggests that those who did not achieve seroconversion after com-

plete vaccination may benefit from an additional dose of vac-

cine.34,57,58 A study involving 88 vaccinated cancer patients, showed

that 56% of the 32 patients who were seronegative (mostly patients

with hematologic malignancies) achieved seroconversion after

booster vaccination.57 CAPTURE is a prospective cohort study

investigating vaccine response in patients with cancer after two

doses of either the BNT162b2 or ChAdOx1vaccine, and after a third

vaccination (booster) with BNT162b2.58 Data from this study have

shown that a third dose of vaccine enhances SARS‐CoV‐2 neutral-

izing antibodies also in patients who had undetectable neutralizing

antibodies after vaccination or demonstrated a waning response.58 A

study based on the Leukemia & Lymphoma Society US National Pa-

tient Registry evaluated serologic responses to a booster dose (given

between June‐July 2021) in 49 patients with B‐cell malignancies who
had previously received full COVID‐19 vaccination.59 Before the

booster vaccination, 78% of patients were seronegative. In 32 pa-

tients (65%), booster vaccination resulted in an increase in antibody

level; these patients were either seroconverted (21 patients) or had

increased antibody titers (11 patients). However, 17 patients (35%)

continued to be non‐responder despite the booster dose.
A study in 200 patients with lymphoid malignancies evaluated

humoral responses after two or three doses of COVID‐19 mRNA

vaccine and found significant increases in seroconversion rates and

antibody level after the booster dose.60 However, benefits were

variable across cancer types with <10% of patients with B‐cell ma-
lignancies showing seroconversion after the booster dose. A recent

analysis of the CAPTURE cohort showed that most fully vaccinated

(two doses) cancer patients had no detectable antibodies against the

omicron variant of SARS‐CoV‐2, regardless of vaccine type.61 Inter-
estingly, a third dose of BNT162b2 led to a significant increase in the

number of patients with neutralizing antibodies against the omicron
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variant; however, among the subgroup of patients with hematologic

malignancies, the proportion of those with no detectable neutralizing

antibodies continued to be substantial.58 Taken together, these

preliminary findings indicate that additional doses of COVID‐19
vaccine may be requested in lymphoma patients to improve their

humoral response to vaccination. As a consequence, several health-

care systems worldwide are currently offering booster vaccine doses

to cancer patients.61,62 For example, the Italian Healthcare System

has recommended since February 2022 a booster dose of mRNA

vaccine (fourth dose) for vulnerable immunosuppressed subjects who

have received a full vaccination cycle (two standard vaccine doses

and a third dose at ≥28 days from the second dose), to be given after

≥120 days from the third dose.62 Indeed, data with hematologic

malignancies indicate an immune response after COVID‐19, although
lower than that expected in the healthy population. As vaccination

after infection strengthens protection and reduces further the risk of

re‐infection, immunocompromized patients who recovered from

COVID‐19 should undergo vaccination if additional doses are rec-

ommended. The benefits of vaccination and boosters are deemed to

outweigh the potential and unknown risks for the recipient. We do

not support doses of COVID‐19 vaccine beyond those recommended
by local guidelines. The time of vaccine should not interfere with the

treatment plan for the disease. We recommend for daily clinical

practice to vaccine patients before starting therapy (if clinically

possible). In the case of a patient on therapy with a long‐lasting
immunosuppressive agent (i.e., anti‐CD20 therapies), vaccination

should be done anytime.

5 | PROPHYLAXIS AND THERAPEUTIC OPTIONS
FOR SUBJECTS AT HIGH RISK OF COVID‐19
PROGRESSION

Passive immunization with monoclonal antibodies against SARS‐CoV‐
2 is an available strategy complementary to vaccination for patients

who are unlikely to generate neutralizing antibodies. Antiviral drugs

and monoclonal antibodies are valid treatment options for preventing

the development of severe‐critical COVID‐19 in vulnerable patients

with mild‐moderate disease.

5.1 | Monoclonal antibodies

Monoclonal antibodies are derived from antibodies isolated from

persons infected with SARS‐CoV‐2.63 They are administered via

intravenous infusion or intramuscular injection, confer protection of

variable length, and are currently used for pre‐exposure prophylaxis,
post‐exposure prophylaxis, and treatment of mild‐moderate COVID‐
19 in subjects at high risk of disease progression. Currently different

monoclonal antibodies products are approved by the European

Medicines Agency (EMA), for the prevention of COVID‐19 (casir-

ivimab‐imdevimab, tixagevimab‐cilgavimab) or for the treatment of

patients with mild‐moderate COVID‐19 at risk of progression to

severe disease (bamlanivimab‐etesevimab, casirivimab‐imdevimab,
sotrovimab).64–67 The combination bamlanivimab‐etesevimab, in use

since March 2021, is no more available due to the low susceptibility

profile of the omicron variants of concern (VOC) and on November

2021 EMA has ended the rolling review, after the company informed

the Agency that it was withdrawing from the process. The combi-

nation casirivimab‐imdevimab contains two recombinant human IgG

antibodies that bind non‐competitively to two distinct epitopes of the
receptor binding domain of the SARS‐CoV‐2 spike protein.64 Sotro-

vimab neutralizes SARS‐CoV‐2 by targeting an evolutionary

conserved epitope outside the rapidly evolving receptor binding

domain of the spike protein. Like casirivimab‐imdevimab, the com-

bination tixagevimab‐cilgavimab binds to distinct, non‐overlapping
epitopes of the receptor‐binding domain of the spike protein.

Phase 3, placebo‐controlled clinical trials in out‐patients with

symptomatic COVID‐19 demonstrated significant reductions in

hospitalization and mortality in patients who received casirivimab‐
imdevimab or sotrovimab versus placebo, with relative risk re-

ductions ranging from 70% to 85%.26,68 As for the safety of mono-

clonal antibodies, no particular safety issues were reported in the

pivotal trials, which consistently showed no differences in the

adverse event profile of active treatment and placebo.26–28,30,68

The phase 3 PROVENT trial in patients with an increased risk of

responding inadequately to vaccination, an increased risk of exposure

to SARS‐CoV‐2, or both, found that patients receiving tixagevimab

(150 mg)‐cilgavimab (150 mg) had a 76.7% relative risk reduction of

developing symptomatic COVID‐19 versus patients receiving pla-

cebo.30 Tixagevimab‐cilgavimab is currently approved in Europe for

pre‐exposure prophylaxis and for early treatment of SARS‐CoV‐2‐
infected patients at high‐risk of disease progression/severity.69,70 A

recent study in patients with hematologic malignancies showed that

tixagevimab (300 mg)‐cilgavimab (300 mg) was able to neutralize the
omicron 1 variant of SARS‐CoV‐2.71 In consideration of diminished

activity against the omicron variants, the FDA granted tixagevimab

(300 mg)‐cilgavimab (300 mg) emergency use authorization for pre‐
exposure prophylaxis in February 2022, with the possibility of

repeated administration every 6 months.72 On the contrary, EMA

approved the original 150 mg + 150 mg dose, stating that there are

no safety and efficacy data available on repeat dosing.65

Recently, the ACTIV‐3 trial demonstrated that tixagevimab/cil-

gavimab used in inpatients with COVID‐19 did not improve recovery
time but did reduce deaths,73 while TACLE trial showed benefit of

tixagevimab/cilgavimab in prevention of severe COVID‐19 in out-

patients with mild/moderate infection.74

Monoclonal antibodies are limited by the potential loss of effi-

cacy caused by the rapid mutation rate of SARS‐CoV‐2 and the

occurrence of new variants that escape the antibody VOC. For

example, the combinations bamlanivimab‐etesevimab and

casirivimab‐imdevimab are inactive against the currently predomi-

nant omicron SARS‐CoV‐2 variant, while sotrovimab and

tixagevimab‐cilgavimab have retained some activity.75 Bebtelovimab,
which was granted an emergency use authorization by the FDA in

February 2022 for the treatment of mild‐moderate COVID‐19, is
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active against all omicron subvariants but it is currently available in

US only.76 The reader is referred to the following databases for

updated information on the activities of current vaccines, monoclonal

antibodies and antivirals on VOCs: https://opendata.ncats.nih.gov/

variant/activity and https://covdb.stanford.edu/susceptibility‐data/
table‐mab‐susc/.

5.2 | Antiviral agents

Currently three antiviral agents are available for the treatment of

COVID‐19, namely remdesivir, ritonavir‐boosted nirmatrelvir, and

molnupiravir. Remdesivir, a potent inhibitor of the SARS‐CoV‐2 RNA‐
dependent RNA polymerase, was first approved by the EMA for the

treatment of COVID‐19 in patients with pneumonia requiring oxygen
(5‐day therapy), and thenalso forpatientswithmild‐moderateCOVID‐
19 who are at increased risk of progressing to severe COVID‐19.77 In
this indication it is given by intravenous infusion for 3 days and should

be started as soon as possible after diagnosis and within 7 days of

symptomonset.77Ritonavir‐boostednirmatrelvir andmolnupiravir are
both taken orally and should be startedwithin 5 days from the onset of

symptoms. Ritonavir‐boosted nirmatrelvir is approved by the EMA for

the treatment of patientswithmild‐moderateCOVID‐19at high risk of
progressing to severe disease.78 Nirmatrelvir inhibits the SARS‐CoV‐2
main protease, which ultimately results in the prevention of viral

replication.78 Two 150‐mg nirmatrelvir tablets and one 100‐mg rito-
navir tablet should be taken twice daily for 5 days; in patients with

moderate renal impairment (eGFR≥30 to<60ml/min) thedose should

be reduced to one daily tablet of each agent.78 Like remdesivir,

ritonavir‐boosted nirmatrelvir is not recommended for patients with
severe renal impairment (eGFR <30 ml/min).78 Molnupiravir received

emergency use authorization inDecember 2021 by theUS FDA for the

treatmentof adultswithmild‐moderateCOVID‐19whoare at high risk
for progression to severe disease79; its approval by the EMA is still

pending, nevertheless, for such indication, it is already available in

several European countries.80,81 Molnupiravir is a small‐molecule
ribonucleoside prodrug that blocks the replication of SARS‐CoV‐2
and other RNA viruses, by introducing errors in the virus genome. It

is taken orally (four 200‐mg capsules every 12 h), for no longer than 5
consecutive days, as soon as possible after COVID‐19 diagnosis.82 No
dose adjustments are required in case of renal or hepatic impairment.

The efficacy and safety of the three antiviral agents have been

demonstrated in large phase 3 randomized, placebo‐controlled trials
involving unvaccinated, non‐hospitalized symptomatic patients at

high risk for disease progression.31–33 A short course of remdesivir

and ritonavir‐boosted nirmatrelvir was associated with a >85% lower

risk of hospitalization or death than placebo.31,32 However, virolog-

ical and clinical rebound has been reported few days after ending

ritonavir‐boosted nirmatrelvir full course.83 With molnupiravir, the

risk of hospitalization or death through day 29 was approximately

50% lower (28 of 385 participants, 7.3%) than with placebo (53 of

377, 14.1%), with a difference in percentage points of −6.8 (95%

confidence interval, −11.3 to −2.4, p = 0.001) in the interim analysis,

while the benefit was lower if all randomized participants were

included (6.8% [48 of 709] vs. 9.7% [68 of 699]).33 All antiviral agents

had an acceptable safety profile in the pivotal trials.31–33

Antiviral agents have several practical advantages over mono-

clonal antibodies, including ease of administration and availability. In

addition, as they target highly conserved mechanisms, like RNA‐
dependent RNA polymerase, they are more likely than monoclonal

antibodies targeting the spike protein to retain activity against

emerging SARS‐CoV‐2 variants. Preliminary evidence suggests that

the omicron SARS‐CoV‐2 variant has a susceptibility to the three

antiviral agents similar to that of the original SARS‐CoV‐2 strain.84

Limitations of antiviral agents include drug interactions and their

potential contribution to the emergence of new viral variants. Rito-

navir is a strong inhibitor of the drug‐metabolizing enzyme cyto-

chrome P450 3A; it also has high affinity for P‐glycoprotein and may
inhibit this transporter.78 Therefore, when prescribing ritonavir‐
boosted nirmatrelvir, a careful review of the drugs currently taken

by the patients is required. Useful drug interaction resources are

available online, for example, the COVID‐19 Drug Interactions

checker by the University of Liverpool available at https://covid19‐
druginteractions.org/checker. Concerns about the mutagenic poten-

tial of molnupiravir and the possibility that it may generate new

SARS‐CoV‐2 variants, especially if used in subclinical doses, have

been raised.85

6 | PRACTICAL RECOMMENDATIONS FOR
PROTECTING LYMPHOMA PATIENTS FROM SARS‐
CoV‐2 AND FOR PREVENTING SEVERE/CRITICAL
COVID‐19

Under the guidance of the European Society for Medical Oncology

(ESMO) and the European Hematology Association (EHA), an inter-

disciplinary group of experts has recently published a series of

consensus statements about the management of patients with he-

matologic malignancies in the setting of the COVID‐19 pandemic.24

The ESMO/EHA statements point out that patients with hematologic

malignancies continue to be a vulnerable group and preventive

measure including hand washing, mask wearing, and physical

distancing should be still implemented; their family members and

caregivers should be vaccinated against COVID‐19. COVID‐19
vaccination is strongly recommended also for patients with hema-

tologic malignancies and should be given before starting antineo-

plastic treatment.24 If treatment is urgently needed, however, it

should not be postponed because of the vaccination. Vaccines can be

safely administered during treatment; however, B‐cell depleting

therapies strongly reduce the immune response.24 For this reason,

seroconversion should be tested in lymphoma patients following

vaccination and protective measures should be maintained. Patients

presenting COVID‐19 symptoms should be tested with no delay to

rapidly confirm the diagnosis and initiate as soon as possible COVID‐
19 treatment if indicated. The assessment of seroconversion is rec-

ommended also after the exposure to SARS‐CoV‐2, as patients with
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hematologic malignancies have lower seroconversion rates than the

general population also following natural immunization.42 With re-

gard to the management of lymphoma, the ESMO/EHA guidelines

distinguish between indolent and aggressive lymphoma. When indi-

cated, antineoplastic treatment should be given as recommended,

“without compromising efficacy of treatment”.24 At the same time,

whenever possible, unvaccinated patients should receive COVID‐19
vaccination (at least the first dose) before initiating antineoplastic

treatment. In case of newly diagnosed or relapsing aggressive lym-

phoma, however, treatment has the priority over COVID‐19 vacci-

nation and should not be postponed.24

Table 2 summarizes a set of practical recommendations for the

management of patients with lymphoma in the current situation of

ongoing COVID‐19 pandemic. Three settings of lymphoma manage-

ment are recognized: diagnosis, which is usually a pretreatment

period of watchful waiting; treatment, usually chemotherapy (in-

duction and maintenance) with or without the addition of anti‐CD20
therapy, T‐cell depleting agents, or immunomodulators; follow‐up, a
posttreatment period characterized by disease remission. All patients

considered in this table should be vaccinated against SARS‐CoV‐2
regardless of the setting of lymphoma management and should be

made aware of the latest recommendations about vaccination and

booster vaccination recommended for immunocompromized sub-

jects. Owing to the reduced response to vaccines, seroconversion

(antibody levels) can be assessed 3–4 weeks after vaccination for

scientific purpose but without any impact on vaccination plan or

booster doses. Pre‐exposure prophylaxis with tixagevimab‐
cilgavimab is recommended in SARS‐CoV‐2 unexposed patients

newly diagnosed with lymphoma and in those on active treatment.

Recently, tixagevimab‐cilgavimab treatment has been suggested for

infected patients at high‐risk of disease progression/severity.70 In

lymphoma patients exposed to SARS‐CoV‐2, post‐exposure prophy-

laxis with monoclonal antibodies can be considered if active agents

are available (at the time of manuscript writing, monoclonal anti-

bodies approved for post‐exposure prophylaxis were not active

against the circulating variants). In general, we recommend the

temporary interruption of any procedure and treatment related to

lymphoma management in patients who are diagnosed with COVID‐
19. However, in patients with mild‐moderate COVID‐19, who are

usually outpatients, the decision to interrupt an effective, or urgently

needed, antineoplastic treatment should be made on a case‐by‐case
basis. In alternative to the discontinuation of the entire antineo-

plastic treatment regimen, the removal of the B‐cell depleting

component could be considered in patients treated with chemo-

therapy plus anti‐CD20 therapy. For the treatment of COVID‐19, the
reader is referred to the latest national/international guidelines.90

Currently approved treatment options for mild‐moderate COVID‐19
in lymphoma patients include: monoclonal antibodies, as long as they

are active against the circulating virus variants, and antiviral agents

to be taken as soon as possible following symptom onset, for 5

consecutive days orally (nirmatrelvir‐ritonavir and molnupiravir) or

for 3 consecutive days intravenously (remdesivir).

7 | FINAL CONSIDERATIONS AND FUTURE
PERSPECTIVES

The field of COVID‐19 prevention and management is changing

rapidly, making the continuous update of recommendations neces-

sary. This aspect may pose some limitations to the present effort to

provide guidance in the management of patients with lymphoma and

COVID‐19. Despite considerable advances in reducing COVID‐19‐
related morbidity and mortality, lymphoma patients continue to

have an increased risk of developing severe COVID‐19 and to die

following the infection. The concomitance of lymphoma and SARS‐
CoV‐2 infection complicates the management of both conditions

and continues to be challenging for many clinicians. We believe

therefore that any attempt to address this challenge may be impor-

tant to increase the awareness about vulnerable subgroups of pa-

tients. The evidence suggests that the response to vaccination can be

improved in immunocompromized patients with personalized pro-

tocols and repeated booster doses. Monoclonal antibodies to SARS‐
CoV‐2 (provided they are active against the circulating variants)

and antiviral agents can be used in patients with lymphoma to pre-

vent the progression to severe‐critical COVID‐19. Combined anti-

viral and monoclonal antibodies strategies are commonly used in real

life and the use of combined regimens in lymphoma patients is likely

to be an innovative research strategy.91 Furthermore, the combina-

tion of monoclonal antibodies tixagevimab‐cilgavimab can be used

for pre‐exposure prophylaxis.
For daily clinical practice, given the availability of vaccination,

tixagevimab‐cilgavimab as pre‐exposure prophylaxis, and antivirals

and/or monoclonal antibodies, we recommend to maintain the indi-

cation for less immunosuppressive anti‐CD20 agents for follicular

lymphomas, as local practice in the pre‐pandemic era.
The benefits of these strategies need to be further evaluated. To

this purpose, the collection of real‐world data documenting the use

monoclonal antibodies and antiviral agents in lymphoma patients in

clinical practice should be encouraged.
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