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Patients with hematologic malignancies and recipients of hematopoietic cell transplantation (HCT) are more likely to
experience severe coronavirus disease 2019 (COVID-19) and have a higher risk of morbidity and mortality after
infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Compared with the general population,
these patients have suboptimal humoral responses to COVID-19 vaccines and subsequently increased risk for
breakthrough infections, underscoring the need for additional therapies, including pre- and postexposure prophylaxis,
to attenuate clinical progression to severe COVID-19. Therapies for COVID-19 are mostly available for adults and in
the inpatient and outpatient settings. Selection and administration of the best treatment options are based on host
factors; virus factors, including circulating SARS-CoV-2 variants; and therapeutic considerations, including the clinical
efficacy, availability, and practicality of treatment and its associated side effects, including drug-drug interactions. In
this paper, we discuss how we approach managing COVID-19 in patients with hematologic malignancies and
recipients of HCT and cell therapy.

Introduction
An outbreak of a new respiratory illness called coronavirus dis-
ease 2019 (COVID-19) originating from Wuhan, China, was iden-
tified in December 2019 and is caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). The World
Health Organization declared COVID-19 a public health concern
on January 30, 2020, and subsequently declared the novel coro-
navirus outbreak a global pandemic on March 11, 2020.1

Most infections caused by SARS-CoV-2 are not severe. However,
the spectrum of infection severity depends on the underlying
host risk factors and virulence of SARS-CoV-2 variants. Severe ill-
ness is predominantly associated with increased age (.65 years)
and underlying medical comorbidities, such as diabetes mellitus,
hypertension, and chronic lung disease.2 Patients with cancer,
particularly those with hematologic malignancies, and hemato-
poietic cell transplant (HCT) recipients are more likely to have
severe disease, with increased morbidity and mortality.3-6 Fur-
thermore, compared with the general population, cancer
patients and HCT and cellular therapy recipients have subopti-
mal immune responses following COVID-19 vaccination,7-10

underscoring the need for additional therapies to prevent severe
outcomes in these patients (ie, pre- and postexposure prophy-
laxis).11,12 Moreover, COVID-19 is primarily driven by the replica-
tion of SARS-CoV-2 early in the disease process.13 Thereafter,
disease severity is driven by host immune dysregulation, result-
ing in hyperinflammation, organ damage, and an increased risk

of thrombosis.14 Therefore, incorporating different therapeutic
agents at different disease stages is important to prevent dis-
ease progression, morbidity, and mortality (Figure 1).

How I treat
To illustrate how we approach COVID-19 in patients with hema-
tologic malignancies and recipients of HCT and cell therapy, we
present different clinical scenarios describing common encoun-
ters and practices across cancer centers. Concepts and
approaches to assessing, preventing, and treating COVID-19 in
these vulnerable patients are presented as clinical vignettes with
summary points that should remain foundational in the care of
these patients, even as new therapeutic and preventative strate-
gies become available. However, we acknowledge that this dis-
cussion has several limitations. First, understanding of COVID-19
is evolving, and the data provided in this “How I Treat” article
are based on the available literature and experience at the time
of this publication (Algorithm). To address this limitation, we
have provided hyperlinks to online resources for the most up-to-
date information on treatment guidelines and therapies. Second,
our recommendations are largely based on the results of ran-
domized controlled trials (RCTs) conducted mostly in patients
who are at high risk for severe COVID-19 due to comorbidities
as limited numbers of cancer or cellular therapy recipients are
enrolled in such gold-standard clinical trials. Therefore, most
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guidance is based on expert opinion, clinical experience, and
currently available data and resources.

Prevention of SARS-CoV-2 infection
Case 1
A 42-year-old man with adverse-risk acute myeloid leukemia
(AML) who was in complete remission after receiving 1 cycle
each of induction and consolidation chemotherapy underwent
matched related donor allogeneic HCT (allo-HCT) with a mye-
loablative conditioning regimen. He was discharged on day 32
following allo-HCT with standard antimicrobial prophylaxis. He
was concerned during his first clinic visit about his risk of con-
tracting SARS-CoV-2. He was afebrile and denied any respiratory
or gastrointestinal symptoms or any recent exposure to SARS-
CoV-2. What type of preexposure prophylaxis would you
recommend?

Most studies suggest that patients with immunocompromised
conditions such as cancer will experience a suboptimal immune
response to any COVID-19 vaccine compared with the general
population.15-17 For example, limited immunogenicity in patients
with solid and hematologic malignancies has been shown after
1 dose of the BNT162b2 vaccine. Specifically, lower concentra-
tions of positive anti-S immunoglobulin G (IgG) titers were

measured at approximately 21 days following a single vaccine
inoculum compared with concentrations in healthy control sam-
ples (38% in patients with hematologic malignancies vs 94% in
healthy control samples).18 Furthermore, cancer was associated
with a higher risk of breakthrough infections (odds ratio [OR],
1.1) and severe outcomes (OR, 1.3).19 This suboptimal immune
response to vaccination is driven by the immunosuppressive
state of the cancer type as well as acquired immunodeficiency
from anticancer treatments, particularly B-cell–depleted thera-
pies and the conditioning regimen for cellular therapies.20,21

Despite being associated with poor antibody induction in
immunocompromised patients, vaccination remains the first-
line strategy to prevent SARS-CoV-2 infection or at least
COVID-19–related complications such as hospitalization or
mortality. Notwithstanding poor vaccine-induced humoral immu-
nity, vaccination may provide long-term T-cell–mediated immu-
nity, regardless of antibody titers and even in patients receiving
anti–B-cell–directed agents,22 decreasing the risk of break-
through infections and the rates of severe disease and hospitali-
zation.23,24 Additional doses of COVID-19 vaccines may
enhance immunogenicity, particularly in patients with lower anti-
body titers following the initial vaccine inoculum.18,25 Compared
with neutralizing activity against the ancestral SARS-CoV-2 strain
following 2 doses of mRNA or adenovirus vector COVID-19
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Figure 1. Therapeutic agents to prevent and treat COVID-19.
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vaccines, the activity of neutralizing antibodies against B.1.1.7
(a), B.1.351 (b), and B.1.617.2 (d) variants is diminished.26 Never-
theless, decreased neutralizing antibodies against variants of
concern (VOC), even the B.1.1.529 (o) variant, can be enhanced
with a third full dose of the COVID-19 vaccine.27,28 Interestingly,
the mRNA-1273 vaccine seems to be the most immunogenic in
patients with cancer, followed by BNT162b2 and Ad26.COV2.S,
as measured by neutralizing antibody response.25

On the basis of the results of the phase 3 double-blind random-
ized clinical trial PROVENT, the US Food and Drug Administra-
tion (FDA) issued an emergency use authorization (EUA) on
December 8, 2021, for tixagevimab and cilgavimab as preexpo-
sure prophylaxis of COVID-19 in patients with weakened
immune systems who have not been recently exposed to an
individual with SARS-CoV-2 infection.29 Although a 77% reduc-
tion in the incidence of infection occurred in the treatment arm
(95% confidence interval[CI], 46-90%; P , .001), tixagevimab

and cilgavimab should only be used in individuals who cannot
receive or are anticipated to experience a suboptimal or inade-
quate response to a COVID-19 vaccination. Of note, the PRO-
VENT trial included a small number of immunocompromised
individuals. Furthermore, the emergence of VOC with reduced
susceptibility to tixagevimab and cilgavimab may increase the
risk of treatment failure. Therefore, it is imperative to consider
the regional prevalence of circulating VOC when using such
therapies.30

In a patient with AML ,3 months after allo-HCT, we elected to
administer 300 mg each of tixagevimab and cilgavimab, with
the caveat that the higher dose is only based on pharmacoki-
netic and pharmacodynamic modeling, as this higher dose has
in vivo activity against the o subvariants.31 Relative to compara-
tors, o BA.2 retains near full susceptibility to tixagevimab and cil-
gavimab, but o BA.1 and BA.1.1 reduces susceptibility by 12- to
424-fold, respectively.31

AND AND

No Yes
Hypoxemia

(oxygen saturation
≤ 94% on room air)

Low-flow oxygen

Remdesivir 200 mg as a
single dose on day 1,
followed by 100 mg once
daily. Duration is generally
5 days or until hospital
discharge, whichever is first,
but may extend to up to 10
days in certain patients
(i.e, no substantial clinical
improvement by day 5)

High-flow oxygen or
noninvasive ventilation

Mechanical ventilation
or ECMO

Dexamethasone 6 mg PO
or IV once daily for 10 days

Dexamethasone 6 mg PO
or IV once daily for 10 days

Tocilizumab 8mg/kg IV as a
single dose (sarilumab**
400 mg IV as a single dose
if tocilizumab is not
available)

Suggested laboratory
markers of systemic
inflammation associated
with severe COVID-19
(although specific thresholds
are not well established)

D-dimer � 1000 ng/mL

CRP � 75 mg/L

LDH � 250 U/L

Troponin � 2� upper
limit of normal

Ferritin � 500 mcg/L

CPK � 2� upper limit
of normal

No clinical benefit of
remdesivir

Remdesivir 200 mg as a
single dose on day 1,
followed by 100 mg once
daily. Duration is generally
5 days or until hospital
discharge, whichever is first,
but may extend to up to
10 days in certain patients
(i.e, no substantial clinical
improvement by day 5)

If escalation of care within
96 hours of hospitalization
or if any of the laboratory
features associated with
severe COVID or with
worsening clinical status,
consider adding
tocilizumab 8 mg/kg IV
as a single dose (sarilumab**
400 mg IV as a single dose
if tocilizumab is not
available) or baricitinib 4 mg
PO daily (tofacitinib 10 mg
PO twice daily if baricitinib
not available) for up to 14
days or until discharge from
hospital.*

*Avoid the combination of JAK inhibitors and anti-IL-6 receptor mAbs due to the additive risk of immunosuppression and increased risk of infection
**Reconstitute the single dose 400 mg prefilled subcutaneous syringe (not the prefilled pen) in 100 cc 0.9% NaCl

If any of the laboratory
features associated with
severe COVID or with
worsening clinical status,
consider adding
tocilizumab 8 mg/kg IV as
a single dose or baricitinib
4 mg PO daily (tofacitinib
10 mg PO twice daily if
baricitinib not available)
for up to 14 days or until
discharge from hospital.*

Dexamethasone 6 mg PO
or IV once daily for 10 days

Supportive & symptomatic
management as per

standard of care and:

Monoclonal antibodies:
Bebtelovimab 175 mg IV as a
single dose within 7 days after
symptoms onset

Antiviral agents

300 mg nirmatrelvir/100 mg
ritonavir PO every 12 hours for
five days within 5 days of
symptom onset

Remdesivir 200 mg as a single
IV dose on day 1, followed by
100 mg IV once daily on days 2
and 3 within 7 days of symptom
onset

Molnupiravir 800 mg PO every
12 hours for 5 days within 5 days
of symptom onset

No benefit of systemic steroids
(including dexamethasone), in the
absence of another indication

OR

OR

OR

AND

Algorithm. Treatment of COVID-19 in patients with hematologic malignancies and recipients of cellular therapies. CPK, creatine phosphokinase; CRP, C-reactive
protein; ECMO, extracorporeal membrane oxygenation; LDH, lactate dehydrogenase; PO, by mouth.
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Currently, the phase 3 clinical trial TACKLE is evaluating the effi-
cacy and safety of higher doses of tixagevimab and cilgavimab
for the prevention of severe COVID-19 in nonhospitalized
patients with mild to moderate COVID-19 (ClinicalTrials.gov
NCT04723394). On the basis of ASTCT (American Society for
Transplantation and Cellular Therapy) COVID-19 guidelines,32 a
full COVID-19 mRNA vaccination series was recommended to
our patients, starting $3 months after allo-HCT.33

Case summary points:

1. Patients with underlying malignancies and recipients of HCT
are at increased risk for severe COVID-19.

2. Given the induction of attenuated antibodies following
SARS-CoV-2 vaccination and vaccine-associated antibody
neutralization against different VOC, immunocompromised
patients, including patients with hematologic malignancies
and HCT recipients, should receive a third SARS-CoV-2
mRNA vaccination and booster doses, as well as undergo
revaccination with primary series and boosters after HCT or
other cellular therapies, as indicated.

3. Preexposure prophylaxis with tixagevimab and cilgavimab is
currently recommended in patients with hematologic malig-
nancies and those receiving HCT or cellular therapies. How-
ever, changes in the epidemiology of circulating VOC may
affect this recommendation in the future.

4. In individuals who have received a COVID-19 vaccine, tixa-
gevimab and cilgavimab should be administered at $2
weeks after vaccination.

Management of COVID-19 in
nonhospitalized patients
Case 2
A 56-year-old man with diffuse large B-cell lymphoma who com-
pleted 4 cycles of R-CHOP (rituximab, cyclophosphamide, doxo-
rubicin, vincristine, and prednisone) 2 months previously
presented to the clinic with a 1-day onset of rhinorrhea, cough,
fever, and myalgia. His oxygen saturation on room air was 96%,
and his temperature was 101�F. Nasopharyngeal SARS-CoV-2
reverse transcription-polymerase chain reaction (RT-PCR) testing
was positive, and a respiratory viral panel was negative for other
viruses. His chest radiograph showed no infiltrates. He com-
pleted his COVID-19 vaccination series .4 months previously
and had positive antispike (S) IgG titers 21 days after his first
booster shot. He was concerned about his COVID-19 diagnosis
and worried about progression to severe infection, with the
potential risk of hospitalization and poor outcome. What type of
postexposure prophylaxis or treatment would you recommend
in patients who do not require hospitalization at the time of
diagnosis?

Patients with cancer who contract COVID-19 have a significantly
higher risk of adverse outcomes,3,4 especially those with hema-
tologic malignancies receiving cytotoxic therapy.4 Furthermore,
patients with B-lymphoid malignancies who received anticancer
therapy within 12 months of COVID-19 diagnosis may experi-
ence increased COVID-19-related complications such as
increased rates of hospitalization and intensive care unit use.34

Despite the added risk of severe disease, management options

for COVID-19 in cancer patients are similar to those for other
high-risk patients with different comorbidities (Table 1).

Anti-SARS-CoV-2 monoclonal antibodies (mAbs) In the
United States, EUA has been granted by the FDA for several
anti–SARS-CoV-2 mAbs for the treatment and postexposure pre-
vention of COVID-19 in select individuals at high risk for severe
COVID-19. Specifically, anti–SARS-CoV-2 mAbs have been
authorized for patients who have symptomatic, mild to moder-
ate COVID-19 that does not require supplemental oxygen.
However, the emergence of VOC such as o B.1.1.529 has
resulted in casirivimab–imdevimab, bamlanivimab–etesevimab,
and sotrovimab no longer being recommended where the o
BA.2 subvariant is prevalent, given their reduced in vitro activ-
ity. Bebtelovimab remains active against the o subvariants BA.1
and BA.2,35,36 at least in vitro, and is currently administered
within 7 days after symptom onset for the treatment of nonho-
spitalized high-risk patients with mild to moderate COVID-19.

Antiviral therapy
Ritonavir-boosted nirmatrelvir In the EPIC-HR trial, ritonavir-
boosted nirmatrelvir reduced the rate of progression to severe
COVID-19 by 89% and 88% when administered within 3 and 5
days after symptom onset, respectively, in high-risk, nonhospital-
ized adults.37 Nirmatrelvir is a protease inhibitor active against
the chymotrypsin-like cysteine viral protease MPRO, and ritonavir
enhances its pharmacokinetics38 (Figure 1). Ritonavir is a strong
cytochrome P450 3A4 inhibitor with significant potential for
drug–drug interactions when prescribing ritonavir-boosted nir-
matrelvir. Strategies to overcome drug–drug interactions include

Table 1. Considerations for therapeutic management
of nonhospitalized adults with cancer and mild to
moderate COVID-19 without hypoxia

Supportive and
symptomatic
management

As per standard of care

Anti–SARS-CoV-2
monoclonal
antibodies

Bebtelovimab within 7 d after symptom
onset, as it retains activity against
B.1.1.529 (o) and its BA.1 and BA.2
variants (evidence of in vitro activity
against SARS-CoV-2, but no clinical
efficacy data from placebo-controlled
trials. Consider as alternative therapy
when preferred therapies are not
available.

Antiviral agents 5 d of ritonavir-boosted nirmatrelvir within
5 d of symptom onset (preferred agent
with careful consideration for drug-drug
interactions)

3 d of IV remdesivir within 7 d of symptom
onset (preferred agent but logistically
challenging)

5 d of molnupiravir within 5 d of symptom
onset (alternative therapy when
preferred therapies are not available)

Systemic steroids No benefit of systemic steroids (including
dexamethasone) in nonhospitalized
patients and in the absence of another
indication
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adjusting the dose or withholding concomitant medications that
may interact with ritonavir-boosted nirmatrelvir; performing fre-
quent therapeutic drug level monitoring, particularly for calci-
neurin inhibitors and mammalian target of rapamycin inhibitors,
to avoid supratherapeutic exposure; and using alternative medi-
cations when possible (Figure 2). If a potential drug–drug inter-
action is identified, it will be important to adjust the interacting
medications rather than altering the dose of ritonavir-boosted
nirmatrelvir. Whenever these above strategies are not possible,
it is prudent to consider alternative COVID-19 therapies.
Ritonavir-boosted nirmatrelvir dosing needs to be adjusted with
renal and hepatic impairments.

Emerging reports describe patients with laboratory-confirmed
SARS-CoV-2 infection experiencing a rebound of COVID-19
symptoms 2 to 8 days after completing 5 days of ritonavir-
boosted nirmatrelvir.39-41 Despite retesting positive for the virus,
these patients clinically improved without additional antiviral-
directed therapy. Notably, in the EPIC-HR clinical trial of ritonavir-
boosted nirmatrelvir treatment for nonhospitalized adults with
COVID-19, 1% to 2% of patients who completed treatment had
either a positive SARS-CoV-2 test after testing negative or an
increase in the SARS-CoV-2 viral load by PCR.37 At this time,

there are no clear signals of baseline or treatment-emergent
resistance. Treatment with remdesivir should be considered for
immunocompromised patients with “rebound phenomenon” on
a case-by-case basis. In addition, the possible transmission was
described during this “rebound phenomenon,”39 quarantine for
5 full days after onset of the rebound symptoms, and wearing a
face mask for an additional 5 days is recommended.

Remdesivir Remdesivir is a nucleotide prodrug of an adenosine
analog that is incorporated into nascent viral RNA chains, result-
ing in premature termination42 (Figure 1). Remdesivir has dem-
onstrated in vitro activity against SARS-CoV-2.43 In a double-
blind, placebo-controlled RCT in nonhospitalized patients with
COVID-19 who are at high risk for disease progression, a 3-day
course of IV remdesivir resulted in an 87% relative reduction in
the risk of hospitalization or death compared with placebo.44 Of
note, vaccinated individuals were excluded from that trial, only
30 (5.3%) patients had a current cancer diagnosis, and the key
inclusion criteria were laboratory-confirmed SARS-CoV-2 infec-
tion #4 days from screening and symptom onset #7 days from
randomization. Remdesivir has the advantage of resulting in
fewer drug–drug interactions while maintaining comparable risk
reductions to ritonavir-boosted nirmatrelvir. However, the 3-day
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Repeat levels every 2–4 days, adjust dose PRN.

If level is therapeutic:
Restart tacrolimus at 25–50% of baseline dose
Repeat levels every 2–4 days, adjust dose PRN.

If level is supra-therapeutic:
Continue to hold tacrolimus and repeat levels
every 2–4 days to assess resumption.
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Increase cyclosporine total daily dose***
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**Consult with a local pharmacist.
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If level is therapeutic:
Continue current cyclosporine dose
Repeat level every 2–4 days, adjust dose PRN

If level is supra-therapeutic:
Reduce current dose of cyclosporine
Repeat levels every 2–4 days, adjust dose PRN

If level is sub-therapeutic:
Resume sirolimus at 50% of baseline dose. Repeat
level every 7 days and dose-adjust accordingly.

If level is therapeutic:
Resume sirolimus at 50% of baseline dose. Repeat
level every 7 days and dose-adjust accordingly.

If level is supra-therapeutic:
Continue to hold sirolimus and repeat levels
every 5–7 days to assess resumption.

Figure 2. Managing immunosuppressants in the setting of nirmatrelvir and ritonavir use. JAK, Janus kinase; PRN, pro re nata (as needed).
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IV dosing regimen poses logistical challenges, particularly for
outpatient administration.

Molnupiravir Molnupiravir is a nucleoside analog prodrug of N-
hydroxycytidine. Phosphorylated N-hydroxycytidine is incorpo-
rated into the viral RNA, leading to an accumulation of deleteri-
ous errors in the viral genome and thereby halting the viral
replication45-47 (Figure 1). In the phase 3 component of MOVe-
OUT placebo-controlled, double-blind RCT, a 5-day course of
oral molnupiravir initiated within 5 days of symptom onset
reduced the risk of hospitalization and death in nonhospitalized
patients with mild to moderate COVID-19 compared with pla-
cebo (6.8% [48 of 709] vs 9.7% [68 of 699]; difference, 23.0 per-
centage points; 95% CI, 25.9 to 20.1).48 Although the trial
included patients with $1 risk factor for the development of
severe COVID-19, only 29 (2%) patients had active cancer, and
only unvaccinated patients were eligible. Although it has not
been compared head-to-head with other COVID-19 therapies,
molnupiravir seems to have lower efficacy than remdesivir and
ritonavir-boosted nirmatrelvir. However, molnupiravir does not
require dose adjustment for renal or hepatic impairment and
has minimal drug2drug interactions, except for reducing the
therapeutic effect of cladribine.

For our patient, we elected to treat with ritonavir-boosted nirma-
trelvir based on encouraging data from an RCT for nonhospital-
ized patients with COVID-19. In addition, our patient was
receiving other medications with no major concerns for drug2-
drug interactions. Another reasonable option would have been
IV remdesivir, but this could be logistically challenging for daily
outpatient administration. Molnupiravir is an alternative option if
the preferred agents (ritonavir-boosted nirmatrelvir and remdesi-
vir) are either not available or contraindicated.

Case summary points:

1. Anti2SARS-CoV-2 mAbs have been shown to decrease pro-
gression to severe COVID-19, but efficacy varies by VOC.
Therefore, knowing the local and regional prevalence of cir-
culating VOC is critical.

2. Antiviral agents are emerging in the treatment of SARS-
CoV-2 infection, with variable efficacy. In general, early initi-
ation of antiviral therapy is associated with better outcomes
(Table 1).

3. Careful consideration for potential drug2drug interactions
is critical before starting antiviral agents, especially ritonavir-
boosted nirmatrelvir (Figure 2).

4. Combinations of different antiviral agents for the treatment
of COVID-19 are emerging, but no RCTs of their use have
been conducted in cancer patients or HCT and cellular ther-
apy recipients.

5. Despite the emergence of different VOC, remdesivir,
ritonavir-boosted nirmatrelvir, and molnupiravir seem to
have equipotent activity against a, b, g, D, and o variants.49

Management of COVID-19 in patients
requiring hospitalization
Case 3
A 32-year-old woman with relapsed B-cell acute lymphoblastic
leukemia/lymphoma received salvage chimeric antigen receptor

T-cell therapy and achieved complete remission, according to
repeat bone marrow biopsy and aspiration and positron emis-
sion tomography–computed tomography done 30 days previ-
ously. Her blood counts recovered, except for the absolute
lymphocyte count (120 lymphocytes per microliter of blood), with
the lymphocyte profile revealing the absence of CD191CD201 B
cells. She presented to the emergency department with a 1-day
history of shortness of breath, congestion, sinus pain, and fever.
SARS-CoV-2 RT-PCR testing was positive, and a respiratory viral
panel was negative for other viruses. A chest radiograph showed
bilateral scattered opacities consistent with multifocal pneumo-
nia. Oxygen saturation on room air was 82%, which improved to
94% on a 5-L nasal cannula. While the emergency room physician
was evaluating her, she developed hypotension requiring vaso-
pressors. She was admitted to the intensive care unit and imme-
diately started on dexamethasone and remdesivir. The ferritin
concentration was elevated at 3210 ng/mL, and tocilizumab was
administered.

For patients with cancer who are hospitalized with COVID-19
and do not require oxygen, remdesivir should be administered
for up to 10 days, as it may shorten the recovery time by a
median of 5 days50 (Algorithm). Although other therapies for the
management of high-risk outpatients (ie, anti2SARS-CoV-2
mAbs, ritonavir-boosted nirmatrelvir, and molnupiravir) are rea-
sonable alternatives for high-risk hospitalized patients with can-
cer, remdesivir seems to be a more suitable option, with robust
published data on its efficacy and safety in these instances
(Table 2). In the absence of another indication, the use of corti-
costeroids in patients who do not require supplemental oxygen-
ation is not supported.51

For cancer patients who are hospitalized with COVID-19 and are
receiving oxygen supplementation, our approach varies based

Table 2. Considerations for therapeutic management
of hospitalized adults with cancer and COVID-19

Hospitalized not
requiring
supplemental
oxygen*

Consider management as nonhospitalized
adults with cancer and mild or moderate
COVID-19 without hypoxia

Insufficient evidence for the use of
corticosteroids in the absence of another
indication

Hospitalized
requiring
supplemental
oxygen*

Remdesivir

Dexamethasone

Second immunomodulator for patients with
increasing oxygen needs and systemic
inflammation (tocilizumab or baricitinib:
tofacitinib if baricitinib is not available and
sarilumab if tocilizumab is not available)

Hospitalized
requiring
mechanical
ventilation or
extracorporeal
membrane
oxygenation

Remdesivir is not effective at this stage

Dexamethasone

Tocilizumab (sarilumab if tocilizumab is not
available)

*Some patients might benefit from resting in the prone position89 and need to be
educated about breathing exercises to prevent anxiety-provoking severe breathlessness.90
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on the degree of oxygen requirement (Algorithm). For patients
who require low-flow oxygen support, dexamethasone daily for
up to 10 days or until hospital discharge and remdesivir daily for
5 days or until hospital discharge51,52 is recommended. Remde-
sivir provides the greatest benefit when given early in the course
of COVID-19 (ie, within 10 days of symptom onset).44,53 Never-
theless, clinical trials have not shown differences among patients
who received remdesivir and those who received standard
of care.54,55 Moreover, remdesivir does not show a significant
benefit in patients with COVID-19 who require mechanical
ventilation.53

For patients who require increasing oxygen supplementation,
especially those requiring high-flow oxygenation or noninvasive
ventilation, adding a second immunomodulator could provide
additional clinical benefits.56 The addition of anti-interleukin 6
(IL-6) receptor mAbs (ie, tocilizumab) or Janus kinase (JAK) inhib-
itors (ie, baricitinib or tofacitinib) to dexamethasone is reason-
able, especially in patients with elevated markers of systemic
inflammation57-60 (Table 3). Sarilumab may be used as an alter-
native to tocilizumab when the latter is unavailable, and tofaciti-
nib may be used in lieu of baricitinib. When a second
immunomodulator is contemplated, avoiding the combination
of JAK inhibitors and anti2IL-6 receptor mAbs is advised given
an increased risk of infection, particularly opportunistic infections
and reactivation of latent infections.61

Management of patients with COVID-19 who are mechanically
ventilated is similar to the management of hypoxemic respira-
tory failure due to other causes. Earlier in the pandemic, several
retrospective studies reported higher mortality rates with
COVID-192related acute respiratory distress syndrome. Limited
data suggest that the clinical features of severe COVID-19 are
similar to those of non2COVID-19 with acute respiratory distress
syndrome.62

Case summary points:

1. The combination of remdesivir and dexamethasone is the
cornerstone of therapy for hospitalized patients with moder-
ate to severe COVID-19.

2. Additional immunosuppressive therapies may be needed to
treat the host-derived cytokine storm induced by SARS-
CoV-2 infection.

3. Surveillance is critical to ensure that superimposed infec-
tions are diagnosed and treated promptly. The need for
antimicrobial prophylaxis should be assessed on a case-by-
case basis.

Other therapies
Convalescent plasma
In a large multisite RCT, early (ie, within 8 days after symptom
onset) outpatient treatment with anti2COVID-19 convalescent
plasma decreased the incidence of hospitalization by 54% (abso-
lute risk reduction, 3.4 percentage points; 95% CI, 1.0-5.8; P 5

.005).63 A smaller clinical trial with early (ie, within 72 hours after
the onset of symptoms) high-titer plasma therapy showed a

relative risk reduction of 48% for hypoxemia or tachypnea and
the risk of progression to severe respiratory disease.64 However,
other trials have failed to demonstrate such benefits, probably
because of the heterogeneity of the anti2COVID-19 convales-
cent plasma and the timing of administration.65,66

Given logistical constraints with the collection, preparation, and
administration of anti2COVID-19 convalescent plasma, we con-
sider this therapy to be an alternative option for patients with
symptomatic COVID-19 infection who are at a higher risk for dis-
ease progression if administered early after symptom onset and
contain high titers antibodies.

Mesenchymal stem cells
Mesenchymal stem cells (MSCs) are multipotent stem cells with
the ability to self-renew and differentiate into various types of
tissues. MSCs possess immunomodulatory and antiinflammatory
properties, thereby inhibiting SARS-CoV-2 cell-mediated inflam-
mation.67 In addition, they are resistant to SARS-CoV-2 infec-
tion, as they lack the angiotensin-converting enzyme 2 receptor
used for viral entry into cells68 (Figure 1).

Few studies have investigated different sources of MSCs in the
treatment of patients with COVID-19.69 In a double-blind RCT
investigating 24 patients who were randomly assigned to
receive either umbilical cord MSCs or placebo, no differences in
adverse events were noted, and treatment with MSCs was asso-
ciated with improved survival and time to recovery.70 However,
to date, MSCs remain investigational products for the treatment
of COVID-19.

SARS-CoV-2–specific T cells
Adoptive T-cell immunotherapy is a promising therapy for viral
infections, particularly in immunocompromised patients. Emerg-
ing evidence suggests that T cells play an important role in the
prevention of COVID-19.71 Transferring off-the-shelf, human leu-
kocyte antigen-matched allogeneic SARS-CoV-2–specific T cells
from convalescent individuals has been proven safe for clinical
use with no autoreactivity or alloreactivity.72-75 Most importantly,
T cells generated from such adoptive immunotherapies are
capable of recognizing multiple SARS-CoV-2 variants.76

Natural killer (NK) cells
NK cells play a crucial role in antiviral immune responses.77

Moreover, they can limit tissue fibrosis.78 Individuals with severe
COVID-19 have elevated antiinflammatory molecules that impair
antiviral defenses by NK cells, leading to poor control of SARS-
CoV-2 infection.79-82 NK cells in the blood of patients with
COVID-19 express CD39 and upregulate programmed cell
death protein 1 receptors and NGKG-2A.83 Given the availability
of monoclonal antibodies that target these NK cell molecules,
therapies targeting programmed cell death protein 1 (and its
ligand, PD-L1), NKG2A, and CD39 are being investigated to
boost NK cell antiviral immunity against SARS-CoV-2 infections.
However, these therapies should be carefully investigated in
severe cases of COVID-19, as highly activated NK cells can
worsen lung injury.84
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Table 3. Summary of different COVID-19 therapeutic modalities

Drug Indication Mechanism of action Dosage and administration Special consideration

Baricitinib Hospitalized with
increasing oxygen
requirement and
increased
inflammatory markers

JAK inhibitor 4 mg PO once daily up to
14 d or until hospital
discharge

� Needs to be dose-adjusted
according to creatinine
clearance

� Administer in conjunction with
corticosteroids

� Avoid combination with IL-6/IL-
6 receptor inhibitors because
of increased risk of infections

Bebtelovimab Nonhospitalized
patients with mild to
moderate infection

Recombinant neutralizing
human mAb that binds
to the spike protein of
SARS-CoV-2

175 mg IV as a single dose � Administer as soon as possible
after a positive SARS-CoV-2
test and within 7 d of
symptoms

Dexamethasone Hospitalized with
hypoxia (oxygen
saturation ,94% on
room air)

Decreases inflammation
and inflammatory
mediators

6 mg IV or PO once daily for
up to 10 d or until hospital
discharge

� If dexamethasone is not
available, an equivalent dose
of other corticosteroids may be
used

Molnupiravir Nonhospitalized
patients at high risk
of disease
progression

Nucleoside analog
prodrug of N-
hydroxycytidine, which
is incorporated into the
viral RNA and leads to
the accumulation of
deleterious errors in
the viral genome and
inhibition of viral
replication

800 mg every 12 h for 5 d � Limited efficacy; consider using
if ritonavir-boosted nirmatrelvir
or remdesivir are unavailable

� Initiate as soon as possible
after COVID-19 diagnosis and
within 5 d of symptom onset

Remdesivir Hospitalized and
nonhospitalized
patients at high risk
of disease
progression

Nucleotide prodrug of an
adenosine analog that
binds to the viral RNA-
dependent RNA
polymerase and inhibits
viral replication by
terminating RNA
transcription
prematurely

Nonhospitalized patients: 200
mg IV once, followed by
100 mg once daily on days
2 and 3

Hospitalized patients: 200 mg
IV once, followed by 100
mg IV once daily for a total
duration of 5 d or until
hospital discharge,
whichever is first, but may
extend to up to 10 d in
certain patients without
substantial clinical
improvement by day 5

� Complete 10-d course for
more severe illness

� Consider using remdesivir
solution over the lyophilized
powder formulation in patients
with renal impairment (the
former contains less SBECD,
which is primarily eliminated by
the kidneys)

Ritonavir-
boosted
nirmatrelvir

Nonhospitalized
patients at high risk
of disease
progression

Protease inhibitor active
against MPRO, the main
SARS-CoV-2 protease,
resulting in inhibition of
viral replication

300 mg of nirmatrelvir with
100 mg of ritonavir,
administered together twice
daily for 5 d*

� Extensive drug–drug
interactions

� Initiate as soon as possible
after COVID-19 diagnosis and
within 5 d of symptom onset

Sarilumab Hospitalized with
increasing oxygen
requirement and
increased
inflammatory markers

Anti–IL-6 receptor inhibitor
leading to a reduction in
cytokines and acute
phase reactant
production

Reconstitute the 400-mg
single-dose prefilled
subcutaneous syringe in 100
cc 0.9% NaCl IV infusion
over 1 h

� Use as an alternative drug if
tocilizumab is not available

� Use the single-dose, prefilled
syringe (not the prefilled pen)

Tixagevimab and
cilgavimab

Preexposure
prophylaxis

Combination of 2 human
mAbs targeted against
the surface spike
protein of SARS-CoV-2

300 mg/300 mg of
tixagevimab and cilgavimab
as a single dose
(administered in 2 separate
IM syringes consecutively)

� Platelet count preferably .20
K/mcL since it is an IM
injection

Tocilizumab Hospitalized with
increasing oxygen
requirement and
increased
inflammatory markers

Anti–IL-6 receptor
inhibitor leading to a
reduction in cytokines
and acute phase
reactant production

8 mg/kg actual body weight
(up to 800 mg) as a single
IV dose

� Avoid combination with JAK
inhibitors

� Consider a second dose
8 h after the first dose if no
clinical improvement

Tofacitinib Hospitalized with
increasing oxygen
requirements and
increased
inflammatory markers

JAK inhibitor 10 mg PO twice daily up to 14
d or until hospital discharge

� Use as an alternative drug if
baricitinib is not available

� Needs to be dose-adjusted
according to creatinine
clearance

IM, intramuscular; JAK, Janus kinase; PO, by mouth; SBECD, sulfobutylether-beta-cyclodextrin sodium.

*Refer to the ritonavir-boosted nirmatrelvir package insert for dose adjustment for renal and hepatic impairment.91
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Special considerations
Additional clinical guidance can be found in recent online docu-
ments from the American Society of Hematology85 and the
ASTCT.86

When can we offer COVID-19 vaccines to HCT and CAR
T-cell recipients?

As early as 3 mo, the mRNA-1273 seems to be the most immunogenic, followed
by BNT162b2 and Ad26.COV2.S.25 Consider administering tixagevimab and
cilgavimab shortly after transplantation or cellular therapy awaiting vaccination.

Should we revaccinate HCT and CAR T-cell recipients,
regardless of their vaccination status, before
transplantation or cellular therapy?

Yes, because of the major concern for the loss of immunity after
transplantation or cellular therapy.

When can we offer COVID-19 vaccines to nontransplant
patients with hematologic malignancies?

As soon as possible, but preferably after resolution of neutropenia, if
expected.

When can we offer COVID-19 vaccines to patients receiving
IVIG?

No delay in vaccination is recommended.

Can patients who received mAB (either pre- or
postexposure prophylaxis) receive COVID-19 vaccines?

Yes, no deferral period is recommended. However, because of concerns of
decreased vaccine immunogenicity, tixagevimab and cilgavimab should be
administered ($14 d after the last vaccine inoculum) to enhance protection.

What is the role of serologic testing for SARS CoV-2 after
COVID-19 vaccination?

Serologic testing is not recommended at this time as the commercial assays
are nonstandardized, and the clinical thresholds that confer protection are
not known.

Should COVID-19 vaccines be offered after recovery from
COVID-19?

Yes, among patients who had recovered from COVID-19, $1 mRNA vaccine
significantly decreased the risk of recurrent infection.87

Should systemic anticancer treatment be delayed in the
setting of COVID-19?

In most hematologic malignancies, the high efficacy of anticancer treatment
favors curative standard-of-care approaches, despite the infectious risk of
COVID-19. This should be considered on a case-by-case basis.

Should transplantation or cellular therapy be delayed in
patients with COVID-19?

Defer transplantation/cellular therapy infusion for 14-21 d and until
asymptomatic. In cases of high-risk underlying disease, consider deferring
until 2 negative SARS-CoV-2 tests by PCR (.24 h apart); however, decisions
should be made on a case-by-case basis because of prolonged viral
shedding.32

Should patients with hematologic malignancies undergo
screening for SARS-CoV-2 infection before procedures?

All patients should undergo screening for SARS-CoV-2 infection by PCR before
procedures (including admission for inpatient chemotherapy,
transplantation, and cellular therapies), preferably no more than 2 to 3 d
prior.

Should HCT donors diagnosed with COVID-19 be deferred
for donation, and for how long?

Donors with SARS-CoV-2 detected in respiratory samples are considered
ineligible for donation until 28 d have elapsed since symptom resolution,
apart from specific considerations on a case-by-case basis (refer to the
NMDP guidelines for updated guidance).32

Is there any benefit to using therapeutic anticoagulation in
patients with COVID-19?

No. Venous thromboembolism prophylaxis should only be used during
hospitalizations when appropriate, in the absence of another indication.

Are antibiotics and antifungals routinely recommended for
patients with COVID-19?

Routine antibiotic and antifungal treatment is not recommended in the
absence of another indication.88

Is routine IVIG therapy recommended for patients with
COVID-19 infection?

No. Routine use of IVIG is not currently recommended in the absence of
another indication.

When should isolation be discontinued in patients with
blood cancers who have recovered symptomatically from
COVID-19 with persistent viral shedding?

Immunocompromised patients, including HCT and cellular therapy recipients,
may have prolonged viral shedding after contracting SARS-CoV-2. Given its
sensitivity, retesting with PCR assays of nasopharyngeal samples may be
positive for a long period. Therefore, retesting is not routinely
recommended in immunocompromised patients who clinically recovered
from COVID-19. Time-based isolation precautions, as per the CDC
recommendations with the use of appropriate personnel protective
equipment such as N95 respirators, are preferred in this patient population.

Can antispike antibody tests be used to monitor a beneficial
response to SARS-CoV-2 vaccines after chemotherapy or
HCT?

No, thus the need for additional booster doses. Correlation with antibody
titers, mainly neutralizing antibodies, and protection from symptomatic
SARS-CoV-2 infection is not well established in immunocompromised
patients.

CDC, Centers for Disease Control and Prevention; HCT, hematopoietic cell transplantation; IVIG, intravenous immune globulin; NMDP, National Marrow Donor Program.
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Conclusions
SARS-CoV-2 remains a major threat to patients with hemato-
logic malignancies and recipients of HCT and cellular therapy.
SARS-CoV-2 vaccination remains the mainstay strategy to pre-
vent severe COVID-19. However, given decreased vaccine
immunogenicity and increased risk for breakthrough infections,
additional therapeutic modalities are needed to complement
vaccination strategies in patients with hematologic malignan-
cies and recipients of HCT and cell therapy, such as preexpo-
sure COVID-19 mAbs (Table 3). Well-designed clinical trials
that include this vulnerable patient population are critically
needed to identify novel therapies with greater potency and
more favorable toxicity profiles to prevent or treat SARS-CoV-2
infection.
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