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Opinion statement

The coronavirus disease-19 (COVID-19) pandemic has posed numerous challenges to the
global healthcare system. Of particular gravity is adult and pediatric patients with
hematologic malignancies who are among the most vulnerable groups of patients at risk
of severe COVID-19 outcomes. In the early phases of the pandemic, several treatment
modifications were proposed for patients with leukemia. Largely speaking, these were
adopting less-intense therapies and more utilization of the outpatient setting. Over time,
our understanding and management have become more nuanced. Furthermore, equipped
with vaccinations to prevent COVID-19 infection and availability of treatments in the
presence of COVID-19 infection, the recommendations on management of patients with
leukemia have evolved. Patient’s leukemia characteristics, possibility of targeted therapy,
vaccination status, symptomatology, comorbidities, goal of anti-leukemic therapy, the
intensity of therapy, the setting of treatment, as well as loco regional factors like dynamic
incidence of COVID-19 in the community and hospital/ICU bed status are among many
factors that influence the decisions. Furthermore, the oncology community has adopted
delaying the anti-leukemia therapy for a limited time frame, if clinically possible, so as to
still deliver most appropriate therapy while minimizing risks. Early adoption of growth
factor support and conservative blood transfusion practices have helped as well. In this
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review, we discuss the impact of COVID-19 on outcomes and share considerations for
treatments of leukemias. We describe the impact on both clinical care (from diagnosis to
treatment) and research, and cover the literature on vaccines and treatments for COVID-19
in relation to leukemia.

Introduction

The coronavirus disease-19 (COVID-19) pandemic has
affected virtually every aspect of cancer care in the Unit-
ed States (US) and globally, extending from the initial
diagnosis of cancer to enrollment in clinical trials [1–4].
In part due to the nature of hematologic malignancies
and the associated interventions, patients with acute and
chronic leukemias are considered among the highest risk
for contracting COVID-19, presenting with symptoms,
and developing severe outcomes [5•, 6–10]. There have
been significant breakthroughs in the repurposing of

available therapies and in the development of new ther-
apies to reduce the risk of infection and severe outcomes
among patients who are infected with COVID-19 [11].
Despite therapeutic successes, the mutagenicity of
COVID-19, resultant successive waves of COVID-19,
and poor serologic response among immunocompro-
mised persons, further clinical and epidemiologic stud-
ies are needed regarding benefits and risks of COVID-19
interventions [12].

Epidemiology of COVID-19 outcomes in acute and chronic
leukemia

Multiple retrospective studies of real-world data have supported an increased
risk of developing severe outcomes-related to COVID-19 among patients with
hematologic malignancies [5•, 7, 9, 10, 13]. Most studies, however, have
reported on hematologic malignancies collectively without differentiating be-
tween subtypes [5•, 10]. Mileham et al., using the American Society of Clinical
Oncology (ASCO) Registry, focused on risk factors associated with outcomes in
patients with hematologicmalignancies and identified a higher risk ofmortality
among older patients with B-cell malignancies. Compared to patients ≤60
years, 61–70 years were at twice the risk of death (95%CI 1.3–3.3) while 970
years were at 4.5 times the risk (95%CI 1.8–11.1). A similar association with
older age was not observed in patients with metastatic solid tumors [9].
Leveraging two different European sources to aggregate 941 patients with
chronic lymphocytic leukemia (CLL), Chatzikonstantinou et al. described a
mortality of 27% among patients with CLL who contracted COVID-19; among
patients who developed severe COVID-19 (defined in this study as hospitali-
zation plus oxygen requirement or admission to an intensive care unit (ICU)),
the mortality was 38% [7]. Roeker et al. demonstrated a similarly elevated
mortality among patients with CLL who contracted PCR-diagnosed COVID-
19 (28%mortality overall; 36% among the hospitalized) [8]. Using the NCATS
National Covid Cohort Collaborative (N3C), a centralized dataset representing
one of the largest repository of COVID-19 cases and controls in the US,
Sharafeldin et al. found patients with electronic health record diagnosis of a
hematologic cancer had approximately 15% greater mortality rate within 10
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days of admission to the hospital with COVID-19 compared to a COVID-19
positive non-cancer control [5•]. Results from the COVID-19 and Cancer
Consortium (CCC19), a registry formed in March 2020 to study COVID-19
outcomes in patients with current or past history of cancer, showed among
cancer patients, hematologic malignancies were consistently associated with
worse COVID-19 outcomes [10, 14], and was the highest among CLL com-
pared to other hematologic malignancies [15]. A multicenter study of 66
hematology units from Italy, showed hematologic malignancy patients had
a 4 times higher mortality risk compared to the general population; further-
more, mortality among hematologic malignancy patients infected with
COVID-19 were 41 times higher than non-infected patients. Hazard ratio
of death among acute myeloid leukemia was estimated at 3.49 (1.56–7.81)
[16]. A case-series study of leukemia patients across 7 centers in Istanbul
reported a significantly higher mortality rate among acute myeloid leukemia
patients infected with COVID-19 compared to patients without COVID-19,
underscoring the need for aggressive infection prevention among hospital-
ized acute leukemia patients [17].

Delays in diagnosis and disruptions to care

The pandemic caused delays and disruptions in health care worldwide
including cancer care, affecting screening practices, diagnosis, treatment,
palliative, and rehabilitation services [18]. An April 2020 analysis of 20 US
healthcare institutions, using the COVID and Cancer Research Network,
reported a 46.6% reduction in patients with new incidence of hematologic
cancers and a 39% reduction in encounters in patients with cancer compared
to the same time period in 2019 [19]. A systematic review of studies exam-
ining the impact of COVID-19 on essential health services identified 38
different categories of overall delays and disruptions of cancer care globally:
22 were treatment-related, 7 were diagnosis-related, and 9 were related to
general health services [20]. Only 5% of the studies reviewed, however, had
reported on patients with hematological cancers. For example, interruption
of bone marrow biopsies was reported by 14% of oncologists surveyed at 63
different Italian Centers [21]. A follow-up review by the same group on the
impact of strategies to mitigate delays and disruptions of cancer care found
they were not carefully designed to specifically address an outcome of
interest which hinders their ability to inform the decision-making process.
Furthermore, consensus best practices continued to rely on expert commit-
tees’ recommendations [22].

Optimal cancer care must balance the risks of potentially exposing cancer
patients and/or their caregivers to COVID-19, while also ensuring early diagno-
sis and timely treatment. Cancer-related deaths were projected to increase as a
result of the impact of the pandemic on health care systems. A study from the
UK using real-world and modeled data on cancer care estimated an 8.3%
increase in 1-year mortality risk among prevalent cases of leukemia and
19.6% among incident cases. Assuming a 10% COVID-19 infection rate, leu-
kemia was among the top 10 cancers with excess cancer-related deaths over 1-
year period; the rise in those estimates was proportional to an increase in the
infection rate [23]. Those early projections were a clear indication that delays in
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diagnosis and disruptions to treatment would exacerbate further the detrimen-
tal effects among the most vulnerable patients with hematologic malignancies.

Clinical trial participation

Disruptions to cancer care were not limited to clinical care but also extended to
research activities including conduct of cancer clinical trials. Several academic
and community-based clinical trial programs halted or prioritized screening
and enrollment for certain clinical trials and ceased research-only visits, as
shown by a survey launched by ASCO [24]. Enrollment on cancer trials and
protocol adherence proved to be challenging early in the pandemic,
compounded with challenges faced by investigators to modify trial procedures
through lengthy discussions with sponsors, contract research organizations
(CROs), and institutional review boards. Challenges were also observed on
the patient side, with over half of survey respondents indicating a decrease in
patient ability and willingness to come to study visits. Despite the initial
implementation challenges, the pandemic also offered opportunities for im-
provement in the conduct of clinical trials that could be adapted long-term
post-COVID-19. The vast majority of surveyed investigators were in favor of
telehealth participant visits and remote patient review of symptoms, while
sponsors and CROs positively viewed remote site initiation visits and trial
monitoring [24]. A subsequent report published by ASCO evaluating adapta-
tions in cancer care delivery, research operations, and regulatory oversight in
response to the COVID-19 pandemic, recommended five goals each for clinical
research and cancer care delivery as the pandemic recedes [25]. The goals
centered on ensuring equitable, accessible, affordable research and care, mini-
mizing regulatory burdens, retaining well-trained work-force, and promoting
telemedicine.

Despite being one of the most vulnerable populations to severe COVID-19
outcomes, exclusion of patients with cancer from participating in COVID-19
treatment and/or vaccination clinical trials continued to persist [26]. One of the
earliest efforts to address disparities in clinical trial participation included the
trial (LLS Protocol Number: BAML-16-001-COV1) launched by the Leukemia &
Lymphoma Society (LLS) to test the drug acalabrutinib (Calquence) in patients
who had tested positive for COVID-19 and were diagnosed with acute myeloid
leukemia, acute lymphoblastic leukemia, myelodysplastic syndromes, and
aplastic anemia, all of whom are often excluded from COVID-19 clinical trials
based upon very low blood counts. However, early reports of the CALAVI phase
II trials for acalabrutinib in patients hospitalized with respiratory symptoms of
COVID-19 did not meet the primary efficacy endpoint and the trial was pre-
maturely terminated [ClinicalTrials.gov identifier, NCT04497948]. Trial reports
showed addition of acalabrutinib to best supportive care did not increase the
proportion of patients who remained alive and free of respiratory failure. In
February 2021, the VOICE (vaccination against COVID in cancer)
[ClinicalTrials.gov identifier, NCT04715438] a multicenter, prospective, non-
inferiority trial was launched in the Netherlands [26]. The trial, however, only
enrolled patients with solid tumors, and showed patients on active chemother-
apy, immunotherapy, or both mounted an adequate antibody response to
vaccination with no serious safety concerns or vaccine-related deaths [27]. At
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the time of this review, an ongoing, actively recruiting trial, sponsored by the US
National Cancer Institute (NCI) was launched in April 2021 to study the safety
and immunogenicity of the COVID-19 vaccine in patients with hematologic
malignancies [ClinicalTrials.gov Identifier: NCT04847050]. Participants will
receive 2 doses of the mRNA-1273 vaccine, with options for up to 2 booster
injections on study and will be followed prospectively for 12 months. Results
from this trial will provide critically needed information supporting safety and
tolerability of vaccinations in this vulnerable group of patients.

Prevention and management of COVID-19 in leukemia patients
General care recommendations

An international panel of hematologists and oncologists specialized in leuke-
mia, myeloid neoplasms, and transplant care provided sets of key recommen-
dations for leukemia care during the pandemic [28••]. Summary of the main
recommendations included shifting the patient care to the outpatient setting
and /or telehealth as feasible and individualizing the need for an in-person
follow-up and testing; advance care planning especially for patients with poor
prognosis; maintaining a hemoglobin serum concentration ≥7 g/dL and avoid
prophylactic transfusions during times of severe blood product shortages;
consider liberal use of growth factor support in patients without COVID-19 to
minimize neutropenia; avoid the use of growth factors in patients with moder-
ate to severe COVID-19 infection to protect against rare but potential risk of
exacerbating COVID-19-related inflammatory pulmonary injury; continue pa-
tient accrual in therapeutic and late salvage clinical trials offering the only viable
treatment option for patients while enrollment on clinical trials of commercial-
ly available standard-of-care therapies should be re-evaluated during pandemic
surges [28••].

Vaccination among non-hospitalized patients
The immunosuppressed state of people with leukemia has been a concern since
the beginning of the COVID-19 pandemic. The development of COVID-19
vaccines was an important milestone to reduce the risk of contracting and
developing severe COVID-19 symptoms [11]. Nevertheless, the immunocom-
promised state of patients with leukemia, a combination of disease and immu-
nosuppressive therapies, has raised questions regarding the effectiveness of
COVID-19 vaccines among people with leukemia [6, 29–31]. Some of the
strongest evidence regarding reduced antibody formation from COVID-19
relate to B-cell-depleting therapies, such as anti-CD20 monoclonal antibodies
(e.g., rituximab, ofatumumab, obinutuzumab) [29, 32, 33]. Specifically, Zeng
et al., using a study population comprised of patients with cancer and non-
cancer control health care workers (HCW), demonstrated CLL demonstrated a
lower mean antibody response than solid tumors and HCW controls; in com-
paring patients with CLL who were not prescribed B-cell-depleting therapy, B-
cell-depleting therapy use was associated with lower mean antibody levels [32].

Greenberger et al. conducted a prospective cohort study using The Leukemia
& Lymphoma Society National Registry to assess the serologic response of
patients with hematologic malignancies following mRNA vaccine [30]. Among
the patients with B-cell malignancies, 78% were seronegative prior to the third
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dose; and 65% demonstrated an increase in the antibody level after the third
dose of vaccine. Following three vaccine doses, 35% were still non-responders.
In subgroup analysis, among patients who had received anti-CD20 antibodies,
33% demonstrated seroconversion following only two doses, 9.5%
seroconverted following the third-dose of vaccine, and 57% did not sero-
convert even after the third-dose. BTK inhibitors (BTKi) appeared to be corre-
lated with poor antibody development following vaccination. Overall, the
study found many patients with hematologic malignancies were at risk of not
producing antibodies after two doses of the mRNA vaccines. Despite failure to
mount a full antibody response, the safety profiles of SARS-CoV-2 mRNA
vaccines were similar to age-matched healthy individuals supporting the NCCN
recommendations to vaccinate patients with hematologic malignancies [30].
Early evidence showed increased antibody titers in cancer patients who received
an additional vaccine dose with similar side effects to prior doses [29]. Howev-
er, in two participants with CLL treated with obinutuzumab in the prior year
remained seronegative. In another prospective study of patients on active
treatment for myeloproliferative malignancies (MPM), including chronic mye-
loid leukemia receiving the BNT162b2 vaccine, demonstrated a 5-week immu-
nogenic response of 88% seroconversion rate which was significantly higher
than multiple myeloma patients [34].

Further investigation is required to understand to what extent booster doses
may be able to improve antibody response among patients recently or currently
exposed active cancer treatments.

Patients with hematologic malignancies continue to be over-represented
among vaccinated patients with cancer who develop breakthrough COVID-19
infections [35], and were the highest among lymphoid and myeloid leukemia
compared to solid tumors [6]. Furthermore, the most recent evidence on
vaccine effectiveness and infection-acquired immunity showed two doses of
BNT162b2 vaccine were associated with initial short-term protection against
SARS-CoV-2 infection that waned in the following 6 months while infection-
acquired immunity boosted with vaccination remained high for more than 1
year after infection [36]. These findings collectively underscore the importance
of maintaining COVID-19 precautions including vaccination of close contacts,
masking, boosters, and social distancing. In August 2021, the FDA authorized a
third vaccine dose (preferably an mRNA-based vaccine) for certain immuno-
compromised individuals, including patients with leukemia, signifying an
immunocompromised person requires three doses of a COVID-19 vaccine to
be considered “fully vaccinated” [37].

Monoclonal antibodies among non-hospitalized patients
Patients with leukemia who develop COVID-19 are designated as immuno-
compromised and are managed accordingly. If the patient is not hospitalized,
then the standard recommendation is that the patient be provided a monoclo-
nal antibody authorized by the FDA’s COVID-19 Emergency Use Authorization
(EUA) [38]. The majority of the monoclonal antibodies available under the
EUA were developed to target the SARS-CoV-2 spike protein, which is used by
the virus to enter the cells of the infected host. Example monoclonal antibodies
include bamlanivimab/etesevimab, casirivimab/imdevimab, sotrovimab, and
bebtelovimab. At the time of the initial EUA, thesemonoclonal antibodies were
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recommended for patients with diagnosed COVID-19 and an underlying im-
munocompromised state. Tixagevimab/cilgavimab was created as a pre-
exposure prophylaxis against COVID-19 and recommended to be used for
patients who are considered moderate or severely immunocompromised due
to an underlying medical condition or treatment; have history of severe adverse
reaction to COVID-19 vaccine or its components; or may not mount an
adequate immune response to the vaccine.

While research on monoclonal antibodies is actively ongoing, mutations in
the spike proteins of Omicron variant have raised concerns regarding the
effectiveness of monoclonal antibodies. Specifically, the mutations are consid-
ered to most effect bamlanivimab/etesevimab and casirivimab/imdevimab. At
this time for theOmicron variant, sotrovimab and bebtelovimab are considered
most effective for non-hospitalized treatment purposes, while tixagevimab/
cilgavimab can be used as a pre-exposure prophylaxis, respectively [39].

Interventions among hospitalized patients
Similar to outpatient management of COVID-19, patients with leukemia are
categorized as being immunocompromised; furthermore, the changing nature
of the pandemic and treatment options should be carefully followed. At the
present time per the Infectious Disease Society of American IDSA guidelines,
there is evidence to suggest the following therapies may demonstrate effective-
ness among hospitalized patients with COVID-19: corticosteroids, tocilizumab,
sorilumab, remedesivir, baricitinib, tofacitinib [40]. Table 1, adapted from the
IDSA guidelines, categorizes use of hospitalized (severe vs. critical disease),
strength of evidence (suggest vs. recommend), and certainty of evidence (high,
moderate, low, and very low). Convalescent plasma therapy was also shown to
have a potential survival benefit and an estimated 40% reduction in 30-day
mortality in hospitalized patients with COVID-19 and hematologic cancer (HR,
0.60; 95% CI, 0.37–0.97). This association remained significant after

Table 1. COVID-19 treatment options for patients hospitalized with COVID-19 according to the Infectious Disease Society of
America (IDSA)

Treatment Hospitalized with
severe disease

Hospitalized with
critical disease

Strength of evidence Certainty of
evidence

Strength of
evidence

Certainty of
evidence

Baricitinib + remdesivir +
corticosteroids

Suggest use Moderate

Corticosteroids Suggest use Moderate Recommend use Moderate

Remdesivir Suggest use Moderate

Baricitinib + remdesivir Suggest use Low

Tocilizumab Suggest use Low Suggest use Low

Tofacitinib Suggest use Low

Sarilumab Suggest use Very low Suggest use Very low

These recommendations were adapted from guidelines v6.0.0—last updated January 12, 2022. Please see online version for IDSA most recent
updates and recommendations [40]
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propensity score matching (HR, 0.52; 95% CI, 0.29–0.92) and the protective
effects were sustained among patients admitted to the ICU and patients requir-
ing mechanical ventilation when compared to patients not receiving convales-
cent plasma [41].

Impact on therapy

Since the start of the pandemic, the infrastructure of daily cancer care has
dramatically changed: virtual visits with the cancer care team, more metic-
ulous planning of lab tests, and lower bar to reduce intensity of therapy or
substitute therapeutic options. Conversely, due to the lethal nature of acute
leukemia or potential treatment resistance with undue treatment discon-
tinuation, some treatment standards are immutable despite the pandemic.
The general consensus of practicing oncologists appears to be pragmatic in
relation to optimizing benefits, reducing risks, and considering the preva-
lence of local COVID-19 in treatment considerations, if appropriate. We
adapted information from the American Society of Hematology (ASH) to
create a simple comparison of treatments and considerations used for
different types of acute and chronic leukemia [40] (Table 2).

Blood or marrow transplantation

The European Society for Blood and Marrow Transplantation (EBMT), a
collaborative network of centers and individuals working in the field of
BMT and cellular therapy, has been updating their recommendations since
the start of the pandemic. The 17th version was published in January 2022
[42]. Immunosuppressed patients treated with BMT or CD19-directed
chimeric antigen receptor T cell (CAR-T) cell therapy should continue to
adhere to prevention practices limiting their exposure to COVID-19, isolate
for 14 days prior to transplant conditioning and avoid unnecessary in-
person clinic visits or opt to telemedicine as appropriate. To avoid harming
patients by delaying transplant or other treatment procedures, availability
of adequately trained staff, ICU beds, ventilators, as well as availability of
the stem cell product should be ensured prior to starting the transplant
procedure. One of the earlier studies during the pandemic retrospectively
examined clinical variables associated with COVID-19 severity and assessed
lymphocyte populations in patients diagnosed between March and
May 2020 [43]. Among 77 COVID-19 patients treated with BMT, 30-day
survival was 78%, worsening of graft-versus-host disease was not identified
among allogeneic BMT recipients, and there was a rapid recovery in lym-
phocyte populations across lymphocyte subsets. Comorbidities, infiltrates,
and neutropenia were associated with COVID-19 severe outcomes. Find-
ings from a CCC19 study showed rates of severe COVID-19 (36% v. 38%)
and 30-day mortality (23% v. 19%) were similar in patients treated with
BMT or CAR-T within a year of COVID-19 diagnosis compared to patients
who had not received such therapies within a year prior to COVID-19
diagnosis [15]. These findings supported the favorable clinical outcomes in
patients with COVID-19 treated with BMT for hematologicalmalignancy. A
risk-benefit assessment on a case-by-case basis should be evaluated, how-
ever, if a BMT or CAR-T candidate is infected with COVID-19 to avoid delay
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of treatment and potential progression of underlying disease. Use of
monoclonal antibodies, antivirals (remdesivir, paxlovid, and in less-grade
molnupiravir), convalescent plasma, and anti-inflammatory therapies in
reducing the risk of progression to severe COVID-19 should be considered
in such cases (Table 1). As for vaccination, the Centers for Disease Control
recommends that fully vaccinated BMT or CAR-T cell therapy recipients
should get revaccinated with a full schedule at least 3 months following
their treatment procedure.

Long-COVID/PASC impact on cancer management

Post-acute sequelae of SARS-CoV-2 (PASC) or long-COVID is an increasingly
recognized syndrome following COVID-19 infection. Multiple national and
international initiatives have been initiated to characterize the impact of PASC.
The RECOVER is a research initiative supported by the USNational Institutes of
Health (NIH) to understand, prevent, and treat PASC [https://recovercovid.org/
]. However, the prevalence and impact of PASC on survival of patients with
cancer remains unclear. Findings recently published from the OnCovid, an
active European registry study enrolling consecutive adult patients with a his-
tory of solid or hematological malignancy and a PCR-confirmed diagnosis of
COVID-19, reported a prevalence of PASC in up to 15% of patients with cancer,
13% of which were patients with hematological malignancy (2% of the total
sample) [44•]. Most common symptoms included fatigue and respiratory
symptoms. PASCwas associated with a severe COVID-19 infection and adverse-
ly affected survival and cancer-related outcomes. Permanent discontinuation of
cancer therapy, but not cancer treatment adjustments, increased risk of death
underscoring the consensus that fear of COVID-19 infection or PASC does not
justify drastic treatment changes or discontinuation [44•].

Management considerations in pediatric patients

Similar to adult cancer patients, centers treating pediatric cancers experienced a
dramatic drop in diagnosis rates early on in the pandemic [45]. Preliminary
evidence from six pediatric oncology centers in Italy, one of the earliest worst-hit
areas of the world, suggested anti-cancer treatments for pediatric patients could
continue safely without adjustment [45]. An early report from two US tertiary
pediatric referral centers highlighted the critical need tomaintain access to cancer
care irrespective of COVID-19 infection. Notable long gaps in new leukemia
diagnosis were observed and 75% of new pediatric leukemia/lymphoma diag-
noses required pediatric intensive care unit care, compared with a historic
monthly average of 12% (maximum 40%) during 2018–2019 [46]. Despite an
overall lower COVID-19 infection rate among children during the first waves of
the pandemic compared to adults, its indirect impact was shown to have unin-
tended consequences on morbidity in a vulnerable pediatric population.

In an effort to provide pediatric oncologists with data on the clinical course
and outcomes in children with cancer and COVID-19, the Pediatric Oncology
COVID-19 Case (POCC) Report registry was created to capture clinical and
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sociodemographic characteristics on children and young adults, 0–39 years of
age, treated for cancer and infected with COVID-19 across a 100+ US institu-
tions [47•]. In this US nationally representative sample of pediatric patients
with cancer and COVID-19, there was an overrepresentation of children under
the age of 21 years with hematologic malignancy and COVID-19 (65.8%)
compared to the general US childhood cancer population (38.3%) [48]. He-
matologic malignancy was associated with worse COVID-19 outcomes. Al-
though cancer treatment was changed in 44.9% of children and changes were
more common among hematologic malignancy (48.1%) than solid tumors
(44.9%), risk of change to therapy was the lowest among BMT patients. Patients
with hematologic malignancy were also more likely to receive COVID-19-
directed treatments. These findings support a similar COVID-19 risk profile in
pediatric hematologic malignancy patients to that of adults and are critical for
guiding prevention and management considerations in pediatric patients.
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