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Abstract

Patients with hematologic malignancies are particularly vul-
nerable to infections due to underlying humoral and cellular
immune dysfunction, cytotoxic chemotherapy regimens,
advanced age, and the presence of comorbid conditions. In-
fection from severe acute respiratory syndrome coronavirus
2, the causative agent of the COVID-19 pandemic, has be-
come a leading cause of death globally and has dispropor-
tionally affected this high-risk population. Here, we review
the cumulative evidence demonstrating worse outcomes for
patients with hematologic malignancies when compared to
patients with solid tumors and the general population. We
examine risk factors shared with the general population
(age, sex, comorbid conditions, and race) and those that are
cancer-specific (cytotoxic chemotherapy, progressive dis-
ease, and cancer type), all of which confer an increased risk
of severe COVID-19. Despite the historical exclusion of can-
cer patients from COVID-19 therapy trials, we review the
emerging evidence that patients with hematologic malig-

nancies benefit from specific treatments such as convales-
cent plasma. Although COVID-19 vaccines are significantly
less effective in this patient population, encouraging results
are observed in a subset of these patients after receiving a

booster dose. © 2022 S. Karger AG, Basel

Introduction

COVID-19, the disease caused by severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2), was classi-
fied as a pandemic by the World Health Organization
(WHO) in February 2020. As of January 2022, the CO-
VID-19 pandemic has resulted in over 340 million re-
ported cases globally, with about 5.5 million associated
deaths [1]. Here, we review the evidence that patients
with hematologic malignancies have a relatively high risk
of SARS-CoV-2 infection and related morbidity and
mortality. Although risk factors associated with severe
COVID-19 are highly prevalent in cancer patients, hema-
tologic malignancies are independently associated with
worse outcomes in COVID-19. Patients with hematolog-
ic malignancies are uniquely at risk by having underlying
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immune deficiency and receiving treatments that confer
significant immunosuppression, thus challenging pro-
viders when making decisions regarding timing and the
type of cancer-specific treatments. Given the underrepre-
sentation of patients with hematologic malignancies in
COVID-19 therapeutic trials and the unique needs of this
vulnerable population, this group requires a targeted
therapeutic approach. We address these questions by re-
viewing the available literature and providing recom-
mendations based on our findings.

COVID-19 Outcomes in Patients with Hematologic
Malignancies

The first studies from the initial epicenter of the CO-
VID-19 pandemic in China found an overrepresentation
of cancer patients in those infected with SARS-CoV-2
and worse outcomes for those requiring hospitalization
[2, 3]. Compared to patients in the general population,
patients with cancer and COVID-19 had an increased risk
of severe COVID-19 (defined by admission to the ICU or
death) at 39% versus 8% [2] and 53.6% versus 4.7% (with
28.6% versus 2.3% mortality) [3]. A limitation shared by
early studies and reports was the small number of cancer
patients and the scarce representation of cancer subtypes
in cohorts. The first large cohort of cancer patients with
COVID-19 recapitulated these initial findings by show-
ing that cancer patients with COVID-19 had higher mor-
tality (OR 2.34, 95% CI: 1.15-4.77) and a higher ICU ad-
mission rate (OR 2.84, 95% CI: 1.59-5.08) when com-
pared to patients without cancer [4]. Interestingly, it
found that patients with hematologic cancers (including
leukemia, lymphoma, and multiple myeloma) had the
highest death rate (33.33%) and ICU admission rate
(44.44%) of any population of patients with cancer. How-
ever, the number of patients with hematologic malignan-
cies in this cohort was small. These findings were repli-
cated in epicenters outside of China as the pandemic
spread. A study from the first wave in New York City re-
ported a similarly high mortality rate at 28% in a large
cohort of cancer patients with COVID-19 [5]. Notably,
mortality was higher in patients with hematologic malig-
nancies (37%) than those with solid malignancies (25%).

The first studies reporting outcomes in dedicated large
cohorts of patients with hematologic malignancies came
from Italy and Spain [6, 7]. In a cohort of 536 patients
with hematologic malignancies and COVID-19, with a
median follow-up of 20 days, overall mortality was 37%,
nearly a 2-fold increase in mortality (HR: 2.04, 95% CI:
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1.77-2.34) compared to the general population of Italian
patients with COVID-19 [6]. Additionally, among pa-
tients with hematologic malignancies, there was a 41-fold
increase in mortality of those with COVID-19 compared
to those without COVID-19 (41.3,95% CI: 38.1-44.9). A
caveat of this early study is a likely overestimation of mor-
tality due to an overrepresentation of hospitalized pa-
tients and low ICU utilization rate, suggesting a bias to-
ward enrollment of patients with severe disease and ra-
tioning of healthcare resources [8]. A similarly high rate
of severe disease and mortality (62% and 33%) was ob-
served in patients with hematologic malignancies and
COVID-19 compared to the general Spanish population
with COVID-19 (15% and 10%) [7]. The authors noted
that while most patients required hospitalization (87%)
and most deaths occurred in hospitalized patients, only
8% were admitted to the ICU.

To respond to the new challenges presented by the
pandemic, international groups of clinicians and scien-
tists created several patient registries [9]. One such regis-
try, the COVID-19 and Cancer Consortium (CCC-19),
originated early in the pandemic on social media, utiliz-
ing a REDCap-based survey tool to compile real-time ob-
servational data on the outcomes of patients with cancer
and COVID-19 at scale [10, 11]. An analysis of the first
1,000 patients in the CCC-19 registry revealed that 26%
of patients in this cohort experienced a composite end-
point of severe COVID-19 (including death, ICU level of
care, mechanical ventilation, and severe illness requiring
hospitalization) and had a 30-day mortality of 13% [10].
Patients with hematologic malignancies were found to be
at increased risk of severe COVID-19 (adjusted OR 1.77,
95% CI: 1.23-2.56). Over time, as the CCC-19 cohort
grew, analyses demonstrated increased COVID-19-spe-
cific mortality for patients with hematologic malignan-
cies as well [12]. Other registries replicated this finding
[13-16]. Specifically, the UK Coronavirus Cancer Moni-
toring Project was among the first registries to report on
the association between tumor type and outcomes in a
large cohort (1,044) of cancer patients with COVID-19
[13]. In their cohort, they found overall mortality of
30.6%, with more severe COVID-19 in patients with he-
matologic malignancies (leukemia, lymphoma, and my-
eloma) when compared to those with solid tumors (OR
1.57, 95% CI 1.15-2.15). Only leukemia was associated
with significantly higher mortality (OR 2.25, 95% CI:
1.13-4.57). Outcomes of the aforementioned studies are
summarized in Table 1.

Unique among patient registries is the American Soci-
ety of Hematology Research Collaborative (ASH RC)
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COVID-19 registry, which provides real-time data in a
dashboard, reporting outcomes in patients with CO-
VID-19 and hematologic conditions (including nonma-
lignant) across the globe [17]. The authors observed a
mortality rate of 28% and 42% in those hospitalized in
their report on the outcomes of the first 250 patients [18].
Interestingly, they noted that 16% of patients declined
ICU care in lieu of palliative measures (most of whom
died). In contrast, almost half of the hospitalized patients
with a physician-estimated prognosis of more than 12
months who received maximal supportive care survived.
Unfortunately, no studies have yet reported the context
in which decisions to admit patients with COVID-19 and
hematologic malignancies to an ICU are made, and such
data are difficult to collect in registries.

These data need to be contextualized in the setting of
global trends in care and outcomes for patients with can-
cer and COVID-19. Early in the pandemic, it seems plau-
sible that patients with cancer may have been dispropor-
tionately denied access to the appropriate level of care due
to limited ICU resources, which necessitated rationing of
care. The first systematic review and meta-analysis of pa-
tients with cancer and COVID-19 admitted to the ICU
showed an overall mortality of 60.2% with an increased
risk among those with hematologic malignancies (OR
1.88,95% CI: 1.17-3.01) [19]. However, the authors point
out that this mortality rate is not prohibitively high to au-
tomatically bar admission to an ICU. Despite this, sev-
eral studies showed a relatively low ICU admission rate
despite the high mortality rate of patients with COVID-19
and hematologic disease [6, 7, 10, 18, 20]. This evidence
suggests that this patient population may have been de-
prived of proper resource allocation, at least early in the
pandemic. Despite high mortality for patients with hema-
tologic malignancies, they should not be disqualified
from receiving intensive treatment when appropriate.

In addition to disposition, the overall outcomes of pa-
tients with cancer and COVID-19 have improved since
the first outcomes studies [16]. In the early phases of the
pandemic, little was known about best practices for treat-
ing COVID-19. Patients diagnosed with COVID-19 dur-
ing this time did not have access to therapies that were
later found to have benefit, such as dexamethasone, rem-
desivir, and therapeutic monoclonal antibodies. Addi-
tionally, unproven treatments such as hydroxychloro-
quine were widely used off label; in some studies, such as
the first CCC-19 study, such therapies were associated
with worse outcomes for patients with cancer and CO-
VID-19. New reports from the CCC-19 group suggest
that cancer patients recently diagnosed with COVID-19

COVID-19 in Patients with Hematologic
Malignancies

Table 1. Outcomes of patients with hematologic malignancies and COVID-19

Lymphoid
ALL, %

Myeloid
AML, %

Study

NHL, % plasma cell unspecified

HL, %

unspecified
myeloid

MPN

MDS, %

lymphoid, %

dyscrasia, %

106

38 222 37
33 34
49

31

17

33

16
13

19
15
26

83

49 41
42

51

43

Passamonti et al. [6]

137
458

232

296

27

65
334

61 78 22
497 279

44

Garcia-Suarez et al. [7]

135 1,558

11

169

42 26

40

Pagano et al. [16, 93]
Grivas etal.[12]

641

17%

16

220

18%

Percentages reflect the mortality rates. Numbers in italics represent the samples sizes. AML, acute myeloid leukemia; MDS, myeloid dysplastic syndrome; MPN, myelopro-

liferative neoplasms, including Ph+ and Ph—; ALL, acute lymphocytic leukemia; HL, Hodgkin’s lymphoma; NHL, non-Hodgkin’s lymphoma.
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have better outcomes than earlier during the pandemic
[12]. Despite this trend of improved outcomes, the rela-
tively increased risk of severe COVID-19 seen in patients
with cancer has persisted. There remains an urgent un-
met need to comprehensively understand the root causes
of increased mortality to optimize mitigation strategies
for this vulnerable population. In sum, numerous studies
have consistently demonstrated that patients with hema-
tologic malignancies experience higher rates of severe
COVID-19 than control groups of patients with and
without cancer.

Noncancer-Related Risk Factors

The etiology of the increased risk of severe COVID-19
in patients with hematologic malignancies is likely mul-
tifactorial and may include factors unrelated to the pri-
mary malignancy. Patients with hematologic malignan-
cies are disproportionately likely to have noncancer-re-
lated risk factors for severe COVID-19, such as older age
and male sex. Data from the US Surveillance, Epidemiol-
ogy, and End Results registry report a median age-group
at diagnosis of 65-74 years old for patients with acute
myeloid leukemia (AML), MM, and CLL with male to fe-
male ratios of 1.4, 1.5, and 1.9, respectively [8]. The risk
of severe COVID-19 increases above the age of 40 years,
with monotonic increments in COVID-19 severity with
increased age [6]. Pediatric patients with cancer and CO-
VID-19 seem to fare significantly better, with 4% mortal-
ity for those less than 18 years of age compared to 34% for
those older than 60 years of age [21]. Since older age is
consistently associated with worse COVID-19 outcomes,
the advanced age of many patients with hematologic ma-
lignancies increases their baseline risk of severe CO-
VID-19.

Multiple studies have identified male sex as a factor as-
sociated with worse COVID-19 outcomes in both the
general population and patients with cancer. For exam-
ple, a large meta-analysis including 90 studies with over
3 million cases reported that males had a higher likeli-
hood of ICU admission (OR = 2.84, 95% CI: 2.06-3.92)
and higher risk of death (OR = 1.39, 95% CI: 1.31-1.47)
compared to females [22]. Similarly, patients with poor
performance status, generally defined as an ECOG per-
formance status greater than or equal to 2, have worse
outcomes than patients with ECOG performance statuses
of 0 or 1 [10, 12, 23-25]. In addition, comorbidities such
as obesity, cardiovascular disease, pulmonary disease, re-
nal disease, and diabetes mellitus are also risk factors for
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severe COVID-19 in patients with cancer [12]. Out of
these, renal disease appears to be more consistently asso-
ciated with worse outcomes in cohorts of patients with
hematologic malignancies and COVID-19 [26, 27].

COVID-19 severity has been linked to the degree of
inflammation and subsequent immune response, with
cytokine storm leading to worse outcomes [28, 29]. This
has led to the development of predictive models that in-
corporate markers of inflammation, immune, and organ
function [30]. Although there are no reports on the pre-
dictive value of such biomarkers specifically in patients
with hematologic malignancies, several studies have rep-
licated the findings observed in the general population of
patients with cancer [12, 24, 25]. Abnormal biomarkers
of inflammation and immune dysregulation have been
associated with increased rates of severe COVID-19.
These include C-reactive protein, interleukin-6 (IL-6),
TNEF-alpha, ferritin, and D-dimer. In addition, abnor-
malities in the complete blood count, including low plate-
lets, low or high absolute lymphocyte count, high abso-
lute neutrophil count, and increased neutrophil-to-lym-
phocyteratio, have been associated with worse COVID-19
outcomes [31]. As patients with hematologic malignan-
cies have complete blood count abnormalities associated
with their diseases, the independent effects of complete
blood count abnormalities and hematologic malignan-
cies on COVID-19 outcomes are not well-understood.
Lastly, markers of tissue damage, such as serum creati-
nine and troponin, may reflect irreversible deficits due to
COVID-19 and are associated with increased COVID-19
severity in patients with cancer [12].

Reports early in the pandemic raised concerns for a
disproportionate impact of COVID-19 on racial and eth-
nic minorities [32, 33]. Some hematologic malignancies
are more common in racial and ethnic minorities, such as
multiple myeloma in Black patients and acute lympho-
blastic leukemia in Hispanic patients. These disparities
may contribute to the increased COVID-19 severity seen
in patients with hematologic malignancies. A systematic
review reported disproportionally higher rates of SARS-
CoV-2 infections and COVID-19-related mortality
among Black and Hispanic patients [34]. The authors
identified decreased access to healthcare and increased
exposure risk as likely contributing to this disparity.
Among patients with cancer, the COVID-19 and Cancer
Outcomes Study (CCOS) found that Black and Hispanic
patients had higher infection rates compared to White
patients [35]. They also reported a decreased utilization
rate of telehealth visits among minorities and increased
treatment delays among Hispanic patients. Early data
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from the CCC-19 reported that Black patients with cancer
and COVID-19 were half as likely to receive remdesivir,
a therapy that has shown a modest benefit in patients hos-
pitalized with severe COVID-19 [36]. An updated report
from the CCC-19 noted that non-White race/ethnicity
was associated with higher COVID-19 severity and that
non-Hispanic Black patients had higher 30-day mortality
[12]. Among patients with hematologic malignancies, an
early report on patients with multiple myeloma and CO-
VID-19 identified race and ethnicity as the most signifi-
cant risk factors for worse outcomes among those hospi-
talized [37]. In a systemic review and meta-analysis of
patients with hematologic malignancies, non-White pa-
tients had an estimated 2-fold higher risk of death from
COVID-19 when compared to White patients (RR 2.2,
95% CI: 1.3-3.8) [21].

Cancer-Specific Risk Factors

The increased prevalence of noncancer-related risk
factors for severe COVID-19 in patients with hematolog-
ic malignancies is critical. However, disease-related fac-
tors, such as cancer status, cancer type, stage, and treat-
ment history, play a significant role in the increased risk
of severe COVID-19 experienced by patients with hema-
tologic malignancies [38]. The first systematic review and
meta-analysis of outcomes in patients with hematologic
malignancies and COVID-19 described these disparities
[18]. The authors found an overall case mortality rate of
34% (95% CI: 28-39%, N = 3,240). However, they found
differences in outcomes among different cancer types,
with patients with acquired bone marrow failure and
acute leukemia having the highest mortality rates at 53%
and 41%, respectively. Using multivariable Cox regres-
sion analysis, AML (adjusted OR 3.49, 1.56-7.81), indo-
lent non-Hodgkin lymphoma (adjusted OR 2.19, 95% CI:
1.07-4.48), aggressive non-Hodgkin lymphoma (adjust-
ed OR 2.56, 95% CI: 1.34-4.89), and plasma cell neo-
plasms (adjusted OR 2.48, 95% CI: 1.31-4.69) were found
to be associated with worse outcomes than a control pop-
ulation of patients with chronic myelogenous leukemia
[6]. Several other studies demonstrate a worse prognosis
for patients with AML and COVID-19 when compared
to patients with hematologic malignancies as a whole [7,
13, 16]. It is unclear why patients with AML appear to
have worse outcomes. However, these patients often have
an increased risk of infections due to prolonged periods
of impaired innate and adaptive immunity that is malig-
nancy and treatment-related. In addition, due to the ag-

COVID-19 in Patients with Hematologic
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gressive biology of disease, these patients may have high-
er disease-related mortality in the setting of holding ther-
apy to allow convalescence from COVID-19. It would be
helpful for future studies to tease out the differences be-
tween COVID-19-related mortality and overall mortality
in this group to better assess the specific mortality risk
attributed to COVID-19.

The biologic mechanisms by which hematologic ma-
lignancies confer increased risk for worse outcomes in
COVID-19 have not been fully elucidated. The degree of
immune dysfunction associated with hematologic malig-
nancy is disease-specific and is influenced by the disease
stage and type of cancer-directed therapy. Emerging evi-
dence suggests that dysregulated humoral and cellular
immune response to SARS-CoV-2 in patients with cancer
could partly explain the differences in outcomes [39].
Corroborating prior studies, patients with hematologic
malignancies had higher overall mortality when com-
pared to patients with solid tumors (55% vs. 33%, p =
0.075). Interestingly, the authors found that the immune
phenotypes associated with SARS-CoV-2 infection were
similar in patients with solid tumors and in those without
cancer. Importantly, patients with hematologic malig-
nancies had significant B-cell and humoral immunity de-
fects but appeared to have better outcomes when able to
mount an appropriate CD8+ T-cell response. Patients
with hematologic malignancies (including AML, MM,
and CLL) have features of T-cell dysfunction (senescence
and exhaustion) at diagnosis [40-42]. However, the de-
gree of T-cell dysfunction and response to COVID-19
among patients with the various hematologic malignan-
cies has not been thoroughly characterized. It would be
interesting for future studies to assess whether such dif-
ferences contribute to the observed variation in out-
comes, for example, whether the increased T-cell dys-
function seen in AML contributes to worse COVID-
19-specific outcomes.

Despite a beneficial compensatory T-cell response in
patients with cancer and COVID-19, there is an associa-
tion between increased mortality and blunted humoral
immune response [39]. This implicates an essential role
for B cells and derived antibody response in SARS-CoV-2
infection. Other studies have reported that a coordinated
SARS-CoV-2-specific adaptive immune response, which
diminishes with aging, is associated with less severe CO-
VID-19 [43]. Therefore, patients with B-cell malignancies
are particularly at risk of severe COVID-19 due to com-
promised B-cell function and advanced age (median age
of 70 years at diagnosis). Patients with hematologic malig-
nancies receiving cellular therapies (stem-cell transplant
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and CAR-T cells) also appear especially susceptible to CO-
VID-19 due to the significant depth and duration of im-
mune suppression associated with these treatments. An
early study out of Memorial Sloan Kettering looking at the
outcomes of patients with COVID-19 after receiving cel-
lular therapies showed an overall survival of 78% at 30
days [44]. The authors noted that active malignancy such
as relapsed leukemia drove mortality in their cohort. Re-
ports from the Center for International Blood and Mar-
row Transplant Research (CIBMTR) and the European
Society for Blood and Marrow Transplantation (EBMT)
show an overall survival in patients undergoing alloge-
neic stem-cell transplant (allo-SCT) at 68% and 78%, re-
spectively, and in those undergoing autologous stem-cell
transplantat 67% and 72%, respectively [45, 46]. Concern-
ingly, the mortality rate in those receiving CAR-T cells has
been recently reported to be substantial [16, 47]. In a large
European cohort of CAR-T cells patients with COVID-19
infection, 66.7% of patients had severe disease, 43.3% re-
quired ICU admission, and the COVID-19-related mor-
tality was 33% [47]. Altogether, these data suggest that de-
spite the immunosuppression associated with cellular
therapies, the mortality in this group of patients is likely
driven by the underlying disease state.

Patients with progressive cancer appear to be at excep-
tionally high risk of poor outcomes in the setting of active
COVID-19, across several studies [4, 10, 12, 14, 24]. This
finding has held in populations of patients specifically
with hematologic malignancies [6, 20, 23, 26]. In general,
these studies report a 2-3-fold increased risk in overall
mortality associated with active or progressive malignan-
cy. This association is likely multifactorial. Hematologic
malignancies themselves impair humoral and cellular im-
munity, and patients with hematologic malignancies ex-
perience disease-related immunosuppression. In addi-
tion, these patients have often been exposed to one or
more lines of antineoplastic therapy for their hematolog-
ic malignancies, which can have persistent immunosup-
pressive effects. As such, patients with progressive hema-
tologic malignancies are experiencing detrimental effects
of disease and treatment on the immune system simulta-
neously, which can contribute to worse outcomes in the
setting of COVID-19.

The Impact of Chemotherapy on Outcomes
Although many cancer therapies are associated with

some degree of immune suppression, the specific depth,
duration, and type of immunosuppression are highly
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variable. To that end, studies examining the association
between the recent administration of cytotoxic chemo-
therapy and outcomes in patients with cancer and CO-
VID-19 have produced conflicting results. Some studies
show an association between antineoplastic therapy and
COVID-19 severity [12, 13, 25], and others report no as-
sociation [6, 10, 21, 48]. It is likely that the risk of CO-
VID-19 is widely divergent and depends on the specific
antineoplastic therapies received. To date, no study has
had a sufficient sample size to investigate individual regi-
mens and therapies appropriately. In a meta-analysis ear-
ly in the pandemic, patients who received recent system-
ic anticancer therapy compared to no treatment had a RR
of death of 1.17 (95% CI: 0.83-1.64, N = 736) [21]. A lack
of statistically significant excess risk of death was pre-
served in a subgroup analysis of patients receiving cyto-
toxic chemotherapy (RR 1.29, 95% CI: 0.78-2.15). How-
ever, the authors noted significant heterogeneity regard-
ing the definition of “recent chemotherapy” used among
the analyzed studies with ranges in the timeline of che-
motherapy administration of 1-3 months. In an analysis
of CCC-19 data, there was a high mortality rate among
patients with hematologic malignancies in those receiv-
ing R-CHOP-like systemic chemotherapy (45%, n = 22,
diffuse large B-cell lymphoma [DLBCL] being the most
common indication) and hypomethylating agents (50%,
n =12, myeloid dysplastic syndrome being the most com-
mon indication) [12]. Interestingly, they found a para-
doxically low mortality rate (10%, n = 10) among patients
with multiple myeloma receiving combination therapy
with daratumumab, immunomodulatory drugs, and ste-
roids despite the expected high degree of immunosup-
pression with this regimen. However, they noted consid-
erable heterogeneity among the cytotoxic regimens re-
ported in the study and that no regimen was received by
more than 31 patients, thus limiting the power to detect
clinically and statistically significant effects. Altogether,
this study demonstrates no clear relationship between the
degree of immunosuppression associated with specific
cytotoxic chemotherapies and their corresponding out-
comes in patients with hematologic malignancies and
COVID-19.

A large cohort of patients with lymphoma and CO-
VID-19 reported a mortality rate of 34.5%, with a median
follow-up at 27 days [20]. Notably, the authors found that
active disease was associated with a significant increase in
the risk of death (HR: 2.43, 95% CI: 1.23-4.77), while ac-
tive treatment and type of treatment were not. The au-
thors also noted that patients with DLBCL had reduced
survival compared to patients with follicular lymphoma
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(50% vs. 80% survival, HR: 2.66, 95% CI: 1.35-5.247). A
greater proportion of patients with DLBCL (27/33,81.8%)
were on active CHOP-like chemotherapy when com-
pared to patients with follicular lymphoma (22/54,
40.7%). Similarly, in a cohort of patients with myeloid
dysplastic syndrome and COVID-19, the reported mor-
tality rate was very high at almost 48% [49]. Most de-
ceased patients (17/30) had high or very high IPSS-R
prognostic scores, and as a result, the use of hypomethyl-
ating agents was overrepresented in the group of deceased
patients (15/30) compared to those alive (5/33). The pres-
ence of active disease may confound these results, and
these studies are as of yet underpowered to assess the in-
dependent associations of therapy and disease status with
outcomes. Given the conflicting findings in the literature,
there is a need for larger cohorts of subtype-specific pa-
tients with hematologic malignancies to study further the
relationship between specific cancer-targeted therapies
and COVID-19-specific outcomes.

Despite the unclear association between cytotoxic che-
motherapy and outcomes in patients with hematologic
conditions and COVID-19, some exciting reports suggest
a protective effect from cancer-directed therapies [50,
51]. Specifically, COVID-19 severity has been linked to a
hyperinflammatory immune response. Therefore, it has
been postulated that targeting cytokine production and
macrophage activation with JAK and BTK inhibitors
could improve outcomes [52, 53]. In a large cohort of pa-
tients with myeloproliferative neoplasms and COVID-19,
the overall survival was reported at 28.6%, with a worse
prognosis among patients with myelofibrosis (48%) [50].
Interestingly, the authors found high mortality (40%) in
the ruxolitinib treatment group. However, they found
that the mortality was mainly accounted for by those who
had rapid treatment discontinuation (75% of deaths). Us-
ing logistic regression and sensitivity analysis by propen-
sity score matching, they determined that there was no
association between ruxolitinib treatment and overall
mortality, but instead, there was a significant increase in
mortality associated with its discontinuation. This was
not the case for hydroxyurea, the other most common
treatment modality reported in the study. These results
suggest a potential protective effect for ruxolitinib in pa-
tients with hematologic malignancies, although more
data are needed.

Notably, in a European cohort of CLL patients with
COVID-19, there was an overall significant decrease in
hospitalization rate for severe COVID-19 in those on
ibrutinib (OR 0.44, 95% CI: 0.20-0.96) when compared
to those on other regimens or off treatment [51]. Addi-

COVID-19 in Patients with Hematologic
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tionally, a small case series out of the UK reported worse
outcomes in treatment-naive CLL patients with CO-
VID-19 [54]. However, another large cohort of CLL pa-
tients with COVID-19 did not show any association be-
tween the use of BTKi and outcomes, although most pa-
tients discontinued their BTK inhibitor at COVID-19
diagnosis [27]. A revised and updated report showed im-
proved outcomes in later cohorts of patients with CLL
and COVID-19 during the pandemic [55]. The authors
attributed these improvements to the use of new CO-
VID-19 directed therapies, but interestingly, they also
noted a significant difference in BTKi discontinuation
between the early (76%) and later cohorts (20%). The po-
tential protective effects of ibrutinib have also been re-
ported in patients with Waldenstrém macroglobulinemia
with COVID-19, where it was noted that these patients
had a milder disease course [56]. However, a phase II tri-
al of acalabrutinib (NCT04346199) in the general popula-
tion failed to reach its primary endpoint of improving
mortality and respiratory failure in patients with CO-
VID-19.

In general, a consensus on the effect of antineoplastic
therapy on the outcomes of patients with cancer and CO-
VID-19 does not emerge from a review of the literature
on this topic. As we have previously stated, however, pro-
gressive malignancy is a clear and robust risk factor for
severe COVID-19. In general, optimizing control over
the primary malignancy to the extent possible should be
seen as a potential primary prevention strategy against
COVID-19.

COVID-19 Therapeutics in Patients with Hematologic
Malignancies

To date, several large clinical trials in the general pop-
ulation have reported on the effectiveness of specific CO-
VID-19 targeted therapies. Those that have been reported
to improve outcomes include dexamethasone [57], rem-
desivir [58], tocilizumab [59], and monoclonal antibodies
(only in those who were seronegative) [60]. The following
therapies have not shown any benefits in the general pop-
ulation of patients with COVID-19: azithromycin [61],
hydroxychloroquine [62], lopinavir-ritonavir [63], and
convalescent plasma [64-66]. However, patients with he-
matologic malignancies were often excluded from or un-
derrepresented in these studies, making the findings dif-
ficult to extrapolate to this population. Therefore, the ev-
idence in this setting is guided mainly by retrospective
cohort studies of patients with hematologic malignancies
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and COVID-19. An early report from the CCC-19 regis-
try showed an increase in mortality in patients with can-
cer receiving hydroxychloroquine in combination with
other therapies and no benefit in those receiving hy-
droxychloroquine alone or high-dose steroids [36]. How-
ever, they reported a survival benefit for those treated
with remdesivir, although not statistically significant.
Similarly, an early cohort of patients with hematologic
malignancy and COVID-19 showed no survival benefit
from hydroxychloroquine, but it demonstrated a survival
benefit from azithromycin and low-dose prednisone [23].
Remdesivir use was very limited early in the pandemic, at
least in cohorts of patients with hematologic malignan-
cies. A more recent study out of Israel reported a de-
creased mortality rate in patients with COVID-19 and he-
matologic malignancies receiving remdesivir and no ben-
efit in those receiving steroids or convalescent plasma
[67]. Although the FDA granted emergency use authori-
zation (EUA) for two oral antiviral medications, ritona-
vir-boosted nirmatrelvir (NCT04960202) and molnupi-
ravir (NCT04575597), there are no published data about
the efficacy of these agents in patients with hematologic
malignancies [68, 69].

Convalescent plasma has been proposed as a poten-
tially effective intervention to overcome deficient humor-
al immunity in patients with hematologic malignancies
and COVID-19. These patients have impaired serocon-
version due to COVID-19 infection and COVID-19 vac-
cination, and the biologic rationale for using viable anti-
bodies from a recovered donor is strong [70]. Thompson
and et al. [71] conducted a retrospective cohort study on
propensity score-matched patients with hematologic ma-
lignancies and COVID-19 from the CCC-19 registry. The
authors found that the use of convalescent plasma was
associated with a lower 30-day mortality (HR: 0.60, 95%
CI: 0.29-0.92) and lower mortality in those admitted to
an intensive care unit (0.4, 95% CI: 0.2-0.8) or receiving
mechanical ventilation (0.32, 95% CI: 0.14-0.72). Unfor-
tunately, the effectiveness of convalescent plasma for the
treatment of COVID-19, in general, has been controver-
sial. Some meta-analyses show that this intervention is
beneficial [72, 73], while others do not show a benefit [74,
75]. In general, the randomized trials of convalescent
plasma in patients with COVID-19 have been negative
[64-66]. In addition, there are methodological concerns
with the studies’ heterogeneity in the timing of applica-
tion, case severity, dosage, and patient characteristics,
with the evidence suggesting that it is most effective when
used early and at high titers [72]. Moreover, patients with
hematologic malignancies might represent a special
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group that benefits from this treatment modality due to
their immunocompromised state at baseline. Future clin-
ical trials with higher inclusion of patients with hemato-
logic malignancies are necessary to address this question.

Therapeutic monoclonal antibodies have demon-
strated a more consistent benefit than convalescent
plasma. There have been three monoclonal antibody
combinations under EUA by the US Food and Drug
Administration in the USA: bamlanivimab-etesevimab
(NCT04427501), casirivimab-imdevimab (NCT04992273),
and sotrovimab (NCT04913675). These agents have
generally shown the most benefit in outpatients at high
risk of developing severe COVID-19. Given better trial
results in the general population of patients with CO-
VID-19, it is plausible that the benefit of therapeutic
monoclonal antibodies in patients with hematologic
malignancies and COVID-19 is greater than the benefit
associated with convalescent plasma. Data on this spe-
cific population, though minimal, are promising. In
one single-center retrospective study, 42 patients with
cancer in general and COVID-19 received therapeutic
monoclonal antibody preparations, mostly bamla-
nivimab-based [76]. Of these, 5 (12%) were admitted to
the hospital, with only one (2%) requiring an ICU level
of care. A retrospective study of patients with mild or
moderate COVID-19, ~7% of whom were immuno-
compromised, demonstrated a significant decrease in
hospitalization [77]. Although uncontrolled, these out-
comes are better than those shown in larger cohorts.
Additional study of these agents in patients with hema-
tologic malignancies is needed, including prospective
studies of these agents administered in novel settings,
such as high-risk exposures.

An inflammatory cytokine signature, driven by IL-2
and TNF-alpha signaling, has been implicated in SARS-
CoV-2infection severity and associated with outcomes of
COVID-19 infection [29]. This led to the design of ran-
domized clinical trials to assess the effectiveness of IL-6
antagonists, mainly tocilizumab, in reducing morbidity
and mortality associated with COVID-19. Tocilizumab, a
humanized recombinant monoclonal antibody that binds
to membrane-bound and soluble IL-6, has been previ-
ously shown to be effective in treating CAR-T associated
cytokine release syndrome [78]. Studies looking at the ef-
fectiveness of tocilizumab in decreased COVID-19 asso-
ciated mortality have shown mixed results, with some re-
porting a benefit [59, 79, 80] and others no benefit [81,
82]. A prospective meta-analysis of randomized trials
showed reduced 28-day all-cause mortality with the use
of IL-6 antagonists in COVID-19 [83]. A meta-analysis
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demonstrated that tocilizumab is associated with reduced
30-day mortality, ICU admissions, mechanical ventila-
tion, and superinfection rates in patients with COVID-19
not admitted to the ICU [84]. A randomized clinical trial
of tocilizumab for the treatment of COVID-19 specifical-
ly in patients with cancer and COVID-19 (NCT04370834)
was stopped prematurely after only enrolling 1 patient
[81]. Currently, there is one clinical trial actively enrolling
patients with breast cancer and COVID-19 to assess the
efficacy of tocilizumab in this specific population
(NCT04871854) but none specific to patients with hema-
tologic malignancies.

The most effective strategy to prevent COVID-19 in-
fections, related hospitalizations, and mortality is vacci-
nation [85]. However, emerging data suggest that patients
with hematologic malignancies have decreased immuno-
genic response to COVID-19 immunization [86-88].
This is more pronounced in patients with B-cell malig-
nancies, those receiving CAR-T cells and undergoing al-
lo-SCT, and in those having received recent anti-CD20
antibodies (particularly in the 6 months before CO-
VID-19 diagnosis) [89-91]. Notably, patients with hema-
tologic malignancy are less likely to have a humoral im-
mune response, albeit having a cellular immune response
to vaccines, exacerbated by anti-CD20 and small-mole-
cule therapies [92]. Interestingly, this discordant response
seems to be more prevalent with BNT162b2 (BioNTech,
Pfizer) and not mRNA-1273 (Moderna) [92]. Despite
these challenges, a significant decrease in overall mortal-
ity has been reported for patients with hematologic ma-
lignancies and COVID-19 in the postvaccination period
compared to pre-vaccination at 12.4% versus 31%, re-
spectively [93]. Recent novel developments in the use of
monoclonal antibodies for pre-exposure prophylaxis in
immunocompromised patients are promising. The FDA
granted tixagevimab-cilgavimab (Evusheld) an EUA after
the PROVENT trial (NCT04625725) and demonstrated
that this agent resulted in a 77% reduction in COVID-19
infections at 6 months [94].

Conclusions

Patients with COVID-19 and hematologic malignan-
cies have increased mortality and more severe disease
than patients with COVID-19 and solid tumors or the
general population. Patients with hematologic malignan-
cies have a high prevalence of general risk factors (older
age, smoking, and comorbid conditions) associated with
COVID-19 severity. However, it appears that tumor type

COVID-19 in Patients with Hematologic
Malignancies

and active and progressive disease are independently as-
sociated with worse outcomes. Partly explaining these
differences in outcomes is emerging data showing hu-
moral and cellular immune dysfunction with resulting
impaired immunogenic response to SARS-CoV-2 infec-
tion in patients with hematologic malignancies. Howev-
er, additional studies are needed to further characterize
the immunogenic response in COVID-19 across hemato-
logic cancer subtypes and different disease stages. This
has made treatment decisions challenging as the treat-
ment itself often results in significant immunosuppres-
sion. In addition, there are conflicting data regarding the
association between recent chemotherapy administration
and outcomes in COVID-19. This is likely due to the sig-
nificant heterogeneity of clinical settings and relatively
small numbers of patient cohorts in which this question
has been examined. Future studies with larger cohorts of
patients with subtype specific hematologic cancers will
help address this issue.

Vaccination is the most effective treatment for pre-
venting SARS-CoV-2 infection and consequently pre-
vention of COVID-19 associated mortality and morbid-
ity. Unfortunately, patients with hematologic malignan-
cies have decreased immunogenic responses to vaccines.
This is more pronounced in patients with B-cell malig-
nancies, those who have received anti-CD20 antibody
therapy within 6 months, and CAR-T anti-CD19 and al-
lo-SCT recipients [91]. However, a significant proportion
of these patients still benefit from vaccination not only
from a humoral antibody response but also from a CD8+
T-cell response [39]. Therefore, the use of vaccines and
boosters should be encouraged.

Studies conducted earlier in the pandemic reported a
higher mortality rate with a relatively low ICU admission
rate for patients with hematologic malignancies, suggest-
ing issues with resource allocation at least early during the
pandemic. Although patients with hematologic malig-
nancies and COVID-19 have high overall mortality, they
still benefit from the escalation of care when clinically in-
dicated. Therefore, decisions regarding ICU admission
for this patient population should still follow the standard
of care clinical guidelines. Studies conducted later in the
pandemic report improved outcomes in patients with
COVID-19 and hematologic malignancies. This can like-
ly be attributed to a better understanding of effective CO-
VID-19-specific treatments, vaccination, and increased
availability of resources.

Patients with hematologic malignancies might benefit
from distinct COVID-19 directed therapies than patients
in the general population. Unfortunately, these patients
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have been underrepresented in clinical trials of CO-
VID-19 treatments. Despite negative results from ran-
domized control trials for the use of convalescent plasma,
retrospective data support this treatment for patients
with COVID-19 and hematologic malignancies. Specifi-
cally, it appears that early use of this treatment might be
beneficial. Similarly, the use of monoclonal antibodies
has shown some promise. Large randomized controlled
trials with higher recruitment of patients with hemato-
logic malignancies and COVID-19 will help shed more
light on this question. Additionally, cohort studies to as-
sess how COVID-19 directed treatments modulate the
immunogenic response to SARS-CoV-2 infection in pa-
tients with hematologic malignancies will be very infor-
mative.

The COVID-19 pandemic presents an evolving health-
care challenge to patients with and without cancer. How-
ever, patients with hematologic malignancies are particu-
larly susceptible to worse outcomes. Therefore, efforts
must be dedicated to a better understanding of the patho-
physiology of SARS-CoV-2 infections in this immuno-
compromised population. The emergence of new vari-
ants threatens to erase some of the advances that have
been made through vaccination and to lead to further
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