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ARTICLE INFO ABSTRACT

Keywords: Scientific data is limited on the risks, adverse outcomes and racial disparities for COVID-19 illness in individuals
COVID-19 ) ) with hematologic malignancies in the United States. To fill this void, we screened and analyzed a nation-wide
ngatologlc malignancies database of patient electronic health records (EHRs) of 73 million patients in the US (up to September 1st) for
Ris COVID-19 and eight major types of hematologic malignancies. Patients with hematologic malignancies had
Health outcomes . : . . . . . . .

Disparity increased odds of COVID-19 infection compared with patients without hematologic malignancies for both all-

time diagnosis (malignancy diagnosed in the past year or prior) (adjusted Odds ratio or AOR: 2.27
[2.17-2.36], p < 0.001) and recent diagnosis (malignancy diagnosed in the past year) (AOR:11.91
[11.31-12.53], p < 0.001), with strongest effect for recently diagnosed acute lymphoid leukemia (AOR: 31.03
[25.87-37.27], p < 0.001), essential thrombocythemia (AOR: 20.65 [19.10-22.32], p < 0.001), acute myeloid
leukemia (AOR: 18.94 [15.79-22.73], p < 0.001), multiple myeloma (AOR: 14.21 [12.72-15.89], p < 0.001).
Among patients with hematologic malignancies, African Americans had higher odds of COVID-19 infection than
Caucasians with largest racial disparity for multiple myeloma (AOR: 4.23 [3.21-5.56], p < 0.001). Patients with
recently diagnosed hematologic malignancies had worse outcomes (hospitalization: 51.9%, death: 14.8%) than
COVID-19 patients without hematologic malignancies (hospitalization: 23.5%, death: 5.1%) (p < 0.001) and
hematologic malignancy patients without COVID-19 (hospitalization: 15.0%, death: 4.1%) (p < 0.001).

epidemic is often guided by limited scientific evidence and made on the
basis of opinion rather than data [15-17].

1. Introduction

Coronavirus disease 2019 (COVID-19) is caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) and has rapidly
escalated into a global pandemic [1]. Comorbidities associated with
severe illness and mortality of COVID-19 include cardiovascular disease,
diabetes mellitus, hypertension, chronic lung disease, chronic kidney
disease and obesity [2-5]. Patients with cancer, including hematologic
malignancies, often have compromised immune status and multiple
comorbid conditions [6-10], many of which are also risk factors for
severe COVID-19 illness. Preliminary reports showed that COVID-19
patients with cancer had higher risks for severe outcomes [11-14].
With the onset of the COVID-19 pandemic, oncologists and oncology
centers have become concerned with the increased vulnerability of their
patients. Currently, oncologic decision making in the time of COVID-19

Hematologic malignancies are caused by uncontrolled growth of
abnormal blood cells, which prevent blood from performing many of its
functions, like fighting off infections or preventing serious bleeding
[18]. The effects of these malignancies and their therapies on the im-
mune system may put patients with hematologic malignancies at
particularly high risk of COVID-19 infection and its severe outcomes. An
early study from Wuhan, China showed that hospitalized COVID-19
patients with hematologic malignancies (n = 13) had similar infection
rate as patients without hematologic malignancies [19]. Studies also
showed that patients with hematologic malignancies from Wuhan,
China (n = 9) and New York, US (n = 54) had higher death rates and
other severe outcomes [20,21]. Clinical characteristics of COVID-19
patients with multiple myeloma (n = 8) and chronic myeloid
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leukemia (n = 5) were recently described [22,23]. However, there is a
knowledge gap regarding how COVID-19 affects patients with hemato-
logic malignancies in specific populations stratified by age, gender and
race.

2. Methods
2.1. Database description

We performed a case-control study using de-identified population-
level EHR data collected by the IBM Watson Health Explorys from 360
hospitals and 317,000 providers across 50 states in the US since 1999
[24]. The EHRs are de-identified according to the Health Insurance
Portability and Accountability Act (HIPAA) and the Health Information
Technology for Economic and Clinical Health (HITECH) Act standards.
After the de-identification process, curation process normalizes the data
through mapping key elements to widely-accepted standards [25].
Specifically, disease terms are coded using the Systematized Nomen-
clature of Medicine-Clinical Terms (SNOMED-CT), a global standard for
health terms that provides the core general terminology for EHRs [26].
The details of de-identification and normalization were described in an
early study using this database [27]. More than 160 published studies
have used this large-scale and standardized EHR database and the cloud-
based Explorys Cohort Discovery informatics tools to study a variety of
diseases including cardiovascular diseases, cancers, neurologic diseases,
infectious diseases, substance use disorders among others [28],
including our recent studies of COVID-19 in patients with substance use
disorders [29].

2.2. Study population

At the time of this study (September 1st, 2020), the database had
73,668,830 patients, among whom 517,580 diagnosed with hemato-
logic malignancies, 17,130 diagnosed with COVID-19, and 420 with
both COVID-19 and hematologic malignancies. The status of COVID-19
was based on diagnosis code ‘“Coronavirus infection (disorder)”
(Concept Code 186747009) and the diagnosis time frame was limited
within the past year to capture the timing of new cases arising during the
COVID-19 pandemic. The outcome measures were COVID-19 diagnosis,
rates of and hospitalization and death. The odds of COVID-19 infections
were examined in two populations: (1) all patients with hematologic
malignancies, who were previously diagnosed with and are living with
or in remission from hematologic malignancies; (2) patients with recent
hematologic malignancies patients (i.g. new cases) who were diagnosed
with the cancer within the past year. Eight specific types of hematologic
malignancies were examined: acute lymphoid leukemia, acute myeloid
leukemia, chronic lymphoid leukemia, essential thrombocythemia,
multiple myeloma, myelodysplastic syndrome, Non-Hodgkin lym-
phoma, and polycythemia vera. For HIPAA-compliant, statistical de-
identification, the IBM Watson Health Explorys Cohort Discovery plat-
form does not report cohort counts less than 10., therefore, hematologic
malignancies types with less than 10 cases for COVID-19 were not
investigated, including Hodgkin’s lymphoma, chronic myeloid leukemia
(CML), myelodysplastic syndrome, malignant histiocytic disorder, mast
cell malignancy, among other hematologic malignancies types.

The status of the broad term “hematologic malignancy” was based on
the diagnosis of “Malignant tumor of lymphoid, hemopoietic AND/OR
related tissue (disorder)” on SNOMED-CT Concept Code 26947500,
acute lymphoid leukemia on the diagnosis of “Acute lymphoid leukemia,
disease (disorder)” (SNOMED-CT code 91857003), acute myeloid leu-
kemia on the diagnosis of “Acute myeloid leukemia, disease (disorder)”
(SNOMED-CT code 91861009), chronic lymphoid leukemia on the
diagnosis of “Chronic lymphoid leukemia, disease (disorder)”
(SNOMED-CT code 92814006), essential thrombocythemia on the
diagnosis of “Essential thrombocythemia (disorder)” (SNOMED-CT code
109994006), multiple myeloma on the diagnosis of “Multiple myeloma
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(disorder)” (SNOMED-CT code 109989006), myelodysplastic syndrome
on the diagnosis of “Myelodysplastic syndrome (disorder)” (SNOMED-
CT code 109995007), Non-Hodgkin lymphoma on the diagnosis of
“Non-Hodgkin’s  lymphoma  (disorder)” (SNOMED-CT code
118601006), and polycythemia vera (disorder) on the diagnosis of
“Polycythemia vera (disorder)” (SNOMED-CT code 109992005).

The following analyses were performed: (1) odds of COVID-19
infection in patients with hematologic malignancies, adjusted for age,
gender, race, and known COVID-19 risk factors, including cardiovas-
cular diseases, type 2 diabetes, obesity, chronic kidney diseases, chronic
obstructive pulmonary disease (COPD), asthma, substance use disorders,
cancer therapy (chemotherapy, radiotherapy, immunotherapy), trans-
plant procedure (bone marrow transplant, solid organ transplant) and
nursing home stay status [2-5,29] . The exposure groups were patients
diagnosed with a specific hematologic malignancy, the unexposed
groups were patients without the specific malignancy, and the outcome
measure was COVID-19 diagnosis. Separate analysis was done for all-
time diagnosis of hematologic malignancy (diagnosed in the past year
or prior) and recent diagnosis of hematologic malignancies (diagnosed
within the past year). (2) effects of demographic factors on odds of
COVID-19 infection among patients with hematologic malignancies. The
case groups were patients with hematologic malignancies and one of the
following demographic factors: Female, Senior (age > 65 yo), African
American. The comparison groups were patients with hematologic ma-
lignancies and one of the following corresponding demographic factors
(Male, Adult (age 18-65), Caucasian), adjusted for known COVID-19
risk factors. The outcome measure was COVID-19 diagnosis. (3) rates
of hospitalization and death among three patient populations: patients
with COVID-19 and hematologic malignancies, COVID-19 patients
without hematologic malignancies, hematologic malignancy patients
without COVID-19.

2.3. Statistical analysis

The EHR data are de-identified population-level (not patient-level)
data, therefore we used odd ratios instead of performing regression
analyses. For a given input set of patient characteristics (e.g., age,
gender, race, diagnosis, finding, medications), the Explorys Explore
Cohort Discovery tool built a patient cohort by querying the underlying
EHR databases for patients matching the inputs. Patients with missing
values for the input queries were not included in the returned cohort.
The Adjusted OR (AOR), 95% CI and p-values were calculated using the
Cochran-Mantel-Haenszel (CMH) method [30] by controlling for age
groups: 5-year age categories (e.g., 20-24, 25-29, ...0.65-69, 70-74, ...)
were used for odds of COVID-19 infection analysis and three major age
categories (juniors age < 18 years, adults age 18-65 years, senior age >
65 years) were used for age disparity analysis, gender (Female, Male),
race (Caucasian, African American) and known risk factors for COVID-
19 [2-5,29]. Multiple comparisons were corrected by Bonferroni
correction. Two-sided, 2-sample test for equality of proportions with
continuity correction were used to compare outcomes. Statistical tests
were conducted with significance set at p-value < 0.05 (two-sided). All
analyses were done using R, version 3.6.3.

3. Results
3.1. Patient characteristics

The baseline characteristics of the study population (as of September
1st, 2020) are presented in Table 1. Among 73,668,830 patients from the
study population, 517,580 had an all-time diagnosis (diagnosis made
within the last year or prior), 56,680 had a recent diagnosis (diagnosis
made within the last year) of any hematologic malignancies (0.70% vs
0.08% of the study population), 17,130 patients diagnosed with COVID-
19, 420 patients had all-time and 270 had recent diagnosis of hemato-
logic malignancies (2.45% vs 1.58% of the COVID-19 population).
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Table 1
Patient characteristics. Number of cases and percentage (%) are shown. Only major categories of races are shown.
Patient Study Hematologic Hematologic COVID-19 COVID-19 + hematologic COVID-19 + hematologic
population malignancies (all-time) malignancies (recent) malignancies (all-time) malignancies (recent)
Total 73,668,830 517,580 56,680 17,130 420 270
Gender
Female 39,532,900 272,010 (53%) 29,860 (53%) 10,050 260 (62%) 160 (59%)
(54%) (59%)
Male 33,642,290 244,270 (47%) 26,190 (46%) 7060 160 (38%) 110 (41%)
(46%) (41%)
Unknown 507,990 1440 (<1%) 780 (1%) 40 (<1%) 0 (0%) 0 (0%)
(<1%)
Age
Junior (< 18) 10,569,970 10,800 (2%) 2180 (4%) 1110 (6%) 30 (7%) 20 (7%)
(14%)
Adult (18 to 44,101,640 200,640 (39%) 23,580 (42%) 11,980 210 (50%) 130 (48%)
65) (60%) (70%)
Senior (> 65) 18,025,500 302,110 (58%) 31,160 (55%) 4070 180 (43%) 120 (44%)
(24%) (24%)
Race
Caucasian 40,253,700 397,650 (77%) 42,290 (75%) 8460 230 (55%) 150 (56%)
(55%) (49%)
African 7,599,730 53,470 (10%) 7210 (13%) 6680 160 (38%) 100 (37%)
American (10%) (39%)
Asian 1,190,850 7480 (1%) 660 (1%) 160 (1%) 0 (0%) 0 (0%)
(2%)
Hispanic/ 1,054,410 4320 (<1%) 310 (<1%) 20 (<1%) 0 (0%) 0 (0%)
Latino (1%)
Unknown 9,030,700 63,640 (12%) 4770 (8%) 930 (5%) 30 (7%) 20 (7%)
(12%)

The numbers of patients with all-time and recent diagnosis of eight
major hematologic malignancies as well as COVID-19 cases for all-time
and recent cancer diagnosis are shown in Table 2. For example, a total of
61,580 patients were diagnosed with chronic lymphoid leukemia in the
past 20 years, among whom 8789 had their diagnosis made within the
past year. A total of 40 patients with all-time diagnosis of chronic
lymphoid leukemia had COVID-19, among whom 20 had recent diag-
nosis of chronic lymphoid leukemia.

3.2. 0dds of COVID-19 infection in patients with hematologic
malignancies

Patients with a recent diagnosis of hematologic malignancies had
higher odds of COVID-19 infection than patients without hematologic
malignancies after adjusting for age, gender, race and known COVID-19
risk factors (adjusted Odds ratio or AOR: 11.91 [11.31-12.53], p <
0.001). Of the eight hematologic malignancies types, patients with
recent diagnosis of acute lymphoid leukemia had the largest odds of
COVID-19 infection, followed by essential thrombocythemia, acute
myeloid leukemia, multiple myeloma, chronic lymphoid leukemia, Non-
Hodgkin lymphoma, myelodysplastic syndrome and polycythemia vera
(Fig. 1 top). Compared with patients with recent diagnosis of hemato-
logic malignancies, patients with all-time diagnosis had lower odds of
COVID-19 infection (AOR: 2.27 [2.17-2.36], p < 0.001), with the
strongest effect for acute lymphoid leukemia followed by essential

Table 2

thrombocythemia, multiple myeloma, acute myeloid leukemia, Non-
Hodgkin lymphoma, chronic lymphoid leukemia, polycythemia vera
and myelodysplastic syndrome (Fig. 1 bottom). Since 10.9% of patients
with all-time diagnosis of hematologic malignancies had their malig-
nancies diagnosed within the past year, their modest increased risk for
COVID-19 infection is likely contributed by the sub-population with
recent diagnosis.

3.3. Effects of demographics on odds of COVID-19 infection in patients
with hematologic malignancies

We examined how demographic factors (age, sex, race) affected
COVID-19 risk among patients with recently diagnosed hematologic
malignancies. Among eight hematologic malignancy types, three with
the most numbers of COVID-19 cases were examined: essential throm-
bocythemia, multiple myeloma and non-Hodgkin lymphoma. Among
patients with recent diagnosis of these cancers, African Americans had
more than 2-fold increase of odds for COVID-19 infection than Cauca-
sians, adjusted for age, gender and COVID-19 risk factors, with largest
race disparity for multiple myeloma (AOR: 4.23 [3.21-5.56]), p <
0.001), followed by essential thrombocythemia (AOR: 3.74 [3.12-4.48],
p < 0.001) and non-Hodgkin lymphoma (AOR: 2.43 [1.91-3.09], p <
0.001). Compared with men, women with essential thrombocythemia
had lower odds of COVID-19 infection and women with non-Hodgkin
lymphoma had higher odds for COVID-19 infection. Advanced age had

The numbers of patients with all-time and recent diagnosis of eight major hematologic malignancies as well as COVID-19 cases for all-time and recent cancer diagnosis.

Hematologic malignancy All

COVID-19

All-time cancer diagnosis

Recent cancer diagnosis

All-time cancer diagnosis Recent cancer diagnosis

Acute lymphoid leukemia 18,360 2040
Acute myeloid leukemia 27,850 2430
Chronic lymphoid leukemia 61,580 8780
Essential thrombocythemia 121,200 13,780
Multiple myeloma 61,350 7790
Myelodysplastic syndrome 50,370 4580
Non-Hodgkin lymphoma 169,390 26,190
Polycythemia vera 72,150 6880

30 20
20 20
40 30
210 120
70 50
20 10
130 90
40 20
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Odds of COVID-19 infection in patients with
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Fig. 1. Odds of COVID-19 infection in pa-
tients with recent versus all-time diagnosis
of hematologic malignancies, adjusted for
age, gender, race and potential COVID-19
risk factors (cardiovascular diseases, type 2

Exposure Outcome AOR (95% Cl) p diabetes, obesity, chronic kidney diseases,
. chronic obstructive pulmonary disease
Hematologic malignancies COVID-19 M 11.91 (11.31-12.53) <001 (COPD), asthma, substance use disorders,
' cancer therapy (chemotherapy, radio-
Acute lymphoid leukemia ~ COVID-19 ! ———  31.03(25.84-37.27) <001 therapy, immunotherapy), transplant pro-
. cedure (bone marrow transplant, solid
Acute myeloid leukemia COVID-19 ! —— 18.94 (15.79-22.73) <001 o8 transplant) and nursing home stay
' status.
Chronic lymphoid leukemia  COVID-19 — 9.54 (8.27-11.00) <.001
Essential thrombocythemia ~ COVID-19 [ag 20.65 (19.10-22.32) <.001
Multiple myeloma COVID-19 . i 14.21 (12.72-15.89) <.001
Myelodysplastic syndrome ~ COVID-19 E ag 6.59 (5.31-8.18)  <.001
Non-Hodgkin lymphoma COVID-19 E i 8.00 (7.32-8.74)  <.001
Polycythemia vera COVID-19 E s 4.89 (3.91-6.11)  <.001
T T T T T T T T 1
0 4 8 12 16 20 24 28 32 36 40

Adjusted Odds Ratio (AOR)

Odds of COVID-19 infection in patients with
all-time diagnosis of hematologic malignancies

Exposure Outcome AOR (95% ClI) p
Hematologic malignancies COVID-19 E H 227 (2.17-2.36)  <.001
Acute lymphoid leukemia COVID-19 E — 4.31(3.68-5.06) <.001
Acute myeloid leukemia COVID-19 E — 2.17 (1.84-2.57)  <.001
Chronic lymphoid leukemia ~ COVID-19 i [ag 1.95(1.72-2.21)  <.001
Essential thrombocythemia  COVID-19 é — 4.29 (4.05-4.55) <.001
Multiple myeloma COVID-19 i i 2.74 (2.49-3.02) <.001
Myelodysplastic syndrome COVID-19 '-g-i 0.95 (0.80-1.14)  0.660
Non-Hodgkin lymphoma COVID-19 i sl 2.05(1.90-2.20) <.001
Polycythemia vera COVID-19 E [aa 1.43 (1.26-1.63)  <.001
o 1 2 3 4 5

Adjusted Odds Ratio (AOR)

no statistically significant effects on patients’ risk for COVID-19 infec-
tion (Fig. 2). Similar strong racial disparities were observed for patients
with all-time diagnosis of essential thrombocythemia, multiple myeloma
and non-Hodgkin lymphoma (Supplementary Fig. S1).

3.4. Hospitalizations and death rates among patients with hematologic
malignancies and COVID-19

Among 17,130 COVID-19 patients, 4110 were hospitalized (24.0%),
higher for African Americans (32.8%) than Caucasians (20.3%)(p <
0.001). Among 270 patients with COVID-19 and recent diagnosis of
hematologic malignancies, 140 were hospitalized (51.9%), not

statistically different between African Americans (60.0%) and Cauca-
sians (53.3%). Among 16,860 COVID-19 patients without recently
diagnosed hematologic malignancies, 3960 were hospitalized (23.5%),
higher for African Americans (32.4%) than Caucasians (19.7%) (p <
0.01). Among 56,410 patients with recently diagnosed hematologic
malignancies but without COVID-19, 8460 were hospitalized (15.0%),
higher for African Americans (19.5%) than Caucasians (15.7%) (p <
0.001) (Fig. 3, top). Overall the hospitalization rate for patients with
recently diagnosed hematologic malignancies and COVID-19 (51.9%)
was higher than for COVID-19 patients without hematologic malig-
nancies (23.5%) (p < 0.001) and that for hematologic malignancy pa-
tients without COVID-19 (15.0%) (p < 0.001), with synergistic effect
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Fig. 2. Effects of demographics on odds of
COVID-19 infection among patients with
recently diagnosed hematologic malig-
nancies, adjusted for other demographics
and potential COVID-19 risk factors (car-

Case Control AOR (95% CI) P diovascular diseases, type 2 diabetes,
obesity, chronic kidney diseases, chronic
Essential thrombocythemia obstructive pulmonary disease (COPD),
Female Male el 0.74 (0.62-0.90) 0.002  ,sthma, substance use disorders, cancer
Seplor _ Adult‘ f 0.94 (0.78-1.13) 0.581 therapy  (chemotherapy, radiotherapy,
African American Caucasian F—— 3.74 (3.12-4.48) <.001 immunotherapy), transplant procedure
. (bone marrow transplant, solid organ
Mgg‘g;:yeloma Male be] 0.77 (0.59-1.00) 0.058 transplant) and nursing home stay status.
Senior Adult fra— 1.15 (0.88-1.50) 0.323
African American Caucasian A 4.23 (3.21-5.56) <.001
Non-Hodgkin Lymphoma
Female Male = 1.87 (1.52-2.30) <.001
Senior Adult Il 0.84 (0.68-1.05) 0.145
African American Caucasian : = 2.43 (1.91-3.09) <.001

0 1 2 3 4 5 6
Adjusted odds ratio (AOR)

observed. The hospitalization rates for patients with all-time diagnosis
of hematologic malignancies are similar to these for recent diagnosis
(Supplementary Fig. S2).

Among 17,130 COVID-19 patients, 900 died (5.3%), higher for Af-
rican Americans (6.9%) than Caucasians (4.6%)(p < 0.001). Among 270
patients with COVID-19 and recent diagnosis of hematologic malig-
nancies, 40 died (14.8%), not statistically different between African
Americans (20.0%) and Caucasians (13.3%). Among 16,860 COVID-19
patients without recently diagnosed hematologic malignancies, 860
died (5.1%), higher for African Americans (6.8%) than Caucasians
(4.5%) (p < 0.01). Among 56,410 patients with recently diagnosed
hematologic malignancies but without COVID-19, 2340 died (4.1%),
higher for African Americans (5.8%) than Caucasians (4.3%) (p < 0.001)
(Fig. 3, bottom). Overall the death rate for patients with recently diag-
nosed hematologic malignancies and COVID-19 (14.8%) was higher
than for COVID-19 patients without hematologic malignancies (5.1%)
(p < 0.001) and that for hematologic malignancy patients without
COVID-19 (4.1%) (p < 0.001), with synergistic effect observed. The
death rates for patients with all-time diagnosis of hematologic malig-
nancies are similar to these for recent diagnosis (Supplementary Fig. S3).

4. Summary and future directions

We screened and analyzed a nation-wide EHR database in the US and
showed that patients with hematologic malignancies diagnosed within
the last year, particularly acute lymphoid leukemia, essential throm-
bocythemia, multiple myeloma and acute myeloid leukemia, had
increased odds for COVID-19 infection compared with patients without
hematologic malignancies. Among patients with hematologic malig-
nancies, African Americans had more than 2-fold increase in odds of
COVID-19 infection than Caucasians. This study identified high risk
hematologic malignancies patient groups based on diagnostic and de-
mographic groups who are most vulnerable to COVID-19 illness and
adverse outcomes. Since our EHR-based study represents nationwide
population basis, it provides an independent extension of two recent
reports by the COVID-19 and Cancer Consortium (CCC19) registry, the
majority of which are based in academic medical centers, mostly in the
Northeast US [13,16].

Our study shows that patients with hematologic malignancies are at
increased risk for developing COVID-19 as compared to patients without
hematologic malignancies, after adjusting for age, gender, race and
known COVID-19 risk factors. These findings are consistent for the eight
common hematologic malignancies for which there was sufficient data

for us to examine. Patients with hematologic malignancies often had
more comorbidities and cancer treatments, and higher contacts with
medical systems than those without cancers. After adjusting for age,
gender, race and known COVID-19 risk factors that include common
comorbidities such as cardiovascular diseases, type 2 diabetes and
obesity, cancer treatments and transplant procedures, patients with
hematologic malignancies still had high odds of COVID-19 infection,
with marked difference across different cancer types. These results
suggest that these cancers might have direct effects on patients’ risk for
COVID-19 infection. Hematologic malignancies affect the production
and function of blood cells in fighting off infections [31]. Patients with
hematologic malignancies often have multiple immune dysfunctions of
the innate and adaptive immune system including low immunoglobulin
G levels in patients with chronic lymphocytic leukemia (CLL) or other B
cell neoplasms, and functionally impaired immature or neoplastic
dysfunctional granulocytes in patients with myeloid neoplasms [32,33].
Impaired immune functions predispose patients with hematologic neo-
plasms to diverse array of infections. Our study indicates that impaired
immune functions predispose patients with hematologic neoplasms to
COVID-19 infection.

Other unadjusted confounding factors (e.g., other comorbidities,
symptoms, contacts with medical systems, socio-economic factors, life
styles) might also play important roles. However, unadjusted potential
confounders alone may not be sufficient to explain the widely differ-
ential odds of COVID-19 infection for different types of hematologic
malignancies, as patients with acute lymphoid leukemia, who had the
largest odds of COVID-19 infection, did not necessarily have more
comorbidities or lower socio-economic status than those with other
types of hematologic malignancies. Increased contacts with healthcare
workers may affect a patient’s risk for COVID-19 infection and patients
with more aggressive cancers often need more healthcare contacts and
testing. However we did not observe such trend as patients with more
aggressive cancer (e.g., acute myeloid leukemia) had higher odds of
COVID-19 infection than those with less aggressive cancer (e.g., acute
lymphoid leukemia, essential thrombocythemia). Our study may be
confounded by the likelihood that patients with hematologic malig-
nancies might have been more likely to be tested in the setting of elective
admission. This needs further exploration in future studies in other
datasets since out current EHR database does not discern between
planned admissions and those admissions related to the COVID-19
diagnosis. Taken together, our data suggest that the effects of hemato-
logic malignancies on the immune system may put patients with these
malignancies at particularly high risk of COVID-19 infection and this
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Fig. 3. Hospitalization and death rates
among three populations: patients with both
recent diagnosis of hematologic malig-
nancies and COVID-19, COVID-19 patients
without hematologic malignancies, hema-
tologic malignancy patients without COVID-
19. ***: p < 0.0001; **: p < 0.001; ns: not
statistically significant. The SNOMED-CT
concepts “Hospital admission (procedure)”
(ID 32485007) was used to obtain hospi-
talization status from patient EHRs. Explo-
rys regularly imports from the Social
Security Death index for the “deceased”
status.
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finding needs to be replicated in other independent datasets.

Patients with recent diagnosis of acute lymphoid leukemia had the
largest odds of COVID-19 infection, followed by essential thrombocy-
themia, acute myeloid leukemia, multiple myeloma, chronic lymphoid
leukemia, Non-Hodgkin lymphoma, myelodysplastic syndrome and
polycythemia vera. Patients with acute hematologic malignancies had
higher risk for COVID-19 infection than those with chronic hematologic
malignancies patients, which may be associated with a more aggressive
disease phenotype. The high risk for COVID-19 in patients with essential
thrombocythemia suggests the possibility of direct interaction of the
virus with a specific component of platelet structure and/or function and
warrants further investigation. The relative absence of patients with
other major hematologic malignancies types including chronic myeloid
leukemia and Hodgkin lymphoma from the COVID-19 group compared
to their prevalence in the study population suggests the possibility that
either their disease status and/or their treatment may confer a degree of
resistance.

In our study, African Americans with hematologic malignancies had
higher risk for COVID-19 infection than Caucasians after adjusting for

Hokok

Hematologic malignancies
no COVID-19

age, gender and known COVID-19 risk factors. This is consistent with
data for general population across the US showing that COVID-19 affects
African Americans at a disproportionately high rate [34]. The more than
2-fold difference in odd ratio after adjusting for comorbidities and other
COVID-19 risk factors suggests that other factors such as social,
behavioral and lifestyle factors may have contributed to the profound
race inequality. The EHR data has limited social-economical informa-
tion, which limited our ability of investigating how social adversity and
other social-economical determinants may contribute to the observed
profound racial inequality in patients with hematologic malignancies.
While advanced age is a risk factor for COVID-19 severe illness in gen-
eral population, our study showed that advanced age conferred no
additional effect on the risk of getting COVID-19 among patients with
hematologic malignancies. Compared with men, women with essential
thrombocythemia had lower odds of COVID-19 infection and women
with non-Hodgkin lymphoma had higher odds for COVID-19 infection.
The reason(s) for this differential gender effects on patients with
different types of hematologic malignancies warrant further
investigation.
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Previous studies showed that patients with hematologic malig-
nancies and COVID-19 had more severe outcomes than non-cancer pa-
tients [20,21]. Since patients with hematologic malignancies in general
had more severe outcomes than non-cancer patients, it was unclear if
COVID-19 exerted additive or synergistic adverse outcome effects. In
our study, we observed synergistic effects of COVID-19 and hematologic
malignancies on both hospitalization and death outcomes.

It is possible that higher rates of hospitalization may be partially due
to higher rate of planned COVID-19 testing in the setting of elective
admissions. However, the limited data available in the EHR database the
does not allow us to discern the direct causes for hospital admission or
death. African Americans had worse outcomes than Caucasians both in
COVID-19 patients without hematologic malignancies and in hemato-
logic malignancy patients without COVID-19. No statistically significant
difference in rates of death and hospitalization was observed in African
Americans and Caucasians with COVID-19 and hematologic malig-
nancies. This may be due to the relatively small sample size of patients
with both COVID-19 and hematologic malignancies (n = 420) at the
time of this study.

Our study has several limitations. First, this is an analysis of patient
EHR data. Patient EHR data were collected for billing purposes. Though
EHR data have been widely used for research purposes, they have
inherent limitations including under, over, or misdiagnosis, limited in-
formation of time-series, timing and adherence of medications and
treatments, socio-economic and life style determinants, among others
[35-37]. Second, in the EHR database, a total of 17,130 patients were
diagnosed with COVID-19 at the time of our study, which is significantly
lower than the total confirmed cases in US reported by CDC [1]. COVID-
19 is regularly tested at drive-ups and popup testing locations other than
hospitals, therefore many of the confirmed cases may have not been
captured by EHRs. COVID-19 cases in our study were based on diagnosis
codes in the EHR database for billing purpose, therefore they likely
skewed towards more severe cases of COVID-19. Third, specific for the
Explorys database, no detailed information was provided regarding
rural vs urban, socioeconomic and geographic composition of the pa-
tient population as well as healthcare facility venue. In addition, patient
ages were treated as a categorical instead of continuous variable. For
HIPAA-compliant statistical de-identification purposes, the Explorys
Explore tool does not allow reporting on sample sizes less than 10 and all
population counts above 10 are rounded to the nearest 10. This rounding
may affect the accuracy of the results, particularly when some categories
of patients are very small. Fourth, though patients in this EHR database
represent 20% of US population, they represent patients who had en-
counters with healthcare systems and are not necessarily representative
of the US population. For example, among a total of 27,850 cases of all-
time AML diagnoses, 2430 (8.7%) were diagnosed in the past year,
which is lower than estimated 30% new cases of AML in 2020 (estimated
19,940 new diagnoses among 64,512 people living with AML in the
United States) reported by the latest Surveillance, Epidemiology, and
End Results Program (SEER) [38]. A recent study compared cancer
populations in SEER, National Program of Cancer Registries (NPCR),
and patient EHR databases and showed that there are general similar-
ities in demographic and geographic distribution of cancer patients in
these databases but there are also overarching differences across the
populations they cover [39]. In addition, due to relatively lower adop-
tion rate of health IT technologies in rural versus urban areas, patients
from rural areas may be less represented in the this EHR database. These
limitations should be considered when interpreting and extrapolating
our results obtained with the EHR database. This study can serve as a
baseline study of COVID-19 risk, disparities and outcomes in patients
with hematologic malignancies and findings from this study need to be
validated in other patient databases or other populations.
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4.1. Future considerations

e Future studies will be required to validate these findings in other

independent patient databases or other populations as well as those

for which insufficient data was available such as Hodgkin lym-
phoma, chronic myeloid leukemia.

Studies need to be conducted to determine which aspects of newly

diagnosed hematologic malignancies, e.g., therapeutic agents, cyto-

penias, immune insufficiency, may contribute to increased suscep-
tibility to COVID-19 infection and how these effects can be
mitigated.

o Given the high risk for COVID-19 infection and mortality in patients
with recently diagnosed hematologic malignancies, these patients
are prime candidates for evaluation and administration for induction
of prophylactic passive and/or active immunity.

4.2. Practice points

e All patients with hematologic malignancies should practice recom-
mended guidelines for avoiding COIVD-10 exposure.

e Patients with newly diagnosed hematologic malignancies (within
last year) should be extra cautious regarding COVID-19 exposure.

e African American patients with hematologic malignancies should be
extra cautious regarding COVID-19 exposure.

e hematologic malignancy patients should have therapeutic in-
terventions directed at reducing COVID-19 risk factors.

4.3. Research agenda

To interrogate patient electronic health records acquired on a
nationwide basis to identify a broad population-based inventory of
COVID-19 infected patients with hematologic malignancies.

e To evaluate infections and impact of COVID-19 in patients with
specific hematologic malignancies.

To identify impact of race and demographics on patients with
COVID-19 infection and hematologic malignancies.

To identify association of comorbidities with COVID-19 infection in
patients with hematologic malignancies.

e To provide early nationwide data-driven indicators to inform
development of precautionary strategies for management of patients
with hematologic malignancies in era of COVID-19.

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.blre.2020.100775.
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