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Analyses of Risk, Racial Disparity, and Outcomes
Among US Patients With Cancer and COVID-19 Infection
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IMPORTANCE Patients with specific cancers may be at higher risk than those without cancer
for coronavirus disease 2019 (COVID-19) and its severe outcomes. At present, limited data
are available on the risk, racial disparity, and outcomes for COVID-19 illness in patients

with cancer.

OBJECTIVES To investigate how patients with specific types of cancer are at risk for COVID-19
infection and its adverse outcomes and whether there are cancer-specific race disparities for
COVID-19 infection.

DESIGN, SETTING, AND PARTICIPANTS This retrospective case-control analysis of patient
electronic health records included 73.4 million patients from 360 hospitals and 317 000
clinicians across 50 US states to August 14, 2020. The odds of COVID-19 infections for 13
common cancer types and adverse outcomes were assessed.

EXPOSURES The exposure groups were patients diagnosed with a specific cancer,
whereas the unexposed groups were patients without the specific cancer.

MAIN OUTCOMES AND MEASURES The adjusted odds ratio (aOR) and 95% Cl were estimated
using the Cochran-Mantel-Haenszel test for the risk of COVID-19 infection.

RESULTS Among the 73.4 million patients included in the analysis (53.6% female), 2 523 920
had at least 1 of the 13 common cancers diagnosed (all cancer diagnosed within or before the
last year), and 273 140 had recent cancer (cancer diagnosed within the last year). Among

16 570 patients diagnosed with COVID-19, 1200 had a cancer diagnosis and 690 had a recent
cancer diagnosis of at least 1of the 13 common cancers. Those with recent cancer diagnosis
were at significantly increased risk for COVID-19 infection (aOR, 714 [95% Cl, 6.91-7.39];

P < .001), with the strongest association for recently diagnosed leukemia (aOR, 12.16 [95% Cl,
11.03-13.40]; P < .001), non-Hodgkin lymphoma (aOR, 8.54 [95% Cl, 7.80-9.36]; P < .001),
and lung cancer (aOR, 7.66 [95% Cl, 7.07-8.29]; P < .001) and weakest for thyroid cancer
(aOR, 3.10 [95% Cl, 2.47-3.87]; P < .001). Among patients with recent cancer diagnosis,
African Americans had a significantly higher risk for COVID-19 infection than White patients;
this racial disparity was largest for breast cancer (aOR, 5.44 [95% Cl, 4.69-6.31]; P < .001),
followed by prostate cancer (aOR, 5.10 [95% Cl, 4.34-5.98]; P < .001), colorectal cancer
(aOR, 3.30[95% Cl, 2.55-4.26]; P < .001), and lung cancer (aOR, 2.53 [95% Cl, 2.10-3.06];

P <.001). Patients with cancer and COVID-19 had significantly worse outcomes
(hospitalization, 47.46%; death, 14.93%) than patients with COVID-19 without cancer
(hospitalization, 24.26%; death, 5.26%) (P < .001) and patients with cancer without
COVID-19 (hospitalization, 12.39%; death, 4.03%) (P < .001).

CONCLUSIONS AND RELEVANCE In this case-control study, patients with cancer were at
significantly increased risk for COVID-19 infection and worse outcomes, which was further
exacerbated among African Americans. These findings highlight the need to protect and
monitor patients with cancer as part of the strategy to control the pandemic.
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oronavirus disease 2019 (COVID-19) is caused by

severe acute respiratory syndrome coronavirus 2 and

has rapidly escalated into a global pandemic.! Severe
illness of COVID-19 predominantly occurs in individuals
with underlying medical comorbidities.?* Patients with can-
cer have weakened immune status; often have multiple
comorbid conditions, including type 2 diabetes, obesity,
and cardiovascular diseases; and are more likely to get
infections.®!! Reports from China and the US described clini-
cal characteristics and outcomes of patients with cancer and
COVID-19 and examined risk factors for mortality in this
population; they suggested a higher rate of death due to
COVID-19 and severe outcomes in patients with cancer.!21®
However, there is a knowledge gap regarding the susceptibil-
ity of patients with cancer to COVID-19 and its severe out-
comes in the US. It remains unknown how race and other
demographic factors such as age and sex affect the risk of
COVID-19 infection and outcomes among patients with can-
cer, given that the cancer burden in the US varies by race and
other demographic factors.

Methods

Database Description

We performed a retrospective case-control study using dei-
dentified electronic health record (EHR) data collected by the
IBM Watson Health Explorys from 360 hospitals and 317 000
clinicians across 50 states in the US since 1999, representing
20% of the US population.'” The EHRs are deidentified accord-
ing to the Health Insurance Portability and Accountability
Act and the Health Information Technology for Economic and
Clinical Health Act standards.'® After the deidentification
process, a curation process normalizes the data through map-
ping key elements to widely accepted standards.'®!° Specifi-
cally, 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 ter-
minology for EHRs.2° More than 100 published studies showed
that with this large-scale, standardized EHR database and the
cloud-based Explorys Cohort Discovery informatics tools, large
case-control studies can be undertaken efficiently,?! includ-
ing 2 recent studies by Zhou et al.?>?* The EHR data are dei-
dentified, and the institutional review board of Case Western
Reserve University determined that this study was exempt
from approval and informed consent. This study followed the
Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) reporting guideline.

Study Population

At the time of this study (August 14, 2020), the study popu-
lation consisted of 73 449 510 patients, including 2 523 920 pa-
tients diagnosed with atleast 1 of 13 common cancers. A total
of 273140 cancer diagnoses occurred within the past year;
16 570 patients were diagnosed with COVID-19, and 1200 with
both COVID-19 and cancer. The status of COVID-19 was based
on the concept coronavirus infection (disorder) (Concept Code
186747009), and we further limited the diagnosis time frame
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Key Points

Question Are patients with cancer at increased risk for
coronavirus disease 2019 (COVID-19) infection and its adverse
outcomes?

Findings In this case-control analysis of electronic medical
records from 73.4 million unique patients, patients with a recent
diagnosis of cancer were at significantly increased risk for
COVID-19 infection and its adverse outcomes, especially in African
Americans.

Meaning Based on these findings, it is important to closely
monitor patients with cancer and protect them from exposure to
severe acute respiratory syndrome coronavirus 2 and the severe
outcomes of COVID-19.

to within the past year to capture the timing of new cases aris-
ing during the COVID-19 pandemic. The outcome measures
were COVID-19 diagnosis, rates of death, and hospitalization.
We examined the risk association between COVID-19 and
13 common cancers.?*

The status of the 13 cancer types was based on the diag-
nosis codes from SNOMED-CT.2° The status of bladder can-
cer was based on the diagnosis of malignant tumor of urinary
bladder (disorder) (SNOMED-CT code 399326009); breast can-
cer, on malignant neoplasm of breast (disorder) (code
254837009); colorectal cancer, on malignant neoplasm of co-
lon (disorder) (code 363406005) or malignant tumor of rec-
tum (disorder) (code 363351006); endometrial cancer, on ma-
lignant neoplasm of endometrium of corpus uteri (disorder) (code
188192002); kidney cancer, on malignant tumor of kidney (dis-
order) (code 363518003); leukemia, on leukemia, disease (dis-
order) (code 93143009); non-Hodgkin lymphoma (NHL), on
non-Hodgkin's lymphoma (disorder) (code 118601006); pros-
tate cancer, on malignant tumor of prostate (disorder) (code
399068003); liver cancer, on malignant neoplasm of liver (dis-
order) (code 93870000); lung cancer, on malignant tumor of
lung (disorder) (code 363358000); melanoma, on malignant
melanoma (disorder) (code 372244006); pancreatic cancer, on
malignant tumor of pancreas (disorder) (code 363418001); and
thyroid cancer, on malignant tumor of thyroid gland (disor-
der) (code 363478007).

The following analyses were performed. First, we exam-
ined how cancer was associated with the risk of COVID-19,
adjusted for age, sex, race, comorbidities, cancer treatments,
transplant procedures, and nursing home stay. The exposure
groups were patients diagnosed with cancer, the unexposed
groups were patients without cancer, and the outcome
measure was the diagnosis of COVID-19. A separate analysis
was performed for each of the 13 cancer types. Second, we
examined how demographic factors affected COVID-19 risk
among patients with cancer. The case groups were patients
with cancer and one of the following demographic factors:
female, senior (aged >65 years), and African American.
The comparison groups were patients with cancer and 1 of
the following corresponding demographic factors (male,
adult [aged 18-65 years], and White race). The outcome mea-
sure was diagnosis of COVID-19. Third, the rates of death
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Table. Patient Characteristics

Study group, No. (%)?

Patients with all

Patients with recent

Patients with

Patients with
COVID-19 and all

Patients with COVID-19

All patients common cancers common cancers Ccovib-19 common cancer plus recent common
Characteristic (N =73449510) (n=2523920) (n =273 140) (n=16570) (n =1200) cancers (n = 690)
Sex
Female 39400370 (53.64) 1337230(52.98) 140230(51.34) 9700 (58.54) 690 (57.50) 390 (56.52)
Male 33544260 (45.67) 1178990 (46.71) 129220 (47.31) 6830 (41.22) 500 (41.67) 300 (43.48)
Unknown 505680 (0.69) 7700 (0.31) 3700 (1.35) 40 (0.24) 10 (0.83) 0
Age
Adult (18-65y) 43980750 (59.88) 797060 (31.58) 105870 (38.76) 11610 (70.07) 490 (40.83) 300 (43.48)
Senior (>65'y) 17935910 (24.42) 1697890 (67.27) 165730 (60.68) 3900 (23.54) 690 (57.50) 370(53.62)
Junior (<18y) 10553420 (14.37) 8590 (0.34) 1990 (0.73) 1050 (6.34) 20 (1.67) 20(2.90)
Race/ethnicity
White 40205760 (54.74) 1936590 (76.73) 204950 (75.03) 8200 (49.49) 670 (55.83) 380 (55.07)
African American 7584 550 (10.33) 258240 (10.23) 36790 (13.47) 6590 (39.77) 480 (40.00) 270 (39.13)
Asian 1189390 (1.62) 46330 (1.84) 4060 (1.49) 150 (0.91) 0 0
Hispanic/Latino 1054410 (1.44) 15 140 (0.60) 1440 (0.53) 10 (0.06) 0 0
Unknown 9023560 (12.29) 295140 (11.69) 23510(8.61) 890 (5.37) 80 (6.67) 50(7.25)
Insurance
Private 25822090 (35.16) 1089500 (43.17) 128620 (47.09) 2520 (15.21) 210(17.50) 140 (20.29)
Medicare 7630360 (10.39) 1026120 (40.66) 106510 (38.99) 780 (4.71) 160 (13.33) 90 (13.04)
Medicaid 6114970 (8.33) 140790 (5.58) 17510 (6.41) 660 (3.98) 40(3.33) 30(4.35)
Self-pay 4899910 (6.67) 124070 (4.92) 6970 (2.55) 190 (1.15) 0 0
Unknown 6190770 (8.43) 162 660 (6.44) 9610 (3.52) 270(1.63) 20(1.67) 10(1.45)

Abbreviation: COVID-19, coronavirus disease 2019.

@ The 13 common cancers are bladder, breast, colorectal, endometrial, kidney,
prostate, thyroid, liver, lung, and pancreatic cancer; leukemia; non-Hodgkin
lymphoma; and melanoma. The categories of race and insurance did not total

100% for the following reasons: (1) the Table only shows major subcategories
of race or insurance; (2) not everyone in the electronic health record database
has race or insurance information; and (3) a patient can report more than 1
race or insurance type.

and hospitalization among patients with COVID-19 and
cancer were compared with those for patients with
COVID-19 but no cancer and for patients with cancer but
no COVID-19.

Statistical Analysis

The adjusted odds ratios (aORs), 95% Cls, and P values
were calculated using the Cochran-Mantel-Haenszel
method?® by controlling for age groups (juniors [<18 years],
adults, or seniors), sex (female or male), race (White or Afri-
can American), and common comorbidities considered risk
factors for COVID-19,? including asthma, cardiovascular dis-
eases, type 2 diabetes, obesity, chronic kidney diseases,
chronic obstructive pulmonary disease, cancer treatments
(chemotherapy, radiotherapy, and immunotherapy), trans-
plants (bone marrow and solid organ), and nursing home
stay. Other demographic groups were not included owing to
insufficient sample sizes for cases with COVID-19. Two-
sided, 2-sample tests for equality of proportions with conti-
nuity correction were used to compare prevalence of comor-
bidities and outcomes. Multiple comparisons were analyzed
by Bonferroni correction. Statistical tests were conducted
with significance set at P < .05 (2 sided). All analyses were
performed using R, version 3.6.3 (R Project for Statistical
Computing).
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Results

Patient Characteristics
The baseline characteristics of the study population (as of Au-
gust 14, 2020) are presented in the Table. Among 73 449 510 pa-
tients (among those with known data, 53.64% female and
45.67% male), 2523 920 had at least 1 of the 13 common can-
cers diagnosed (all cancer diagnosed within or before the last
year), and 273140 had recent cancer (cancer diagnosed within
the last year). These cancers included 138 890 bladder can-
cers, with 14 300 recent; 663 250 breast cancers, with 70 580
recent; 317 580 colorectal cancers, with 25 150 recent; 41 740 en-
dometrial cancers, with 7750 recent; 124 170 kidney cancers,
with 12 810 recent; 137 890 leukemias, with 16 930 recent;
193140 liver cancers, with 15070 recent; 419 050 lung can-
cers, with 34 830 recent; 198 890 melanomas, with 11490 re-
cent; 168 750 NHLs, with 26 460 recent; 70 950 pancreatic can-
cers, with 5280 recent; 487 560 prostate cancers, with 61010
recent; and 109 870 thyroid cancers, with 14 140 recent.
Among 16 570 patients diagnosed with COVID-19,1200 had
a cancer diagnosis and 690 had a recent cancer diagnosis of
atleast 1ofthe 13 common cancers. These included 50 any and
30 recent bladder cancer, 370 any and 180 recent breast can-
cer, 130 any and 60 recent colorectal cancer, 30 any and 20 re-
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Figure 1. Associations of Coronavirus Disease 2019 (COVID-19) With Recent and All Cancer Diagnoses

E Comparison of COVID-19 risk associations with all vs recent cancer diagnosis

Exposure Outcome  aOR (95% ClI) P value
All cancer COVID-19 1.46(1.42-1.50) ] <.001
Recent cancer COVID-19 7.14(6.91-7.39) L <.001
0 2 4 6 8 10
a0R (95% ClI)
Associations between recent diagnosis of cancer and COVID-19 infection
Exposure Outcome  aOR (95% CI) P value ) )
Bladder cancer COVID-19 5.63 (4.86-6.52) - <001  Oddsof COVID9infection for all
Breast cancer COVID-19  6.47 (6.06-6.91) - <oy cancerdiagnosesand recent cancer
diagnoses (cancer diagnosed within
Colorectal cancer COVID-19 6.36(5.71-7.08) - <.001
B the past year only) (A) and odds of
Endometrial cancer COVID-19 4.70(3.79-5.82) —m— <.001 COVID-19 infection for recent cancer
Kidney cancer COVID-19 5.33(4.58-6.21) - <.001 diagnosis for each of the 13 common
Leukemia COVID-19 12.16(11.03-13.40) —-— <.001 cancer types (B), after adjusting for
Liver cancer COVID-19 6.49(5.71-7.38) - <.001 age, sex, race, and risk factors for
Lung cancer COVID-19 7.66(7.07-8.29) - <.001 COVID-19, including asthma,
Melanoma COVID-19  5.58 (4.62-6.73) - <.001 cardiovascular diseases, type 2
Non-Hodgkin lymphoma COVID-19 8.54 (7.80-9.36) - <.001 3!3betes. OEESIFy' Cgronlc !(ldney
Pancreatic cancer COVID-19  6.26 (4.98-7.87) . <001 Iseases, chronic obstructive
pulmonary disease, cancer
Prostate cancer COVID-19 6.14(5.72-6.60) - <.001
treatments (chemotherapy,
Thyroid cancer COVID-19 3.10(2.47-3.87) - <.001 radiotherapy, and immunotherapy)
6 21 é 1‘2 1‘6 zb 2‘4 transplants (bone marrow and solid

aOR (95% CI)

organ), and nursing home stay. aOR
indicates adjusted odds ratio.

cent endometrial cancer, 70 any and 30 recent kidney cancer,
100 any and 80 recent leukemia, 60 any and 40 recent liver
cancer, 140 any and 100 recent lung cancer, 90 any and 20 re-
cent melanoma, 120 any and 90 recent NHL, 20 any and 20
recent pancreatic cancer, 240 any and 140 recent prostate can-
cer, and 50 any and 20 recent thyroid cancer.

0Odds of COVID-19 Infection for 13 Cancer Types

We examined the overall odds of COVID-19 infection for 13 com-
mon cancers with COVID-19 incidence for both all diagnoses
and recent diagnoses after adjusting for age, sex, race, and po-
tential COVID-19 risk factors,' including cardiovascular dis-
eases, obesity, type 2 diabetes, asthma, chronic kidney dis-
eases, chronic obstructive pulmonary disease, cancer
treatments (chemotherapy, radiotherapy, and immuno-
therapy), transplant procedures (bone marrow and solid or-
gan), and nursing home stay. Patients with cancer had a sig-
nificantly increased risk for COVID-19 infection compared with
patients without cancer, with the stronger effect for recent can-
cer (aOR, 7.14 [95% CI, 6.91-7.39]; P < .001) than all cancer di-
agnosis (aOR, 1.46 [95% CI, 1.42-1.50]; P < .001) (Figure1), sug-
gesting that patients with recent cancer diagnosis (ie, those with
active cancer) are the most vulnerable among the population
with any cancer (ie, both patients with active cancer and can-
cer survivors). Our subsequent analyses focused on patients
with a recent cancer diagnosis.

We then examined associations of recent diagnosis of each
of the 13 cancer types with COVID-19 infection after adjusting
for age, sex, race, and COVID-19risk factors. Patients with can-
cer had significantly increased risk for COVID-19 infection for
all 13 cancer types, with the strongest effect for leukemia (aOR,
12.16 [95% CI, 11.03-13.40]; P < .001), NHL (aOR, 8.54 [95% CI,
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7.80-9.36]; P < .001]), lung cancer (aOR, 7.66 [95% CI, 7.07-
8.29]; P < .001), liver cancer (aOR, 6.49 [95% CI, 5.71-7.38];
P < .001), and pancreatic cancer (aOR, 6.26 [95% CI, 4.98-
7.87; P < .001]) and weakest but still significant effects for thy-
roid cancer (aOR, 3.10 [95% CI, 2.47-3.87]; P < .001) and en-
dometrial cancer (aOR, 4.70 [95% CI, 3.79-5.82]; P < .001)
(Figure 1).

To examine how cancer itself and risk factors for COVID-19
(comorbidities, cancer treatments, transplant procedures, and
nursing home stay), alone and together, affected the odds of
COVID-19 infection in patients with cancer, we calculated the
odds of COVID-19 infection for each cancer type before adjust-
ing for COVID-19 risk factors (Figure 2). These medical condi-
tions and procedures indeed contributed to the increased risk
for COVID-19 infection in patients with cancer, as evidenced
by the reductions of aORs after adjusting for these comorbidi-
ties (Figure 2 vs Figure 1). For example, the odds of COVID-19
infection for leukemia decreased from 19.18 (95% CI, 16.79-
21.90) to 12.16 after adjustment. However, even after adjust-
ing for COVID-19 risk factors, patients with cancer still had a
high risk for COVID-19 infection for all 13 cancer types, with
aORs ranging from 12.16 for leukemia to 3.10 for thyroid can-
cer (Figure 1).

Demographic Disparity of COVID-19 Risk

Among Patients With Cancer

We examined how demographic factors (age, sex, and race)
were associated with COVID-19 risk among patients with are-
cent cancer diagnosis after adjusting for common comorbidi-
ties, cancer treatments, transplant procedures, and nursing
home stay. Six cancer types with a sufficient number of pa-
tients and COVID-19 cases were examined, including breast
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Figure 2. Association of Coronavirus Disease 2019 (COVID-19) Infection With Recent Cancer Diagnosis

Exposure Outcome  aOR (95% Cl) P value
Bladder cancer COVID-19 7.85(6.26-9.83) —a— <.001
Breast cancer COVID-19 9.78(8.96-10.67) —— <.001
Colorectal cancer COVID-19 9.89(8.54-11.45) —a— <.001
Endometrial cancer COVID-19 7.73(5.79-10.33) — <.001
Kidney cancer COVID-19 7.46(5.89-9.45) —— <.001
Leukemia COVID-19 19.18(16.79-21.90) —a <.001
Liver cancer COVID-19 12.49(10.59-14.72) — <.001
Lung cancer COVID-19 12.30(11.00-13.75) —— <.001
Melanoma COVID-19 8.70(6.79-11.14) — <.001
Non-Hodgkin lymphoma COVID-19 13.27 (11.70-15.06) — <.001
Pancreatic cancer COVID-19 8.24(5.82-11.66) —. <.001
Each of the 13 common cancer types
Prostate cancer COVID-19 9.64(8.76-10.61) . <.001 is included as an exposure. COVID-19
Thyroid cancer COVID-19 3.94(2.88-5.40) —— <.001 was included as the outcome. Odds
6 z‘t 8 1‘2 1‘6 2‘0 2‘4 ratios were adjusted for age, sex, and

aOR (95% Cl)

race only. aOR indicates adjusted
odds ratio.

Figure 3. Coronavirus Disease 2019 (COVID-19) Risk Disparity Among Patients With Recent Diagnoses of Cancer

Cancer Cases Controls  aOR (95% Cl) P value
Breast Senior Adult 0.75(0.65-0.87) = <.001
African American White 5.44 (4.69-6.31) —a— <.001
Female Male 1.81(1.41-2.32) —— <.001
Colorectal Senior Adult 0.79(0.62-1.01) - .08
African American  White 3.30(2.55-4.26) — <.001 Effects of demographics on odds of
Female Male 0.88 (0.74-1.04) = .16 COVID-19 infection among patients
Lung Senior Adult 0.99(0.82-1.19) = .97 with recent cancer (diagnosis made
African American  White 2.53(2.10-3.06) - <.001 \fNithin the past year)c,lail’tlerf adgusti?g
) or age, sex, race, and risk factors for
Prostate f\?rn'lor - Adlflt 0.78 (0.65-0.94) . 01 COVID-19, including asthma,
ican American White 5.10 (4.34-5.98) —— <.001 cardiovascular diseases, type 2
Female Male 0.75(0.59-0.94) = 02 diabetes, obesity, chronic kidney
Leukemia Senior Adult 0.62(0.48-0.79) = <.001 diseases, chronic obstructive
African American White 1.58(1.17-2.14) . .003 pulmonary disease, cancer
Female Male 1.80 (1.46-2.22) - <.001 treatments (chemotherapy,
Non-Hodgkin lymphoma ~ Senior Adult 0.78(0.63-0.98) = 04 radiotherapy, and immunotherapy),
African American  White 2.48 (1.94-3.16) —a <.001 transplants (bone marrow and solid
‘ : : : : : ‘ organ), and nursing home stay.

Adult indicates patients aged 18
to 65 years; senior, patients older
than 65 years.

aOR (95% CI)

cancer, colorectal cancer, lung cancer, prostate cancer, leuke-
mia, and NHL. Among patients with a recent diagnosis of these
cancers, African American patients were more likely to be in-
fected by COVID-19 than White patients after adjusting for age,
sex, and COVID-19 risk factors, with the largest race disparity
for breast cancer (aOR, 5.44 [95% CI, 4.69-6.31]; P < .001]),
prostate cancer (aOR, 5.10 [95% CI, 4.34-5.98]; P < .001), co-
lorectal cancer (aOR, 3.30 [95% CI, 2.55-4.26; P < .001]) and
lung cancer (aOR, 2.53 [95% CI, 2.10-3.06]; P < .001) and weak-
est but still significant for leukemia (aOR, 1.58 [95% CI, 1.17-
2.14]; P = .003). Women had a higher risk of COVID-19 than men
for colorectal cancer (aOR, 1.81 [95% CI, 1.41-2.33]; P < .001)
and NHL (aOR, 1.80 [95% CI, 1.46-2.22]; P < .001). Age in
general had no association (range of aORs for seniors, 0.62
[95% CI, 0.48-0.79] to 0.99 [95% CI, 0.82-1.19]) (Figure 3).
Similar racial disparity was observed without adjusting for
COVID-19 risk factors (eFigure in the Supplement).
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Hospitalization and Death Rates in Patients

With Cancer and COVID-19

The overall hospitalization rate for 15510 adult or senior pa-
tients with COVID-19 (aged =18 years) was 25.27%. Among 670
adult or senior patients with COVID-19 and recent cancer, 320
were hospitalized (47.76%), with higher rates for African Ameri-
can (150 of 270 [55.56%]) than White patients (160 of 370
[43.24%]) (P = .003). Among 14 840 adult or senior patients
with COVID-19 and no cancer, 3600 were hospitalized
(24.26%), with higher rates for African American (1900 of 5910
[32.15%]) than White patients (1370 of 7160 [19.13%]) (P < .001).
The hospitalization rate for the 270380 adult or senior pa-
tients with cancer but no COVID-19 was 33490 of 270 380
(12.39%), with higher rates for African American (5690 of
36360 [15.65%]) than White patients (26 280 of 203 870
[12.89%]) (P < .001) (Figure 4). Overall, the hospitalization rate
for patients with a recent cancer diagnosis and COVID-19 (320
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Figure 4. Hospitalization and Death Rates Among Adults
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Index for the deceased status. Outcomes for specific cancer types were not examined owing to their small sample sizes for COVID-19 cases and outcome information.

2p<.0L
bp< .00

of 670 [47.76%]) was higher than for patients with COVID-19
but no recent cancer diagnosis (3600 of 14 840 [24.26%];
P <.001) and that for patients with recent cancer diagnosis but
no COVID-19 (33490 of 270 380 [12.39%]; P < .001). COVID-19
and cancer had a synergistic effect on hospital rate, because
the rate was greater than the sum of their individual effects.

The overall death rate for 15 510 adult and senior patients
with COVID-19 was 5.61%. The death rate in 670 adult pa-
tients with COVID-19 and cancer was 100 of 670 (14.93%), simi-
lar for African Americans (50 of 270 [18.52%]) and White pa-
tients (50 0f 370 [13.51%]; P = .11). The death rate in 14 840 adult
patients with COVID-19 without cancer was 5.26%, higher for
African American (400 of 6110 [6.55%]) than White patients
(330 0f 7450 [4.43%]; P < .001). The death rate for the 270 380
adult and senior patients with cancer but no COVID-19 was
4.03%, with higher rates for African American (2360 of 36 360
[6.49%]) than White patients (7910 of 203 870 [3.88%];
P < .001) (Figure 4). Cancer had a synergistic effect on death
rate because the rate was greater than the sum of their indi-
vidual effects.

|
Discussion

Based on this analysis of a nationwide EHR database in the US,
we found that patients with recently diagnosed cancer, par-
ticularly leukemia, lung cancer, and NHL, had significantly in-
creased risk of COVID-19. Compared with White patients with
cancer, African American patients with cancer had signifi-
cantly higher risk of COVID-19. Cancer and COVID-19 had syn-
ergistic effects on patient outcome as measured by rates of hos-
pitalization and death. This study identified high-risk groups
of patients with cancer based on demographic groups and can-
cer types that are most vulnerable to COVID-19.

We showed that patients with cancer in general are at sig-
nificantly increased risk for COVID-19 infection compared with
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patients without cancer after adjusting for COVID-19 risk fac-
tors. The odds of COVID-19 infection for patients with cancer
decreased after adjusting for COVID-19 risk factors, indicat-
ing that these factors contributed to their risk for COVID-19 in-
fections. However, even after adjusting for COVID-19 risk fac-
tors, patients with cancer still were at high risk for COVID-19
forall 13 cancer types. These results, especially the widely dif-
ferent aORs for different types of cancer and the high risk for
blood cancers, indicate that differential systems affected by
the cancer may affect a patient’s risk for COVID-19 infection.
In addition, a recent study showed that front-line health care
workers were at increased risk for COVID-19.2¢ Patients with
cancer may be at high risk for COVID-19 because they often have
high levels of contact with health care workers. In our study,
patients with more deadly cancers (cancers with poorer prog-
nosis), such as pancreatic cancer and liver cancer (aORs, 6.26
and 6.49), did not have higher risk for COVID-19 infection com-
pared with less deadly cancer such as leukemia and NHL (aORs,
12.16 and 8.54), suggesting that although high levels of health
care contact might have contributed to increased risk for
COVID-19 in patients with cancer, cancer itself had direct ef-
fect on a patient’s risk for COVID-19 infection. This is further
supported by the finding among 13 cancer types that blood can-
cers, which can directly change the way the immune system
blood cells work, had highest risk associations with COVID-19
infection. Our finding is consistent with the fact that people
with cancer are in general more likely to get infections be-
cause of changes in the immune system that control their
body’s defense systems.!! Other factors, such as socio-
economic status and behavioral and lifestyle factors, may also
contribute to COVID-19 infection in patients with cancer.
However, owing to limited information available in the EHR
database, we are unable to assess how these factors affected
the risk for COVID-19 infection among patients with cancer.
African American patients with cancer were more likely
to be infected by COVID-19 than White patients. This finding
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is consistent with data showing that COVID-19 affects African
American individuals at a disproportionately high rate.2”2% Qur
study showed similar racial disparity for COVID-19 infection
before and after controlling for COVID-19 risk factors, suggest-
ing that other factors, such as social adversity, economic sta-
tus, access to health care, and lifestyle, may have contributed
to this profound racial disparity. Owing to limited socioeco-
nomic, behavioral, and lifestyle information available in the
EHR database, we are unable to assess how these factors con-
tributed to this profound racial disparity in patients with can-
cer. The underlying mechanisms for the observed cancer-
specific race disparity, with the largest disparity seen for breast
cancer (aOR, 5.44), remain unclear and warrant further inves-
tigation. Although advanced age is a risk factor for cancer, our
study showed that age had no additional effect on the risk for
COVID-19 infection among patients with cancer. Women had
a higher risk of COVID-19 than men among patients with co-
lorectal cancer and NHL. Reasons for this cancer-specific sex
disparity are unclear and could reflect either a higher risk
for infection or a higher likelihood of being tested.

Our study found that 5.61% of patients with COVID-19 died,
consistent with the death rate of 5.9% reported by Centers for
Disease Control and Prevention.! In our study, we found that
patients with cancer and COVID-19 had significantly worse out-
comes than patients with COVID-19 without cancer and pa-
tients with cancer without COVID-19. We observed synergis-
tic effects between COVID-19 and cancer on both death and
hospitalization rates. Biological mechanisms underlying this
synergy warrant further investigation. African American pa-
tients with cancer had higher hospitalization rates than White
patients, which is consistent with a recent report of dispro-
portionately high rates of COVID-19 hospitalizations for the
Black population.?® However, African American patients with
cancer were not more likely to die of COVID-19, as shown in
our study.

Limitations

Our study is based on retrospective analysis of patient EHR
data. Patient EHR data have been widely used for observa-
tional studies, including use of health care services, drug use,
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epidemiology (incidence and prevalence), risk factors, and
safety surveillance.>°32 However, patient EHR data have in-
herent limitations when used for research purposes: data are
collected for billing purposes; often reflect underdiagnosis,
overdiagnosis, or misdiagnosis; do not include all confound-
ing factors; have limited time-series information for patients;
have limited information on socioeconomic and lifestyle de-
terminants; and lack finer-grained information of admitting
diagnoses of hospitalization and contributing causes of death,
among others. The new concept COVID-19 was first included
in the March 2020 SNOMED-CT International Edition In-
terim Release under the parent term coronavirus infection®?;
however, at the time of this study (August 14, 2020), this up-
date had not yet been incorporated in the Explorys EHR da-
tabase. In our study, the status of COVID-19 was based on the
parent term coronavirus infection. The number of COVID-19
cases in the database is significantly lower than the number
of reported cases in the US. Because COVID-19 is regularly
tested at drive-up and pop-up testing locations, it is possible
that many of the reported cases may not be captured by diag-
nosis codes in EHRs. Despite these limitations, this large na-
tionwide database allows us to identify early trends in risks,
disparities, and outcomes of COVID-19 in patients with can-
cer engaged with health care systems on a nationwide basis.

. |
Conclusions

Findings from this EHR-based case-control study on a nation-
wide population basis are associational, not causal. These as-
sociational findings need to be replicated in and compared with
other EHR databases and patient registries such as the Na-
tional Patient-Centered Clinical Research Network (PCOR-
net), Accrual to Clinical Trials (ACT) network, TriNetX, Na-
tional COVID Cohort Collaborative (N3C), and the COVID-19 and
Cancer Consortium (CCC19) registry. Our study provides anin-
dependent extension of 2 recent reports by the COVID-19 and
Cancer Consortium registry*!> and can serve as a baseline
study of initial COVID-19 risk, racial disparity, and outcomes
observations in patients with cancer across the US.
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