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ABSTRACT

Background. Early reports suggested increased mortality
from COVID-19 in patients with cancer but lacked rigorous
comparisons to patients without cancer. We investigated
whether a current cancer diagnosis or cancer history is an
independent risk factor for death in hospitalized patients
with COVID-19.
Patients and Methods.We identified patients with a history
of cancer admitted to two large hospitals between March
13, 2020, and May 10, 2020, with laboratory-confirmed
COVID-19 and matched them 1:2 to patients without a his-
tory of cancer.
Results. Men made up 56.2% of the population, with a
median age of 69 years (range, 30–96). The median time
since cancer diagnosis was 35.6 months (range, 0.39–435);
80% had a solid tumor, and 20% had a hematologic malig-
nancy. Among patients with cancer, 27.8% died or entered
hospice versus 25.6% among patients without cancer. In

multivariable analyses, the odds of death/hospice were sim-
ilar (odds ratio [OR], 1.09; 95% confidence interval [CI],
0.65–1.82). The odds of intubation (OR, 0.46; 95% CI, 0.28–
0.78), shock (OR, 0.54; 95% CI, 0.32–0.91), and intensive
care unit admission (OR, 0.51; 95% CI, 0.32–0.81) were
lower for patients with a history of cancer versus controls.
Patients with active cancer or who had received cancer-
directed therapy in the past 6 months had similar odds of
death/hospice compared with cancer survivors (univariable
OR, 1.31; 95% CI, 0.66–2.60; multivariable OR, 1.47; 95% CI,
0.69–3.16).
Conclusion. Patients with a history of cancer hospitalized for
COVID-19 had similar mortality to matched hospitalized patients
with COVID-19 without cancer, and a lower risk of complications.
In this population, patients with active cancer or recent cancer
treatment had a similar risk for adverse outcomes compared
with survivors of cancer. The Oncologist 2021;26:685–693

Implications for Practice: This study investigated whether a current cancer diagnosis or cancer history is an independent
risk factor for death or hospice admission in hospitalized patients with COVID-19. Active cancer, systemic cancer therapy,
and a cancer history are not independent risk factors for death from COVID-19 among hospitalized patients, and hospital-
ized patients without cancer are more likely to have severe COVID-19. These findings provide reassurance to survivors of
cancer and patients with cancer as to their relative risk of severe COVID-19, may encourage oncologists to provide standard
anticancer therapy in patients at risk of COVID-19, and guide triage in future waves of infection.

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2) is causing a global pandemic. The resulting disease,
COVID-19, can cause severe lower respiratory tract infection

and systemic inflammatory response, requiring mechanical
ventilation and frequently resulting in death [1]. In a large
cohort of patients with COVID-19, the 5% who became
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critically ill had a 49% mortality rate [2]. These poor out-
comes are more frequent in patients with various com-
orbidities, including diabetes, hypertension, and advanced
age [3, 4]. Initial reports suggested that cancer may be an
independent risk factor for severe COVID-19, and severe out-
comes from COVID-19 are a major concern among patients
with cancer and survivors of cancer [5–10]. To date, however,
there is a paucity of rigorously controlled data to address
whether people with active cancer or a history of cancer are
more likely to experience severe complications and death as
a consequence of COVID-19 compared with similar patients
without cancer. Additionally, there are limited data available
to guide oncologists regarding whether survivors of cancer
who have completed active treatment and have no evidence
of disease are at increased risk for adverse outcomes follow-
ing a COVID-19 diagnosis. We therefore reviewed a series of
patients admitted to two large teaching hospitals in Boston
with confirmed COVID-19 to compare outcomes among
patients with and without a history of cancer.

MATERIALS AND METHODS

Participants
We identified all patients over 18 years of age admitted to
any inpatient service at Brigham and Women’s Hospital,
Dana-Farber Cancer Institute, or Massachusetts General
Hospital between March 13, 2020, and May 10, 2020, for
management of symptomatic confirmed COVID-19 con-
firmed by reverse transcriptase-polymerase chain reaction
respiratory tract specimens. Patients with a history of can-
cer were defined as those with a current diagnosis of, or a
history of, invasive cancer or hematologic malignancy;
patients with a history of noninvasive cancers, cutaneous
squamous or basal cell carcinomas, or premalignant hema-
tologic conditions were excluded. These cases were mat-
ched 1:2 to patients without a history of cancer accounting
for age (�5 years, with two cases ≥90 years of age matched
�7 years), admission date (�2 weeks), race, and gender.
The current analysis represents follow-up through June
15, 2020. This study was determined to be exempt from full
review and granted a waiver of informed consent by the
Dana-Farber/Harvard Cancer Center institutional review
board.

Data Collection
Data abstracted from the medical record included socio-
demographics, body mass index (BMI), underlying com-
orbidities, immunosuppressed status (e.g., recent treatment
with steroids, immunomodulatory therapy, chemotherapy, or
history of allogenic or autologous bone marrow transplant
[BMT]), COVID-19 clinical complications, outcomes, and
treatments including chloroquine/hydroxychloroquine and
COVID-19 clinical trials (e.g., remdesivir, tocilizumab). Heart
rate, blood pressure, temperature, respiratory rate, oxygen
saturation, and laboratory test results (white blood cell
count, hematocrit, platelets, absolute neutrophils and lym-
phocytes, creatinine, alanine aminotransferase, aspartate
aminotransferase, total bilirubin, ferritin, lactic acid dehydro-
genase, C-reactive protein, troponin, erythrocyte

sedimentation rate, D-dimer, interleukin-6, and procalcitonin)
at admission were also extracted.

For all patients, preadmission medical history was used
to calculate a Charlson comorbidity index [11], and com-
orbidities were also grouped: cardiovascular/vascular, neu-
rologic, gastrointestinal/hepatic, renal, pulmonary, and
diabetes. For patients with a history of cancer, cancer type
and stage, date of diagnosis, current treatment or treat-
ment in the last 6 months (chemotherapy, targeted therapy,
immunotherapy, radiation), and history of BMT were docu-
mented. A group of patients with “active cancer” was
defined to isolate a population with more significant cancer
burden or undergoing potentially deleterious treatments.
Thus, “active cancer” was defined as having metastatic
disease, a current hematological malignancy, or cancer-
directed systemic medical therapy (except endocrine
therapy) within the last 6 months. Those without “active
cancer” were categorized as “cancer survivors.”

Statistical Analysis

Primary Analysis: Patients with or Without a History of
Cancer
Descriptive statistics were used to compare patient and
clinical characteristics and outcomes of patients with
and without cancer. The primary endpoint was death or
hospice admission during hospitalization for COVID-19. Sec-
ondary outcomes included intubation and admission to the
intensive care unit (ICU). Conditional logistic regression was
used to evaluate the association between having cancer
and adverse clinical outcomes and complications (death/
discharge to hospice, intubation, ICU hospitalization, shock,
and acute respiratory distress syndrome [ARDS]). Odds
ratios (ORs) and 95% confidence intervals (CIs) were calcu-
lated; p values ≤.05 were considered statistically significant.
The primary multivariable model was adjusted for baseline
immunosuppression and comorbidities (cardiovascular dis-
ease, pulmonary disease, and diabetes). We fit additional
models stratified by “active cancer” status to identify
whether having metastatic disease, a current hematological
malignancy, or cancer-directed systemic medical therapy
within the last 6 months differentially impacted mortality.

Analysis of Patients with a History of Cancer
Among patients with a history of cancer, logistic regression
models (unadjusted for matching factors) were fit to iden-
tify predictors of death/hospice and ORs and 95% CIs calcu-
lated. Variables with p values ≤.20 in univariable analyses
were included in the final multivariable model; p values
≤.05 were considered statistically significant. All analyses
were conducted using SAS 9.4 (SAS Institute, Cary, NC).

RESULTS

Study Population Characteristics
Between March 13, 2020, and May 10, 2020, 183 patients
with a history of cancer were admitted with COVID-19. Of
these 183, two matched control patients without a history of
cancer were identified for 162 cases (88.5%). Table 1 includes
demographic information and reported comorbidities at
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presentation for the cases (n = 162), matched noncancer con-
trols (n = 324), and total study population (n = 486). Median
age of the population was 69 years (range, 30–98), 56.2%
were men, and 35.5% were non-White. Diabetes (38.7%), car-
diovascular/vascular (32.7%), and renal (27.2%) disease were
the most prevalent comorbidities. A higher proportion of
patients with cancer (32.1%) were immunosuppressed than
patients without a history of cancer (8.6%).

Case and Treatment Characteristics
Cancer and treatment characteristics for cases are pres-
ented in Table 2. The majority (79.6%) had a history of a

solid tumor malignancy, and hematologic malignancies
accounted for 20.4% of cases (supplemental online
Table 1). Cancer diagnosis had occurred a median of
35.6 months (range, 0.39–435.4) prior to admission. At the
time of admission for COVID-19, nearly one third (31.7%) of
all cases were currently receiving or had received cancer-
directed systemic therapy within the last 6 months. Of
cases, most (21.6%) were receiving cytotoxic chemotherapy,
13.6% targeted therapy (not including hormonal therapy),
and 8.0% immunotherapy. At the time of admission for
COVID-19, 19% (31/162) had metastatic disease and 15.4%
(25/162) had active hematologic malignancy. Overall, 47.5%

Table 1. Patient characteristics

Characteristics
Total (n = 486),
n (%)

Current or prior cancer history
(n = 162), n (%)

No history of cancer
(n = 324), n (%)

Median age (range), yr 69 (30–98) 69.0 (30–98) 68.5 (30–96)

Age, yr

<65 173 (35.6) 55 (34.0) 118 (36.4)

65–74 135 (27.8) 50 (30.9) 85 (26.2)

≥75 178 (36.6) 57 (35.2) 121 (37.4)

Sex

Male 273 (56.2) 91 (56.2) 182 (56.2)

Female 213 (43.8) 71 (43.8) 142 (43.8)

Race

Asian 11 (2.4) 4 (2.5) 7 (2.3)

Black 92 (20.0) 29 (18.4) 63 (20.8)

White 299 (64.9) 102 (64.5) 197 (65.0)

More than one race or other 59 (12.8) 23 (14.6) 36 (11.9)

Unknown/not reported 25 4 21

Hispanic

Yes 64 (13.2) 22 (13.5) 42 (15.1)

No 373 (76.8) 137 (84.6) 236 (84.9)

Unknown/not reported 49 (10.0) 3 (1.9) 46

First language other than English

Yes 123 (25.3) 40 (24.7) 83 (25.6)

No 363 (74.7) 122 (75.3) 241 (74.4)

BMI

<18.5 13 (2.7) 6 (3.7) 7 (2.2)

18.5–24.9 114 (23.6) 46 (28.4) 68 (21.2)

25–29.9 158 (32.7) 50 (30.9) 108 (33.6)

≥30 198 (41.0) 60 (37.0) 138 (43.0)

Missing 3 — 3

Median Charlson score (range) 5 (0–19) 7 (2–19) 4 (0–14)

Presence of comorbidities

Cardiovascular/vascular 159 (32.7) 48 (29.6) 111 (34.3)

Neurologic 58 (11.9) 10 (6.2) 48 (14.8)

GI/hepatic 25 (5.1) 13 (8.0) 12 (3.7)

Renal 132 (27.2) 49 (30.3) 83 (25.6)

Pulmonary 92 (18.9) 33 (20.4) 59 (18.2)

Diabetes 188 (38.7) 56 (34.6) 132 (40.7)

Immunosuppressed 80 (16.5) 52 (32.1) 28 (8.6)

Abbreviations: —, no data; BMI, body mass index; GI, gastrointestinal.
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of cases were defined as “active cancer,” having either met-
astatic or hematologic malignancy at COVID-19 admission
and/or received cancer-directed systemic therapy within
the last 6 months. The remaining cases (52.5%) were classi-
fied as “survivors.”

Clinical Presentation
Vital signs and summary laboratory values at the time of
admission are detailed in supplemental online Table 2. Pre-
senting vitals and laboratory values were similar between
cases and matched controls; notable differences include a
lower absolute lymphocyte count (0.73 vs. 0.83; p = .004).

Clinical Course and Outcomes: Cases Versus
Noncancer Controls
In-hospital treatments, complications, and outcomes are
shown in Table 3. Among all patients, the majority (75%)
received antibiotics and nearly half (44.5%) were treated
with chloroquine or hydroxychloroquine. Enrollment in a
remdesivir (16%) or tocilizumab clinical trial was less com-
mon (10%). The most prevalent complication over the
course of hospitalization was pneumonia (87.9%), followed
by ARDS (39.1%). Approximately 40% of patients were
admitted to the ICU and 36.6% were intubated. As of last
follow-up, 46 cases (28.4%) and 82 controls (25.3%) had
either died in the hospital or been discharged to hospice; a
total of 10 patients were still hospitalized (4 cases and
6 controls). The mean duration of hospitalization was iden-
tical (median, 9 days) among cases and controls.

Results from univariable and multivariable conditional
logistic regression, including model results stratified by can-
cer status, are shown in Tables 4 and 5. In univariable ana-
lyses, cases and noncancer controls had similar odds of
death or hospice during their hospitalization (OR, 1.21; 95%
CI, 0.77–1.92); the odds of death or discharge to hospice
(OR, 1.09 95% CI, 0.65–1.82) remained similar between
cases and noncancer controls after adjusting for baseline
comorbidities and immunosuppression at the time of
admission (Table 4). There was a trend toward higher odds
of death or hospice among patients with active cancer ver-
sus matched noncancer controls in univariable analyses
(OR, 1.98; 95% CI, 0.99–3.96) that was nonsignificant in the
multivariable model that adjusted for immunosuppression
and baseline comorbidities, (OR, 2.18; 95% CI, 0.82–5.77).

In both univariable and multivariable analyses (Table 5),
patients with cancer were less likely to experience compli-
cations of COVID-19, including intubation (univariable OR,
0.57; 95% CI, 0.36–0.88; multivariable OR, 0.46, 95% CI;
0.28–0.78), shock (univariable OR, 0.61; 95% CI, 0.38–0.98;
multivariable OR, 0.54; 95% CI, 0.32–0.91), and ICU admis-
sion (univariable OR, 0.55; 95% CI, 0.36–0.83; multivariable
OR, 0.51; 95% CI, 0.32–0.81) and a trend toward a lower
risk of ARDS that did not reach statistical significance
(univariable OR, 0.67; 95% CI, 0.45–1.01; multivariable OR,
0.64; 95% CI, 0.41–1.01). Results were similar in models
stratified by active cancer status.

Risk Factors for Mortality Among Patients with a
History of Cancer
Analysis of factors associated with mortality or hospice
among all cases is shown in Table 6. In unadjusted analysis,
mortality or hospice was associated with older age
(age ≥ 75 vs. <65; OR, 3.83; 95% CI, 1.52–9.64) and a higher
Charlson score reflecting the inclusion of cancer diagnosis
into this scoring system (OR, 1.18; 95% CI, 1.05–1.33). Older

Table 2. Cancer and treatment characteristics for cases
(n = 162)

Characteristic n (%)

Cancer type

Solid tumor 129 (79.6)

Hematologic malignancy 33 (20.4)

Median months since diagnosis (range)a 35.6 (0.39–435.4)

Stage at diagnosis

Local/local with nodes 101 (62.3)

Distant metastases 23 (14.2)

Hematologic 33 (20.4)

Unknown 5 (3.1)

Status of cancer at COVID diagnosis

Active treatment/metastatic disease 77 (47.5)

NED 85 (52.5)

Any current systemic treatment

Yes 43 (26.5)

No 119 (73.5)

Any systemic treatment in the last 6 months

Yes 51 (31.7)

No 110 (68.3)

Unknown 1

Any active (current and/or in last 6 months)

Systemic treatment

Yes 51 (31.5)

No 111 (68.5)

Active (current and/or in last 6 months)

Chemotherapy

Yes 35 (21.6)

No 127 (78.4)

Active (current and/or in last 6 months)

Targeted therapy

Yes 22 (13.6)

No 140 (86.4)

Active (current and/or in last 6 months)

Immunotherapy

Yes 13 (8.0)

No 149 (92.0)

Prior radiation

Yes 68 (43.6)

No 88 (56.4)

Unsure 6
aExcludes three patients for whom date of cancer diagnosis was not
available and one patient who was diagnosed during COVID-19
hospitalization.
Abbreviation: NED, no evidence of disease.
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age remained significantly associated with mortality or hos-
pice in multivariable analyses (OR, 3.05; 95% CI, 1.02–9.14).
Compared with survivors, patients with active cancer were
not more likely to die or be discharged to hospice
(univariable OR, 1.31; 95% CI, 0.66–2.60; multivariable OR,
1.40 95% CI, 0.66–2.97). Other sociodemographic, cancer-
related, and COVID treatment–related covariates were
similarly not associated with an increased risk of death or
hospice following hospitalization among patients with a
history of cancer.

DISCUSSION

Patients with a history of cancer who are hospitalized with
COVID-19 are at high risk of death, but among a cohort of
patients hospitalized at two large, urban, academic medical

centers, we found that the risk of hospital death or dis-
charge to hospice was similar for patients with and without
a history of cancer. Importantly, patients with and without a
cancer history both presented with similar laboratory values
and vital signs, suggesting similar severity of COVID-19 at
hospital admission. Additionally, among patients with a can-
cer history, those with current cancer, with advanced
cancer, or who had recently received cancer-directed medi-
cal therapy had a similar risk of death compared with survi-
vors of cancer. Results from earlier studies that have
compared COVID-19 outcomes between patients with and
without a history of cancer have suggested that cancer is a
risk factor for mortality from COVID-19 [12]. A single institu-
tion study from New York City reported a case fatality rate
of 28%, approximately twice the rate of controls without
cancer from the same institution (14%) and more than

Table 3. Clinical course and complications

Complication Total (n = 486), n (%)
Current or prior cancer history
(n = 162), n (%)

No history of cancer
(n = 324), n (%)

Antibiotics 364 (74.9) 126 (77.8) 238 (73.5)

(Hydroxy)chloroquine 216 (44.4) 61 (37.7) 155 (47.8)

Remdesivir clinical trial 79 (16.3) 40 (24.7) 39 (12.0)

Tocilizumab 46 (9.5) 21 (13.0) 25 (7.7)

Pneumonia 427 (87.9) 134 (82.7) 293 (90.4)

CV complications 116 (23.9) 33 (20.4) 83 (25.6)

ARDS 190 (39.1) 54 (33.3) 136 (42.0)

CV shock/shock 123 (25.3) 32 (19.8) 91 (28.1)

DVT 8 (1.7) 2 (1.2) 6 (1.9)

Renal failure 59 (12.1) 11 (6.8) 48 (14.8)

Intubation 168 (36.6) 44 (27.2) 124 (38.3)

ICU admission 198 (40.7) 52 (32.1) 146 (45.1)

Median duration of hospitalization
(range)a, days

9 (0–76) 9 (1–73) 9 (0–76)

Disposition

Discharged home 189 (39.7) 69 (42.6) 120 (37.0)

Discharged to facility 159 (33.3) 43 (26.5) 116 (35.8)

Discharged to hospice 3 (0.6) 1 (0.6) 2 (0.6)

Deceased 125 (26.3) 45 (27.8) 80 (24.7)

Still hospitalized 10 (2.1) 4 (2.5) 6 (1.9)
aExcludes n = 10 still hospitalized as of last follow-up.
Abbreviations: ARDS, acute respiratory distress syndrome; CV, cardiovascular; DVT, deep vein thrombosis; ICU, intensive care unit.

Table 4. Association of cancer and COVID-19 mortality or discharge to hospice in all patients, patients with active cancer,
and patients with a prior cancer history

Death/discharge to hospicea

Cancer history Unadjusted OR (95% CI) p value Adjustedb OR (95% CI) p value

All patients with a current or prior cancer history 1.21 (0.77–1.92) .41 1.09 (0.65–1.82) .75

Patients with active cancer 1.98 (0.99–3.96) .053 2.18 (0.82–5.77) .12

Patients with a prior cancer history but currently NED 0.82 (0.44–1.52) .53 0.75 (0.38–1.46) .39
aExcludes 10 patients still hospitalized as of last follow-up.
bAdjusted for immunosuppressive status, cardiovascular comorbidities, pulmonary comorbidities, and diabetes.
Abbreviations: CI, confidence interval; NED, no evidence of disease; OR, odds ratio.
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fourfold higher than the New York City–wide rate (6%) [6].
Similarly, a multi-institutional Chinese study reported higher
mortality (OR, 2.34; 95% CI, 1.15–4.77) among cancer cases
compared with controls, although the proportion of cases
who died (11.4%) was substantially lower than in our popu-
lation [7]. Possible explanations for these divergent findings
may include differences between study populations includ-
ing selection of controls, as well as definitions and assess-
ments of key risk factors and outcomes.

A recent meta-analysis that examined outcomes among
patients with cancer found that in a subgroup analysis of
studies that was restricted to patients older than 65, mortal-
ity between individuals with and without cancer was in fact
similar [12], supporting the findings of our study, where
nearly two thirds of patients were ≥ 65 years of age. Addi-
tionally, a recent matched cohort study comparing out-
comes between admitted patients with cancer and
matched controls showed no statistically significant differ-
ence in mortality, suggesting that a history of cancer and
cancer-directed therapies alone may not confer a higher
risk of the most severe COVID-19 outcomes in hospitalized
patients [13].

In our study population, patients with metastatic or
hematologic malignancy or who had undergone treatment
within the last 6 months were not at increased risk for poor
outcomes compared with survivors of cancer. These results
are largely consistent with a prospective study based in the
U.K. that included 800 patients with cancer with COVID-19
where the majority (88%) of patients were hospitalized.
Overall, 28% of patients died; however, recent systemic
treatment and having metastatic disease were not associ-
ated with an increased risk of death [14]. In contrast, only
half of patients with cancer enrolled in the international
COVID and Cancer Consortium (CCC) registry were hospital-
ized, suggesting that the substantially lower 30-day mortal-
ity observed—13%—among this cohort of more than
900 patients with cancer is attributable to the heterogene-
ity in COVID-19 severity [8]. In the CCC, those with stable or
progressive disease (vs. remission or no evidence of dis-
ease) had higher odds of death, and chemotherapy within
the last month was not associated with increased mortality
[8]. Other studies have documented an increased risk of
mortality associated with receipt of chemotherapy, includ-
ing a study from China inclusive of 205 patients diagnosed
with cancer, the majority of whom (80%) were ≥ 1 year
from diagnosis [5].

Cancer and its associated treatment modalities would
seem likely to contribute to SARS-CoV-2 infection and poor
outcomes. Patients are in frequent contact with the health
care system, have a serious comorbidity, and are often
receiving immunosuppressive treatments. This has
prompted more conservative cancer treatment from many
oncologists, and in some cases, discussions of deprioritizing
patients with cancer for receipt of scarce resources during
COVID-19 surge periods [15–17]. Given our finding that sys-
temic cancer treatment may not adversely impact out-
comes, withholding systemic cancer therapy and refusing
scarce resources to patients with cancer may not be
warranted. Furthermore, survivors of cancer can
be reassured that their risks do not appear to beTa
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substantially higher by virtue of their cancer history. Inter-
ventions such as ICU admission and intubation were less
common in patients with cancer, which might be due to
either less severe disease or less aggressive care. Severe

complications of COVID-19 (ARDS, shock, and renal failure)
were also less common in patients with cancer than with-
out cancer. Although the cause of this is unclear, it is possi-
ble that the immunosuppressive impact of cancer and its

Table 6. Univariable and multivariable factors associated with mortality/discharge to hospice in patients with cancer
(n = 158)

Factor
Discharged home
or to facility (n = 112)

Deceased/Discharged
to hospice (n = 46)

Unadjusted
OR (95% CI) p value

Adjusteda

OR (95% CI) p value

Age, yrs

<65 44 (39.3) 8 (17.4) Reference Reference

65–74 35 (31.3) 15 (32.6) 2.36 (0.90–6.19) .08 2.10 (0.75–5.91) .16

≥75 33 (29.5) 23 (50.0) 3.83 (1.52–9.64) .004 3.05 (1.02–9.14) .05

BMI

<18.5 4 (3.6) 1 (2.2) 0.43 (0.04–4.14) .46

18.5–24.9 29 (25.9) 17 (37.0) Reference

25–29.9 36 (32.1) 12 (26.1) 0.57 (0.23–1.38) .21

≥30 43 (38.4) 16 (34.8) 0.64 (0.28–1.46) .28

Race

Asian 3 (2.7) 1 (2.2) 0.86 (0.09–8.59) .90 0.40 (0.04–4.62) .46

Black 18 (16.1) 9 (19.6) 1.29 (0.52–3.20) .59 1.50 (0.57–3.94) .42

White 72 (64.3) 28 (60.9) Reference

More than one race/
other/unknown

19 (17.0) 8 (17.4) 1.08 (0.43–2.76) .87 1.26 (0.47–3.36) .65

Gender

Male 60 (53.6) 30 (65.2) Reference Reference

Female 52 (46.4) 16 (34.8) 0.62 (0.30–1.25) .18 0.67 (0.32–1.41) .29

Cancer type

Hematologic malignancy 20 (17.9) 11 (23.9) Reference

Solid tumor 92 (82.1) 35 (76.1) 0.69 (0.30–1.59) .39

Median months since
diagnosis (range)b

32.0 (0.39–435.4) 56.3 (0.79–382.4) 1.00 (1.00–1.01) .30

Status of cancer at COVID-19
diagnosis

Active disease/treatment 51 (45.5) 24 (52.2) 1.31 (0.66–2.60) .45 1.40 (0.66–2.97) .38

Survivor (No evidence of
disease)

61 (54.5) 22 (47.8) Reference Reference

Median Charlson score
(range)

7 (2–19) 8 (4–14) 1.18 (1.05–1.33) .006 1.10 (0.95–1.28) .21

Immunosuppression

Yes 35 (31.3) 14 (30.4) 0.96 (0.46–2.03) .92

No 77 (68.8) 32 (69.6) Reference

Presenting with respiratory
complaint

Yes 88 (78.6) 34 (73.9) 0.77 (0.35–1.72) .53

No 24 (21.4) 12 (26.1) Reference

Receipt of (hydroxy)
chloroquine

Yes 40 (35.7) 19 (41.3) 1.27 (0.63–2.56) .51

No 72 (64.3) 27 (58.7) Reference

Total (n = 158) excludes n = 4 still hospitalized.
Data are presented as n (%) unless otherwise noted.
aMultivariable model adjusted for age, race, gender, status of cancer diagnosis, and other variables with a p value <.20 in univariable modeling.
bExcludes n = 3 (n = 1 still deceased/discharged to hospice, n = 2 discharged home or to facility).
Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio.
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associated treatments may protect against the more severe
immune-mediated complications of COVID-19 [18]. Indeed,
steroids can improve outcomes of patients with severe
COVID-19 [19, 20]. We found that patients with cancer
were more likely to be enrolled on a remdesivir clinical trial,
perhaps improving upon their true outcomes. However,
remdesivir is only known to shorten the duration of illness,
without a statistically significant impact on mortality, which
was the primary outcome in our study [21].

Strengths of our study include the systematic identifica-
tion of cases, with controls matched on known risk factors
for poor outcomes, as well as minimal missing data for both
risk factors and key outcomes. Importantly, our patient pop-
ulation was treated at two major teaching hospitals where
ventilators and medications to treat COVID-19 were consis-
tently available, even during the surge in COVID-19 cases in
this region.

The findings from our study should be interpreted in the
context of several limitations. First, our study may not be
sufficiently powered to detect small differences between
patients with and without cancer. In particular, the number
of patients with active disease or who were currently
undergoing cancer treatment was relatively small and sub-
group analyses may have been underpowered to identify
significant associations among these patients. Cancer, its
associated treatments, and the patients impacted are highly
heterogenous; there are likely malignancies, anticancer
therapies, and patient populations not represented in our
study that might confer a greater risk of severe COVID-19.
For example, recent studies have shown that specific high-
intensity cytotoxic regimens, such as platinum with
etoposide, are associated with worse COVID-19 outcomes
[22]. All patients were treated at large, urban, academic
hospitals and our results may not be generalizable to
patients treated in other settings. There is also the potential
for misclassification of our primary outcome because we
did not conduct additional follow-up following hospital dis-
charge. Thus, it is possible patients discharged home or to
another facility may have subsequently died and this would
not have been captured. In addition, we cannot exclude the
potential for unmeasured confounding by factors that may
impact COVID-19 complications and outcomes that we were
unable to robustly capture with chart abstraction, such as
smoking. Nonetheless, we were able to capture several
well-characterized risk factors, including age, race, BMI, and
comorbidities, and account for these characteristics in our
analyses. It is possible that patients without cancer pres-
ented to the hospital with more severe COVID-19 than
patients with cancer; however, similar presenting laboratory
values and vitals between the two groups argue they had
similar severity of disease at presentation. Finally, because
COVID-19 testing is not universal, and many patients are
treated in the outpatient setting, hospitalized patients rep-
resent only a subgroup of those with COVID-19.

CONCLUSION

COVID-19 is an unprecedented challenge to the medical
community, straining health care resources and requiring

diagnosis, triage, and treatment of those with a novel,
poorly characterized disease. A deeper knowledge of the
comorbidities and patient characteristics that portend a
severe outcome from COVID-19 can improve patient care
and guide the use of scarce resources in future waves of
infection. Our study contributes to the evolving knowledge
base of how COVID-19 impacts patients with cancer and
survivors of cancer, further informing clinical care
and enhancing our understanding of outcomes in this popu-
lation. We find that active cancer, systemic cancer therapy,
and a history of cancer are not independent risk factors for
death from COVID-19 among the hospitalized patients stud-
ied here, and hospitalized patients without cancer are more
likely to have severe COVID-19 marked by intubation, ICU
admission, ARDS, and shock.
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