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Abstract

Background: Complications in cancer patients with coronavirus disease 2019 (COVID-19) have not been examined. This anal-
ysis aimed to compare characteristics of COVID-19 patients with and without cancer and assess whether cancer is associated
with COVID-19 morbidity or mortality. Methods: COVID-19–positive patients with an inpatient or emergency encounter at the
Mount Sinai Health System between March 1, 2020, and May 27, 2020, were included and compared across cancer status on
demographics and clinical characteristics. Multivariable logistic regressions were used to model the associations of cancer
with sepsis, venous thromboembolism, acute kidney injury, intensive care unit admission, and all-cause mortality. Results:
There were 5556 COVID-19–positive patients included, 421 (7.6%) with cancer (325 solid, 96 nonsolid). Those with cancer were
statistically significantly older, more likely to be non-Hispanic Black and to be admitted to the hospital during their encoun-
ter, and had more comorbidities than noncancer COVID-19 patients. Cancer patients were statistically significantly more
likely to develop sepsis (adjusted odds ratio [ORadj] ¼ 1.31, 95% confidence interval [CI] ¼ 1.06 to 1.61) and venous thromboem-
bolism (ORadj ¼ 1.77, 95% CI¼1.01 to 3.09); there was no statistically significant difference in acute kidney injury (ORadj ¼ 1.10,
95% CI¼0.87 to 1.39), intensive care unit admissions (ORadj ¼ 1.04, 95% CI¼0.80 to 1.34), or mortality (ORadj ¼ 1.02, 95%
CI¼0.81 to 1.29). Conclusions: COVID-19 patients with cancer may have a higher risk for adverse outcomes. Although there
was no statistically significant difference in mortality, COVID-19 patients with cancer have statistically significantly higher
risk of thromboembolism and sepsis. Further research is warranted into the potential effects of cancer treatments on inflam-
matory and immune responses to COVID-19 and on the efficacy of anticoagulant therapy in these patients.

The coronavirus disease 2019 (COVID-19) pandemic caused by
the severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) emerged at the end of 2019 (1), resulting in millions of
people infected and more than 770 000 deaths worldwide as of
August 18, 2020 (2). The SARS-CoV-2 infection is associated with
a wide array of pulmonary, cardiovascular, and neurological
complications (3,4) and has been shown to stimulate a “cytokine
storm,” which results in an uncontrolled systemic inflamma-
tory response that can affect many organs (5).

There is an urgent need to understand the risk factors asso-
ciated with COVID-19 morbidity and mortality to accurately pre-
dict which patients will need the most aggressive care. Initial
studies identified patients with chronic pulmonary and cardio-
vascular diseases and diabetes at particularly high risk of severe

COVID-19 disease (6-9). It is currently unclear, however,
whether active cancer confers an increased risk of morbidity
and mortality in COVID-19 patients. Cancer patients are particu-
larly vulnerable, as they may be immunosuppressed because of
the cancer itself or as a consequence of cancer treatment (10).
Additionally, cancer is generally considered a hypercoaguable
state (11,12), and the finding that SARS-CoV-2 infection is asso-
ciated with thrombotic complications (13) has raised concerns
that cancer patients with COVID-19 could be particularly at risk
of thrombotic events.

To date, research on COVID-19 in cancer patients has largely
focused on how this infection affects cancer care. The pandemic
has clearly led to interruptions in cancer patients’ care, includ-
ing altered chemotherapy schedules, delays in scheduled
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curative surgery, and inaccessibility to clinical trials (14-16). The
few studies that have assessed risks those cancer patients with
COVID-19 face involve a relatively small subset of patients, are
largely focused on hematologic malignancies (17), and have pro-
vided conflicting data. Although there is some evidence that
COVID-19 patients with cancer, particularly those with hemato-
logical malignancies, have higher mortality risk (17,18), other
studies have found no increased risk of intubation or mortality
in cancer patients (19). Additionally, it is unclear what role can-
cer therapies play in altering the response to the COVID-19
infection.

We analyzed a large registry-based dataset to compare the
demographic and clinical characteristics of COVID-19 patients
with and without an active cancer to determine whether an ac-
tive cancer diagnosis was an independent risk factor for adverse
outcomes.

Methods

Patients

We used anonymous data from the Mount Sinai Health System
(MSHS) COVID-19 registry, which includes all patients with an
encounter at a MSHS facility who were diagnosed with, under
investigation, or screened for COVID-19. This research on a dei-
dentified dataset was deemed exempt by the Mount Sinai

Institutional Review Board (institutional review board# 20–
03334, FWA #00005656).

Patient encounters from March 1, 2020, to May 27, 2020, were
considered (n¼ 61 081). COVID-19–positive patients with blood
work performed were selected (n¼ 6144). To exclude asymp-
tomatic cancer patients who had COVID-19 tests during
encounters unrelated to COVID-19 and to identify patients who
were likely to have data on clinical outcomes, only those with
an inpatient or emergency encounter (n¼ 5637) were included
in this analysis. The first such record for each patient was se-
lected. Newborns and women who were at the hospital for labor
and delivery were excluded (n¼ 81), resulting in a final sample
of 5556 patients (Figure 1).

Patients were identified as having cancer if they had any
International Classification of Diseases (ICD)-10-CM code starting
with “C” that was listed as “active” in their medical record. This
included patients with a newly diagnosed cancer or those on an
active course of treatment, but not those with a history of cancer.
Leukemia, lymphoma, and myeloma were classified as nonsolid
tumors. Additional comorbidities, including asthma, chronic ob-
structive pulmonary disease, hypertension, obesity, diabetes,
chronic kidney disease, heart failure, atrial fibrillation, liver dis-
ease, and coronary artery disease, were also defined if they were
active in the patient’s medical record.

Labs of interest included blood cell counts, serum creatinine,
C-reactive protein, fibrinogen, D-dimer, ferritin, partial

Figure 1. Selection criteria.
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thromboplastin time, prothrombin time, tumor necrosis factor
(TNF)-alpha, interleukin (IL)-6, IL-8, and IL-1b.

Outcomes of interest included acute kidney injury, venous
thromboembolism (VTE), sepsis (as defined by Bone et al.) (20),
all-cause mortality, and, among those with an inpatient en-
counter, admissions to the intensive care unit (ICU).

Statistical Analysis

Cancer and noncancer patients were compared on baseline
demographics, comorbidities, and outcomes using v2 and t tests
for categorical and continuous variables. Laboratory values
were compared using linear regression for continuous values
and logistic regression for categorical variables, adjusted for
age, sex, and number of comorbidities. Lab value observations
outside 3 SDs of the mean were excluded (range nexcluded ¼ 2 for
IL-8 [0.2% of available observations] to 148 for serum creatinine
[2.7%]). Univariate and multivariable logistic regressions were
conducted to assess the associations of cancer with outcomes.
Multivariable analyses were adjusted for age, sex, and number
of additional comorbidities and stratified into solid and non-
solid cancers. Outcomes were also assessed using a 1:2 optimal
propensity score (21) matched analysis (maximum differ-
ence¼ 0.001), matching on age, sex, and number of comorbid-
ities. All tests of statistical significance were 2-sided at a ¼ .05. A
Bonferroni-Holm correction for multiple comparisons was ap-
plied to P values of outcomes analyses. Analyses were con-
ducted in SAS version 9.4 (SAS Institute, Cary, NC).

Results

Demographics and Comorbidities

There were 5556 patients who met the selection criteria, of
whom 421 (7.6%) had cancer (325 solid tumors, 96 nonsolid
tumors) (Table 1). Those with cancer were statistically signifi-
cantly older, more likely to be non-Hispanic Black, and more
likely to be admitted to the hospital than noncancer patients.
Those with cancer were statistically significantly more likely to
have additional comorbidities and were more frequently obese.
Those without cancer had statistically significantly worse O2

saturation than cancer patients (Table 1).
Patients with solid cancers were statistically significantly

older (mean¼ 70.9 vs 63.2 years, P < .001), more likely to be non-
Hispanic Black (26.5% vs 22.9%, P ¼ .005), and more likely to be
admitted to the hospital (88.3% vs 83.3%, P ¼ .03) than nonsolid
cancer patients.

Laboratory Values

After adjusting for age, sex, and number of comorbidities,
patients with cancer had statistically significantly lower levels
of platelets, hemoglobin, red blood cells, and white blood cells
than those without cancer. Mean counts of white blood cell sub-
populations, including lymphocytes, monocytes, and neutro-
phils, were statistically significantly lower in cancer patients.
Although not significant, cancer patients tended to have lower
basophil count and percent (Table 2).

Serum creatinine and fibrinogen were statistically signifi-
cantly higher in noncancer patients than in cancer patients.
Although not significant, cancer patients tended to have lower
C-reactive protein than noncancer patients (Table 2).

When cancer patients were stratified into solid and nonsolid
cancers, those with nonsolid cancers had lower mean platelet
count (184.1 vs 222.6 � 103/lL, P < .001), hemoglobin (11.2 vs
12.1 g/dL, P < .001), red blood cell count (3.7 vs 4.2 � 106/lL, P <

.001), and white blood cell count (6.8 vs 7.9 � 103/lL, P < .001)
than those with solid cancer. Mean lymphocyte count was sta-
tistically significantly lower in the solid cancer group (mean-
¼ 0.98, vs 1.04 � 103/lL in nonsolid cancer, P ¼ .01), and mean
monocyte counts (nonsolid¼ 0.47 vs solid¼ 0.53 � 103/lL, P ¼
.02) and neutrophil counts (nonsolid¼ 5.3 vs solid¼ 6.3 � 103/lL,
P < .001) were statistically significantly lower in the nonsolid
cancer group. Those with nonsolid cancer had a higher percent-
age of lymphocytes (mean ¼ 16.2% vs 13.7%, P ¼ .05) and a lower
percentage of neutrophils (mean¼ 71.7% vs 77.3%, P < .001)
compared with solid-cancer patients. Though not statistically
significant, those with nonsolid cancers also tended to have
lower basophil counts.

Ferritin was statistically significantly higher in nonsolid can-
cer patients (mean¼ 1613.2 vs 1040.9 ng/mL, P ¼ .006) than in
solid-cancer patients, as was fibrinogen (mean nonsolid ¼ 599.9
vs solid¼ 584.6 mg/dL, P ¼ .01).

Outcomes

Patients with cancer were more likely to develop VTE and were
statistically significantly more likely to have acute kidney injury
and sepsis and to be deceased than those without cancer.
Among those with an inpatient encounter, there was no statisti-
cally significant difference in ICU admissions between cancer
and noncancer patients (Table 1).

After adjusting for age, sex, and the number of additional co-
morbid conditions, those with cancer were statistically signifi-
cantly more likely to develop sepsis (adjusted odds ratio [ORadj]
¼ 1.31, 95% confidence interval [CI]¼ 1.06 to 1.61) and VTE (ORadj

¼ 1.77, 95% CI¼ 1.01 to 3.09); however, there was no significant
difference in acute kidney injury (ORadj ¼ 1.10, 95% CI¼ 0.87 to
1.39) or all-cause mortality (ORadj ¼ 1.02, 95% CI¼ 0.81 to 1.29).
Among those hospitalized, there was no statistically significant
difference in ICU admissions (ORadj ¼ 1.04, 95% CI¼ 0.80 to 1.34)
(Table 3). When the cancer group was stratified into solid and
nonsolid cancer types, outcomes did not significantly differ be-
tween the 2 cancer groups and differences remained similar
compared with noncancer patients. Compared with those with-
out cancer, both patients with nonsolid and solid cancers had
similar risk of all-cause mortality, acute kidney injury, or admis-
sion to the ICU. Those with nonsolid cancers had statistically
significantly higher odds of sepsis (ORadj ¼ 1.83, 95% CI¼ 1.18 to
2.83); those with solid tumors experienced a slightly higher risk
of sepsis (ORadj ¼ 1.19, 95% CI¼ 0.95 to 1.50) than those without
cancer. Those with solid tumors (ORadj ¼ 1.70, 95% CI¼ 0.89 to
3.23) and nonsolid tumors (ORadj ¼ 1.98, 95% CI¼ 0.72 to 5.50)
had a non-statistically significant higher VTE risk than those
without cancer.

After propensity matching, the cancer and noncancer groups
were well balanced on age, sex, and number of comorbidities
(ncancer ¼ 420, nnoncancer ¼ 840). Results were consistent with the
multivariable analysis with increased odds of VTE and sepsis
and no statistically significant difference in acute kidney injury,
all-cause mortality, or ICU admission (Table 3).

Among cancer patients, those with neutropenia (neutrophil
count <1000/lL) had statistically significantly higher rates of
sepsis than those without neutropenia (92.3% vs 59.2%, P ¼ .02)
and slightly, though not statistically significant, higher rates of

N. Alpert et al. | 3 of 8



Table 1. Demographics and clinical characteristics of the sample according to cancer status

Variable
Noncancer (n¼ 5135) Cancer (n¼ 421)

PaNo. (%) No. (%)

Mean O2 saturation (SE), % 93.7 (0.1) 94.5 (0.3) .01
Mean age (SE), y 63.8 (0.2) 69.2 (0.7) <.001
Sex

Male 2907 (56.6) 250 (59.4) .27
Female 2228 (43.4) 171 (40.6)

Race ethnicity .003
Non-Hispanic White 987 (19.2) 105 (24.9)
Non-Hispanic Black 1226 (23.9) 108 (25.7)
Non-Hispanic Asian/Pacific
Islander

210 (4.1) 20 (4.8)

Non-Hispanic other 541 (10.5) 25 (5.9)
Hispanic 1438 (28.0) 115 (27.3)
Missing 733 (14.3) 48 (11.4)

Type of encounter .02
Emergency 892 (17.4) 54 (12.8)
Inpatient 4243 (82.6) 367 (87.2)

Comorbidities
COPD 189 (3.7) 31 (7.4) <.001
Hypertension 1677 (32.7) 223 (53.0) <.001
Diabetes 1138 (22.2) 139 (33.0) <.001
Chronic kidney disease 566 (11.0) 70 (16.6) <.001
Heart failure 357 (7.0) 41 (9.7) .03
Obesity 388 (7.6) 43 (10.2) .05
Asthma 238 (4.6) 33 (7.8) .003
Atrial fibrillation 325 (6.3) 54 (12.8) <.001
Liver disease 107 (2.1) 26 (6.2) <.001
Coronary artery disease 618 (12.0) 82 (19.5) <.001

No. of comorbidities <.001
0 2686 (52.3) 108 (25.7)
1 887 (17.3) 110 (26.1)
�2 1562 (30.4) 203 (48.2)

Outcomes
ICU admission (among
inpatient)

913 (21.5) 82 (22.3) .71

Acute kidney injury 1012 (19.7) 110 (26.1) .002
Acute VTE 113 (2.2) 15 (3.6) .07
Sepsisb 2821 (54.9) 253 (60.1) .045
Mortality 1272 (24.8) 129 (30.6) .008

Cancer sitec

Prostate — 69 (16.4) —
Breast — 46 (10.9) —
Leukemia — 34 (8.1) —
Myeloma — 34 (8.1) —
Colon/rectum/anus — 32 (7.6) —
Liver — 32 (7.6) —
Lymphoma — 28 (6.7) —
Uterus/ovary/endometrium — 20 (4.8) —
Lung/bronchus — 19 (4.5) —
Skin — 15 (3.6) —
Kidney — 13 (3.1) —
Bladder — 12 (2.9) —
Head and neck (including
thyroid)

— 10 (2.4) —

Stomach — 5 (1.2) —
Other — 26 (6.2) —
Multiple sites — 26 (6.2) —

aP values based on v2 tests for categorical variables and t tests for continuous variables. COPD ¼ chronic obstructive pulmonary disease; ICU ¼ intensive care unit; VTE

¼ venous thromboembolism.
bDefined as more than 1 of the following: temperature greater than 100.4�F; heart rate greater than 90 beats per minute; respiratory rate greater than 20 breaths per

minute; white blood cell count less than 4000 or greater than 12 000 cells/lL.
cInformation available only for cancer patients.
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mortality (38.5% vs 30.5%, P ¼ .55). There was a non–statistically
significant inverse association between platelet number and
VTE in cancer patients (mean platelet¼ 184.8 vs 223.3 � 103/lL
in those with and without VTE, P ¼ .23). Among patients with
sepsis, cancer patients had non–statistically significantly higher
mortality rates (34.0% vs 29.9%, P ¼ .18).

Discussion

This analysis of more than 5000 patients hospitalized for
COVID-19 in New York City (NYC) shows that cancer patients
are significantly older and are more affected by comorbidities
than COVID-19 patients without cancer. Although cancer

Table 2. Laboratory measures according to cancer status

Laboratory measure nused/navailable Noncancer mean (SE)a Cancer mean (SE)a Pb

Hemoglobin, g/dL 5514/5553 13.02 (0.03) 11.90 (0.10) <.001
Red blood cell, �106/lL 5503/5553 4.42 (0.01) 4.06 (0.04) <.001
Platelet, �103/lL 5446/5532 224.63 (1.4) 213.71 (4.49) .02
White blood cell, �103/lL 5495/5551 8.39 (0.06) 7.68 (0.20) <.001
Lymphocyte, �103/lL 5356/5388 1.08 (0.01) 0.99 (0.03) .005
Lymphocyte, % 5438/5518 14.45 (0.13) 14.23 (0.42) .61
Eosinophil, �103/lL 5321/5388 0.03 (0.001) 0.03 (0.002) .89
Eosinophil, % 5406/5493 0.43 (0.01) 0.43 (0.03) .88
Basophil, �103/lL 5332/5388 0.012 (0.001) 0.009 (0.002) .08
Basophil, % 5405/5492 0.29 (0.01) 0.26 (0.02) .10
Monocyte, �103/lL 5334/5388 0.55 (0.004) 0.51 (0.02) .01
Monocyte, % 5458/5517 7.17 (0.06 ) 7.41 (0.18) .20
Neutrophil, �103/lL 5482/5544 6.70 (0.06) 6.07 (0.19) .002
Neutrophil, % 5441/5518 76.64 (0.17) 76.17 (0.56) .42
Serum creatinine, mg/dL 5376/5519 1.52 (0.02) 1.37 (0.07) .03
Ferritin, ng/mL 4142/4222 1160.61 (23.84) 1162.62 (73.85) .97
Percent D-dimer, lg/mL

FEU
4126/4126 — — .13

<0.50 — 9.8 9.3 —
�0.50 — 90.2 90.7 —

Partial thromboplastin
time, s

3390/3456 33.00 (0.12) 33.01 (0.37) 1.0

Prothrombin time, s 3474/3527 14.84 (0.05) 14.97 (0.14) .39
C-reactive protein, mg/L 4254/4279 128.52 (1.63) 120.66 (5.03) .14
Fibrinogen, mg/dL 2540/2551 626.85 (4.31) 588.85 (12.47) .004
TNF-alpha, pg/mL 1316/1226 25.94 (0.55) 25.78 (1.41) .92
IL-6, pg/mL 2506/2508 178.51 (13.46) 138.35 (37.72) .31
IL-8, pg/mL 1331/1333 74.56 (4.84) 70.56 (12.30) .76
Percent IL-1b, pg/mL 1330/1330 — — .99
<0.4 — 42.4 41.2 —
0.4-0.5 — 21.4 21.2 —
0.6-0.9 — 16.7 17.7 —
�0.9 — 19.3 19.9 —

aValues adjusted for age, sex, and number of comorbidities. IL ¼ interleukin; TNF ¼ tumor necrosis factor.
bP values based on logistic regression for categorical variables and linear regression for continuous variables, adjusted for age, sex, and number of comorbidities.

Table 3. Odds of outcomes in cancer vs noncancer patients in the multivariable and propensity matched analyses

Cancer vs no cancer

Sepsisa (yes vs no) VTE (yes vs no)
Acute kidney injury

(yes vs no)
Mortality

(yes vs no)
ICU admissionc

(yes vs no)

ORadj (95% CI) Pd ORadj (95% CI) Pd ORadj (95% CI) Pd ORadj (95% CI) Pd ORadj (95% CI) Pd

Multivariable (n¼ 5556)b 1.31 (1.06 to 1.61) .05 1.77 (1.01 to 3.09) .18 1.10 (0.87 to 1.39) 1.0 1.02 (0.81 to 1.29) .86 1.04 (0.80 to 1.34) 1.0
Propensity matched

(n¼1260)b
1.25 (0.98 to 1.59) .31 2.73 (1.25 to 5.94) .06 1.08 (0.82 to 1.41) 1.0 1.12 (0.86 to 1.45) 1.0 1.07 (0.78 to 1.47) .68

aDefined as greater than 1 of the following: temperature greater than 100.4�F; heart rate greater than 90 beats per minute; respiratory rate greater than 20 breaths per

minute; white blood cell count less than 4000 or greater than 12 000 cells/lL. CI ¼ confidence interval; ICU ¼ intensive care unit; ORadj ¼ adjusted odds ratio; VTE ¼ ve-

nous thromboembolism.
bMultivariable analysis adjusted for age, sex, and number of comorbidities. Propensity matched analysis matched on age, sex, and number of comorbidities.
cAmong patients with an inpatient encounter.
dTwo-sided, Bonferroni-Holm corrected P values.
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patients were more likely to have acute kidney injury, VTE, and
sepsis, only VTE and sepsis had statistically significantly in-
creased risks after adjustment for covariates. ICU admissions
and all-cause mortality were not statistically different between
cancer and noncancer COVID-19 patients. Thus, although fatal-
ity rates for COVID-19 patients requiring emergency or hospital
attention is high, there does not appear to be a significant addi-
tional risk to cancer patients. Previous studies have noted high
fatality rates for patients with cancer (22,23); however, these
analyses did not include a comparison group composed of
COVID-19–positive noncancer patients. One study in a geo-
graphically similar population on a small sample of 61 cancer
patients found a significantly higher case fatality rate for
patients with cancer (24) compared with other hospitalized
patients as well as the general population of residents in NYC.
However, the analysis did not account for differences in other
clinical characteristics, including comorbidities, when com-
pared with noncancer patients, a strength of this study.

Cancer patients are more susceptible to infections because
of effects of their underlying disease and oncologic treatment
regimen, including neutropenia, breakdown of innate mucosal
immune barriers, cell-mediated or humoral immune dysfunc-
tion, or local tumor effects (25). Infections in cancer patients are
complicated by an increased risk for developing sepsis; 1 study
indicated that cancer patients are nearly 10 times more suscep-
tible to developing sepsis than noncancer patients (26). This is
particularly true for patients with hematological cancers, given
their more immunocompromised status (27). Severe sepsis is
major cause of mortality among cancer patients (28), and our
analysis shows that cancer patients with COVID-19 were more
likely to develop sepsis than noncancer patients and, among
those with sepsis, had slightly worse mortality. These findings
are reported here for the first time, to our knowledge, and open
the discussion on appropriate, early treatment to prevent such
serious complications.

Cancer patients are characterized by hypercoagulability be-
cause of local factors related to the cancer itself, including in-
creased production of inflammatory and cytokinergic factors
that result in procoagulant agents (29), aberrant activity of im-
mune cells and hyper activation of platelets (30,31), and the ex-
pression of unique oncogenes (32). There are also pro-
coagulation events related to the cancer treatment, such as po-
tential long-term immobilization associated with hospitaliza-
tion, surgical effects, and chemotherapy (33). A prior
epidemiological study reported that 20% of all newly diagnosed
VTEs were associated with an underlying malignancy (34); an-
other study found patients with active malignancy were 7 times
more likely to develop a VTE than noncancer patients (35). VTEs
have also been established as a secondary outcome in COVID-19
patients (13). Mechanisms for the development of thromboses
in COVID-19 require further investigation, but early evidence
suggests the causes are multifactorial (13). Our study shows
that COVID-19 patients with cancer were more likely to develop
VTEs than those without cancer. Careful precautions should be
taken to protect COVID-19 patients with cancer from coagulopa-
thies. More research is needed to further define the role of VTEs
in COVID-19 patients.

Despite differences in sepsis and VTE risks between cancer
and noncancer patients, there was no difference in mortality
between the 2 groups. Our findings are contrasted by other
studies that found that cancer was predictive of mortality in
COVID-19 patients, including a meta-analysis that included
data from 8 nations (36). However, this meta-analysis reported
crude estimates and did not adjust the analysis for age, which is

known to be a major predictor of COVID-19 outcomes and is as-
sociated with cancer. Additionally, many of the included studies
had few cancer patients, limiting generalizability. The study by
Kuderer et al. (22) also indicated that patients with active cancer
had higher mortality risk from COVID-19. However, this study
included all patients with COVID-19 from Vanderbilt University
Medical Center’s data registry and compared them with
patients in the recovery phase. Our study was limited to emer-
gency room or inpatient encounters, thus including patients
with a clinical symptomatology that required hospital attention.
It is possible that cancer patients in the general population are
more likely to develop a serious infection from SARS-CoV-2, as
suggested by others (22,24,36). However, our research suggests
that once an infection has progressed to a stage that requires
hospitalization, cancer’s role in increased short-term mortality
risk is more limited.

The present analysis also indicates that there are no statisti-
cally significant differences in all-cause mortality between solid
and nonsolid tumors. This is important given that nonsolid can-
cers place patients at higher risk for developing sepsis and
VTEs. Our results agree with those of Kuderer (22), which also
found no significant difference in mortality by tumor type.

This dataset also allowed us to look at inflammatory re-
sponse parameters; we found no statistically significant differ-
ence between cancer and noncancer patients in terms of
cytokine response, highlighting that cytokine storm does not
appear to be more of a concern for cancer patients than non-
cancer patients. This is clinically relevant because it can set
expectations for future cancer patients admitted with SARS-
CoV-2. To our knowledge, this is the first observation of this
kind in cancer patients.

Additionally, laboratory tests indicate statistically signifi-
cant differences in white blood cells response in favor of non-
cancer patients, even after adjusting for clinical and
demographic differences; this could be due to a variety of fac-
tors, including the disease itself, cancer therapies, or a damp-
ened immune response (37). The role that prior therapy plays in
outcomes is not sufficiently clear, because 1 study of cancer
patients indicated no significant difference in mortality by re-
ceipt of chemotherapy (38). Although we were unable to explore
this more in detail, because the dataset contains no information
on treatments before the COVID-19–related encounter, this is
important information to consider moving forward.

Results should be interpreted within the possibility of
chance finding and in the context of the data limitations. We
used a retrospective registry, and therefore we were unable to
acquire information on previous treatments or the timing of a
patient’s cancer diagnosis, which could have aided in better un-
derstanding the complications observed. Because all patients
included were required to have either emergency or inpatient
care, this analysis does not address whether cancer patients are
more likely to contract COVID-19 or to need hospital care if they
do. Because cancer patients typically have more contact with
health-care systems (39), it is possible that some cancer patients
were diagnosed with COVID-19 during an encounter related to
cancer care, but not to a COVID-19 clinical manifestation.
However, we minimized this effect by excluding patients with
routine encounters for laboratory work or outpatient or nurse’s
office visits. It is possible that not all patients completed their
clinical course before data collection and remained at risk of de-
veloping adverse outcomes. Because this dataset is hospital
based, it is also difficult to assess outcomes that occurred after
discharge. Although this means that we may undercount the
number of adverse outcomes, we believe this is unlikely to have
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biased the results, because we do not expect the distributions of
those who had not completed the clinical course or developed
outcomes after discharge to differ by cancer status. We do not
know how representative the COVID-19 population served by
MSHS is of all NYC residents, but previous health assessments
show that MSHS patients are very diverse in race, socio-
economic status, and insurance. During the COVID pandemic,
New York State required all hospitals to enter into an agree-
ment to share patients to provide care to all because hospitals
were being overwhelmed (40). Because of these guidelines, we
think it is likely that the MSHS may have served an even more
representative NYC population. This study adds to the knowl-
edge of risks to patients with a dual COVID-19 and cancer diag-
nosis. To our knowledge, this is the largest study on COVID-19
cancer patients that includes comprehensive information on
comorbidities, laboratory values, and outcomes, including VTE
and sepsis. Because follow-up of COVID-19 patients is limited, it
is too soon to tell whether there are increased long-term risks of
morbidity and mortality for patients with a concurrent cancer.
Future research would benefit from a registry coding structure
for COVID-19 cancer patients (41) and should include treatment
information for these patients and longer follow-up to address
and respond to chronic effects of COVID-19 infection on cancer
patients.
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