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Simple Summary: Patients with cancer are considered a vulnerable population and might have an
increased risk for severe outcomes of coronavirus disease 2019 (COVID-19). We used the Healthcare
Cost and Utilization Project Nationwide Inpatient Sample (NIS) 2020 database, the largest inpatient
database in the United States, to assess COVID-19 outcomes in cancer patients. We have demonstrated
that cancer patients hospitalized for COVID-19 have increased odds of all-cause in-hospital mortality
and acute respiratory failure compared with non-cancer patients. Lung cancer patients have been
demonstrated to have the worst mortality outcome.

Abstract: Background: Coronavirus disease 2019 (COVID-19) caused significant mortality and
mortality worldwide. There is limited information describing the outcomes of COVID-19 in cancer
patients. Methods: We utilized the Healthcare Cost and Utilization Project Nationwide Inpatient
Sample (NIS) 2020 database to collect information on cancer patients hospitalized for COVID-19 in the
United States. Using the International Classification of Diseases, 10th revision, Clinical Modification
(ICD-10-CM) coding system, adult (>18 years) patients with COVID-19 were identified. Adjusted
analyses were performed to assess for mortality, morbidity, and resource utilization among cancer
patients. Results: A total of 1,050,045 patients were included. Of them, 27,760 had underlying cancer.
Cancer patients were older and had more comorbidities. The all-cause in-hospital mortality rate in
cancer patients was 17.58% vs. 11% in non-cancer. After adjusted logistic regression, cancer patients
had a 21% increase in the odds of all-cause in-hospital mortality compared with those without cancer
(adjusted odds ratio (aOR) 1.21, 95%CI 1.12-1.31, p-value < 0.001). Additionally, an increased odds in
acute respiratory failure rate was found (aOR 1.14, 95%CI 1.06-1.22, p-value < 0.001). However, no
significant differences were found in the odds of septic shock, acute respiratory distress syndrome,
and mechanical ventilation between the two groups. Additionally, no significant differences in the
mean length of hospital stay and the total hospitalization charges between cancer and non-cancer
patients. Conclusion: Cancer patients hospitalized for COVID-19 had increased odds of all-cause in
hospital mortality and acute respiratory failure compared with non-cancer patients.
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1. Introduction

Coronavirus disease 2019 (COVID-19) is an infectious disease caused by the severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) [1]. The clinical manifestations
of COVID-19 are variable. Most patients are asymptomatic but some may develop severe
respiratory disease that can lead to multi-organ failure and death [2]. Worldwide, until
December 2022, around 6.5 million people died due to COVID-19, and of them, about
1 million are in the United States [3].

Studies showed that COVID-19 is associated with significant mortality and morbidity,
especially in patients with underlying comorbidities [4]. Several risk factors have been
associated with increased mortality rates in COVID-19. These risk factors include older
age, male sex, African American race, and presence of hypertension, diabetes, chronic
pulmonary diseases, or other comorbidities [4-7]. Patients with underlying cancer are
considered vulnerable population, and at higher risk of having severe clinical course and
poor prognosis due to COVID-19 [8,9].

There are no sufficient data to evaluate the mortality and morbidity of COVID-19 in
patients with cancer. We aimed to evaluate whether the diagnosis of cancer is associated
with a higher risk of poor outcomes in patients with COVID-19. In this study, we evaluated
the differences in baseline clinical characteristics and all-cause in-hospital mortality between
COVID-19 patients with and without cancer. Moreover, we looked into the morbidity and
resource utilization outcomes during the hospital stay. To our knowledge, this is the
largest study from the United States on the outcomes of hospitalized COVID-19 patients
with cancer. We believe that the data in this study can be useful in assisting healthcare
professionals in comprehending how cancer affects COVID-19 outcomes.

2. Methods
2.1. Data Source

In this retrospective cohort study, COVID-19 patients admitted to acute care hospitals
in the United States were identified using the Healthcare Cost and Utilization Project
Nationwide Inpatient Sample (NIS) 2020 database. NIS is the largest all-payer and publicly
available inpatient database in the United States which was developed and is maintained
by the Agency for Healthcare Research and Quality. The NIS approach is described in detail
elsewhere [10]. Briefly, using data from the American Hospital Association’s yearly hospital
survey, hospitals are grouped according to ownership/control, bed number, teaching status,
and geographic region. Then, data on patients’ demographics, diagnoses, and resource use
are gathered from a random 20% sample of all patients within each stratum and entered
into the database. Each discharge is then weighted (weight = total number of discharges
from all acute care hospitals in the United States/number of discharges included in the 20%
sample) to make the NIS nationally representative.

The NIS is the nation’s most comprehensive source of hospital data, which enables
researchers to study healthcare delivery and patient outcomes [11]. This database is a
discharge-level database that contains deidentified clinical and nonclinical data items
at the patient and hospital levels. As a result, multiple admissions for a single patient
are considered separate discharges and are entered separately into the database. The
International Classification of Diseases, 10th revision, Clinical Modification (ICD-10-CM)
coding system is used to code patient-level information.

2.2. Study Subjects

Patients with a principal diagnosis of COVID-19 who have underlying cancer as
secondary diagnosis were included in the analyses. The included cancers were lung, breast,
colorectal, prostate, leukemia, lymphoma, and multiple myeloma. Patients were excluded
if they were less than 18 years of age. The ICD-10-CM diagnosis codes were used to extract
data (Supplementary Table S1). The Institutional Review Board of University of Toledo
deemed the research project exempt from approval because it is a retrospective review of
already collected deidentified data.
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2.3. Study Variables and Outcomes

The primary outcome was all-cause in-hospital mortality. Secondary outcomes were
(i) morbidity as measured by the rates of septic shock, acute respiratory failure, acute respi-
ratory distress syndrome, and mechanical ventilation (ii) resource utilization as measured
by length of hospital stay and total hospitalization charges. Multiple potential confounders
were collected and accounted for during the analysis, including patient’s age, sex, race,
admission type and day, hospital bed size, hospital teaching status, hospital region, insur-
ance status, income in patient’s zip code, Charlson’s comorbidity index and comorbidities
including congestive heart failure, coronary artery disease, chronic pulmonary disease,
diabetes mellitus, hypertension, chronic renal failure, liver disease, obesity, smoking, and
alcohol and drugs abuse.

Patient vital status at discharge was coded directly in NIS. Septic shock, acute res-
piratory failure, acute respiratory distress syndrome, mechanical ventilation, and comor-
bidities (congestive heart failure, coronary artery disease, chronic pulmonary disease,
diabetes mellitus, hypertension, chronic renal failure, liver disease, obesity, smoking, al-
cohol abuse and drugs abuse) were identified using the appropriate ICD-10-CM codes
(Supplementary Table S1). The length of hospital stay, total hospitalization charges and
patients” demographics were directly obtained from the NIS database.

2.4. Statistical Analysis

Analyses were performed using STATA (IC-17.0 version, STATA Corp). NIS is based
on a complex sampling design that includes stratification, clustering, and weighting. This
software facilitates analysis to produce nationally representative unbiased results, variance
estimates and p-values. Weighting of patient-level observations was implemented to
obtain estimates for the entire population in the United States of hospitalized patients with
COVID-19. The Rao-Scott chi-square test was used for categorical variables and Student
t-test was used for continuous variables. Multivariable regression analysis models were
used to adjust the results for potential confounders. Logistic regression was used for binary
outcomes (all-cause in-hospital mortality, septic shock, acute respiratory failure, acute
respiratory distress syndrome, and mechanical ventilation) and linear regression was used
for continuous outcomes (length of hospital stay, and total hospitalization charges). We also
performed subgroup sensitivity analysis on the different types of cancers to assess all-cause
in-hospital mortality. All p-values were two sided, with 0.05 as threshold for statistical
significance.

3. Results
3.1. Patients and Hospital Characteristics

Figure 1 shows the flow diagram for study inclusion. A total of 1,050,045 patients
were included in the analysis. Of them, 27,760 had underlying cancer. Table 1 summa-
rizes patient’s and hospital’s characteristics. COVID-19 patients with cancer were older
(mean age (95% Confidence Interval (CI)), 70.92 (70.52-71.32) vs. 64.57 (64.41-64.74) years,
p-value < 0.001), had more comorbidities (99.93% had Charlson’s comorbidity index > 3 vs.
42.87%, p-value < 0.001), and more likely to be treated at large teaching hospitals compared
with non-cancer patients (70.95% vs. 68.9%, p-value 0.005). There were no significant
differences between the two groups with regard to admission type and day, presence of
underlying liver disease, and alcohol or drug abuse. Greater than 35% of patients in both
groups were treated in hospitals in the South region.
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Total number of patients with COVID-19
as principal diagnosis:

1,058,815

Age younger than 18:

8770

Adult patients with COVID-19:

1,050,045

Adult patients with COVID-19 and
cancer:

27,760

Adult patients with COVID-19 and
without cancer:

1,022,285

Figure 1. Selection of study subjects.

Table 1. Summary of patients and hospitals characteristics.

Cancer No Cancer
(n = 27,760) (n =1,022,285) p-Value
Age (year) mean (95%CI) 70.92 (70.52-71.32) 64.57 (64.41-64.74) <0.001 *
Female Sex 71 (%) 12,055 (43.43%) 483,500 (47.3) <0.001 *
White 17,590 (63.36) 518,695 (50.74)
Black 4860 (17.51) 183,205 (17.92)
Hispanic 3145 (11.33) 205,905 (20.14)
Race 7 (%) Asian or pacific islander 535 (1.93) 32,285 (3.16) <0.001 *
Native American 115 (0.41) 10,480 (1.03)
Other 835 (3%) 40,800 (3.99)
Missing 680 (2.45) 30,915 (3.02)
Admission type n (%) Elective 880 (3.17) 30,250 (2.96) 0.384
Admission day 1 (%) Weekend 6970 (25.11) 267,565 (26.17) 0.848
Small 6545 (23.58) 263,300 (25.76)
Hospital bed size 1 (%) Medium 7640 (27.52) 295,960 (28.95) <0.001 *
Large 13,575 (48.9) 463,025 (45.29)

Hospital teaching status n (%) Teaching 19,695 (70.95) 704,334 (68.9) 0.005 *




Cancers 2023, 15, 222 50f 11
Table 1. Cont.
Cancer No Cancer
(n =27,760) (n =1,022,285) p-Value

Northeast 5630 (20.28) 179,970 (17.6)

Midwest 7885 (28.4) 236,640 (23.15)
Hospital region 7 (%) South 10,335 (37.22) 429,056 (41.97) <0.001*

West 3910 (14.08) 176,620 (17.28)

Medicare 18,855 (67.92) 529,720 (51.82)

Medicaid 2035 (7.33) 119,690 (11.7)

Private Insurance 5625 (20.26) 284,845 (27.86)
Insurance status 1 (%) Self-pay 370 (1.33) 35,430 (3.47) <0.001*

No Charge 60 (0.22) 2.540 (0.25)

Other 780 (2.81) 48,070 (4.7)

Missing 35 (0.13) 1990 (0.19)

USD1-USD45,999 8305 (29.92) 345,615 (33.8)

USD46,000-USD58,999 7940 (28.6) 278,010 (27.19)
Z;i?g:ﬁz)al income in the patient's ;5150 100 USD78,999 5985 (21.56) 220,440 (21.56) <0.001 *

USD79,000 or more 5125 (18.46) 162,090 (18.86)

Missing 405 (1.46) 16,130 (1.58)
Congestive heart failure 1 (%) 5345 (19.25) 161,365 (15.78) <0.001 *
Coronary artery disease 1 (%) 6175 (22.24) 186,725 (18.27) <0.001 *
Chronic pulmonary disease 1 (%) 8320 (29.97) 237,815 (23.26) <0.001 *
Diabetes mellitus 1 (%) 9585 (34.53) 419,910 (41.08) <0.001 *
Hypertension n (%) 19,380 (69.81) 692,565 (67.75) <0.001 *
Renal failure n (%) 4790 (17.26) 150,100 (14.68) <0.001 *
Liver disease 11 (%) 1320 (4.76) 44,360 (4.34) 0.151
Obesity 1 (%) 4665 (16.8) 267,475 (26.16) <0.001 *
Smoking 1 (%) 10,110 (36.42) 273,260 (26.73) <0.001 *
Alcohol abuse 1 (%) 325 (1.17) 16,275 (1.59) 0.015*
Drug abuse 1 (%) 370 (1.33) 16,515 (1.62) 0.104

0 15 (0.054) 291,175 (28.48)

1 0 0
Charlson’s comorbidity index n (%) 5 5 (0.018) 292,840 (28.65) <0.001 *

>3 27,740 (99.93) 438,270 (42.87)

* Statistical significance (p-value < 0.05).

3.2. In-Hospital Mortality

The overall all-cause in-hospital mortality rate for COVID-19 patients was 11.17%
(Table 2). In COVID-19 patients with cancer, the all-cause in-hospital mortality rate was
17.58% vs. 11% in those without cancer. After adjusted logistic regression analysis, COVID-
19 patients with cancer had about a 21% increase in the odds of all-cause in-hospital
mortality compared with those without cancer (adjusted odds ratio (aOR) 1.21, 95%CI
1.12-1.31, p-value < 0.001) (Table 3).
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Table 2. Outcomes of patients admitted for COVID-19.
gg%ccol;/m-m % Cancer % (95%CI) No Cancer % (95%CI) p-Value
Mortality All-cause in-hospital mortality 11.17 (10.92-11.43) 17.58 (16.56-18.66) 11.0 (10.75-11.25) <0.001 *
Septic shock 3.35 (3.23-3.47) 3.87 (3.37-4.44) 3.33 (3.21-3.46) 0.032 *
Acute respiratory failure 56.12 (55.48-56.76) 56.93 (55.5-58.36) 56.1 (55.46-56.74) 0.221
Morbidity =, g 5.22 (5.0-5.44) 4.99 (4.42-5.63) 5.22 (5.01-5.45) 0.433
Mechanical ventilation 9.38 (9.19-9.58) 10.14 (9.36-10.98) 9.36 (9.16-9.56) 0.508
Mean LOS (days) 7.48 (7.41-7.55) 8.07 (7.83-8.31) 7.46 (7.4-7.53) <0.001 *
Resource
utilization ~ Mean total hospitalization 78,591 (76,384-80,798) 82,894 (77,966-87,823) 78,474 (76,269-80,679) 0.051

charges (USD)

Abbreviations: CI; confidence interval, ARDS; acute respiratory distress syndrome, LOS; length of hospital stay.
* Statistical significance (p-value < 0.05).

Table 3. Outcomes of the multivariate regression adjusted analysis.

Adjusted Outcomes (95%CI) p-Value
Mortality aOR (95%CI) All-cause in-hospital mortality 1.21 (1.12-1.31) <0.001 *
Septic shock 0.95 (0.8-1.12) 0.524
Acute respiratory failure 1.14 (1.06-1.22) <0.001 *
Morbidity aOR (95%C1) ARDS 0.93 (0.8-1.07) 031
Mechanical ventilation 0.98 (0.88-1.09) 0.767
Resource utilization LOS (days) —0.1(—0.39-0.18) 0.479
aMD (95%CT) Total hospitalization charges (USD) 136 (—5323-5594) 0.961

Abbreviations: aOR; adjusted odds ratio, ARDS; acute respiratory distress syndrome, aMD; adjusted mean
difference, LOS; length of hospital stay. Variables were adjusted for were age, sex, race, admission type, admission
day, hospital bed size, hospital teaching status, hospital region, insurance status, median annual income, and
comorbidities. * Statistical significance (p-value < 0.05).

3.3. Morbidity
3.3.1. Septic Shock

The overall rate of septic shock in COVID-19 patients was 3.35%. The rate was 3.87%
in COVID-19 patients with cancer vs. 3.33% in those without cancer (Table 2). Adjusted
logistic regression analysis showed no statistically significant difference in the odds of
septic shock between the two groups (aOR 0.95, 95%CI 0.8-1.12, p-value 0.524) (Table 3).

3.3.2. Acute Respiratory Failure

The overall rate of acute respiratory failure in COVID-19 patients was 56.12% (Table 2).
The rate among cancer patients was 56.93% vs. 56.1% in non-cancer patients (Table 2).
Adjusted logistic regression analysis showed about a 14% increase in the odds of acute
respiratory failure in patients with cancer compared with those without cancer (aOR 1.14,
95%CI 1.06-1.22, p-value <0.001) (Table 3).

3.3.3. Acute Respiratory Distress Syndrome

The overall rate of acute respiratory distress syndrome in COVID-19 patients was
5.22%, and it was comparable among patients with and without cancer (4.99% vs. 5.22%,
respectively) (Table 2). Adjusted logistic regression analysis demonstrated no statistically
significant difference in the odds of acute respiratory distress syndrome between the two
groups (aOR 0.93, 95%CI 0.8-1.07, p-value 0.31) (Table 3).

3.3.4. Mechanical Ventilation

About 9.38% of all patients with COVID-19 required mechanical ventilation. Among
patients with cancer, the rate of mechanical ventilation was 10.14% compared to 9.36% in
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patients without cancer (Table 2). Adjusted logistic regression analysis did not show a
statistically significant difference in the odds of mechanical ventilation between patients
with and without cancer (aOR 0.98, 95%CI 0.88-1.09, p-value 0.767) (Table 3).

3.4. Resource Utilization
3.4.1. Length of Hospital Stay

The overall mean length of hospital stay in COVID-19 patients was 7.48 days, 8.07 days
for patients with cancer vs. 7.46 days for those without cancer (Table 2). Adjusted linear
regression analysis did not show a significant difference in mean length of hospital stay
between patients with cancer and without cancer (adjusted mean difference (aMD) —0.1,
95%CI —0.39-0.18, p-value 0.479) (Table 3).

3.4.2. Total Hospitalization Charges

The overall mean total hospitalization charges for COVID-19 patients were USD78,591.
For patients with cancer, the mean total hospitalization charges were USD82,894 vs.
USD78,474 in patients without cancer (Table 2). After adjusted linear regression anal-
ysis, there was no significant difference in the mean total hospitalization charges between
the two groups (aMD USD136, 95%CI —5323-5594, p-value 0.961) (Table 3).

3.5. Sensitivity Analysis of Mortality Outcome by Cancer Type

A sensitivity analysis of all-cause in-hospital mortality by cancer type was conducted
to assess whether the increased odds of mortality in COVID-19 patients is driven by a
particular cancer type. Of the 27,760 hospitalized cancer patients for COVID-19, 4400
(15.58%) had lung cancer, 3340 (12.03%) had breast cancer, 1675 (6.03%) had colorectal
cancer, 4080 (14.7%) had prostate cancer, 6230 (22.44%) had leukemia, 4320 (15.56%) had
lymphoma, 3000 (10.8%) had multiple myeloma and 715 (2.58%) had two or more cancers
where the latter were excluded from the sensitivity analysis. The aOR of the adjusted
logistic regression analysis by cancer type is presented in Figure 2.

Cancer type aOR (95%Cl) P-value
Lung 1.57 (1.31-1.88) <0.001 ——
Breast 0.96 (0.73-1.27) 0.763 ——
Colorectal 1.45 (1.07-1.96) 0.015 ——
Prostate 0.94 (0.77-1.14) 0.533 ——
Leukemia 1.22 (1.02-1.45) 0.028 ——
Lymphoma 1.30 (1.05-1.61) 0.016 ——
Multiple myeloma 1.20 (0.94-1.52) 0.137 ——
Summary 1.21 (1.12-1.32) <0.001 -

T T T

0.70 1.0 15

Figure 2. Forest plot describing the results of sensitivity analysis of all-cause in-hospital mortality
according to cancer type. Abbreviations: aOR; adjusted odds ratio, CI, confidence interval, Variables
were adjusted for were age, sex, race, admission type, admission day, hospital bed size, hospital teach-
ing status, hospital region, insurance status, median annual income, and comorbidities. Statistical
significance (p-value < 0.05).
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Patients with lung cancer (aOR 1.57, 95%CI 1.31-1.88, p-value < 0.001), colorectal
cancer (aOR 1.45, 95%CI 1.07-1.96, p-value 0.015), leukemia (aOR 1.22, 95%CI 1.02-1.45,
p-value 0.016), and lymphoma (aOR 1.30, 95%CI 1.05-1.61, p-value 0.016) were significantly
associated with an increase in all-cause in-hospital mortality compared to non-cancer pa-
tients. On the other hand, breast cancer, prostate cancer and multiple myeloma were not
associated with an increased odds in the rate of all-cause in-hospital mortality. Supplemen-
tary Table S2 shows mortality, morbidity, and resource utilization outcomes according to
cancer type.

4. Discussion

Utilizing the largest inpatient all payer database in the United States, we found that
COVID-19 patients with cancer had a significantly higher rate of mortality compared
with those without cancer. After adjusted analysis, the diagnosis of cancer in patients
hospitalized for COVID-19 was associated with 21% increase in the odds of all-cause in-
hospital mortality and 14% in the odds of acute respiratory failure. Our study showed no
significant differences in the odds of septic shock, acute respiratory distress syndrome or
mechanical ventilation between cancer and non-cancer patients hospitalized for COVID-19.
To our knowledge, this is the largest study in the United States to evaluate the mortality
and morbidity in cancer patients with COVID-19.

We found that cancer patients hospitalized for COVID-19 tend to be older and have
more comorbidities. They had significantly higher rates of congestive heart failure, coronary
artery disease, hypertension, chronic pulmonary diseases, and renal failure compared with
those without cancer. There are several reports showed that older age and comorbidities
are associated with adverse outcomes in patients with COVID-19 [4-6,12,13].

The all-cause in-hospital mortality rate in COVID-19 patients with cancer (17.58%)
was significantly higher compared with non-cancer patients (11%). This was in line with
previously reported study by Wang et al., who demonstrated an overall mortality rate of
14.93% (100/670) in cancer patients with COVID-19 compared with non-cancer patients
(5.26%, 780/14,840) [14]. A large national study from Belgium included COVID-19 patients
with solid malignancies showed a 30-day in-hospital mortality rate of 31.7% (283/892) in
cancer patients which was significantly higher compared with non-cancer patients (20%,
1922/9594) [15]. The reported mortality rates in the literature amongst COVID-19 patients
with cancer are highly variable. For example, Sharafeldin et al. and Kuderer et al. reported
mortality rates of 14.8% (2888/19,515) and 13% (121/928) among patients with COVID-
19 and cancer, respectively [16,17]. On the other hand, a pooled analysis, that included
2922 hospitalized patients with COVID-19 and cancer, showed a 30-day mortality rate of
30% (95%CI: 25-35%, I? 82%), and 15% (95%CI: 9-22%, 1% 73%) in 624 patients who were
treated in both inpatient and outpatient settings [18]. This difference is mortality among the
inpatient and outpatient settings demonstrates the importance of primary care role in the
prevention of hospitalization among cancer patients with COVID-19 [19]. The variability in
the reported mortality rates can be attributed to the difference in the sample size between
different studies. In addition, some studies reported 30-day mortality while others reported
all-cause mortality, and the clinical setting; inpatient vs. outpatient as hospitalization itself
is an index of disease severity. For these reasons, the reported mortality rates should be
interpreted cautiously.

While our study showed an increase in odds of mortality in cancer patients hospital-
ized for COVID-19, a study by Riithrich et al., utilized the LEOSS (Lean European Open
Survey on SARS-CoV-2 infected patients) registry, showed comparable COVID-19 related
deaths in patients with cancer to those without cancer (22.5%, 97 /435 vs. 15%, 367 /2636)
after adjusting for age, sex, and comorbidities [20]. Similarly, Miyashita et al. reported no
difference in the risk of death between COVID-19 patients with or without cancer (relative
risk 1.15, 95%C1 0.84-1.57) [9]. This disparity between our study and what Riithrich et al.
and Miyashita et al. reported may be attributed to the larger sample size in our study.
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The TERAVOLT (Thoracic Cancers International COVID-19 Collaboration), a global
consortium of patients with thoracic cancers, reported a high mortality rate of 33% (66/200)
in COVID-19 patients with thoracic malignancies that include lung cancer, this is higher
compared with our study (20.91% in lung cancer patients) [21]. Our study showed that
among different cancer types, lung cancer patients had the highest increase in the odds
of all-cause in-hospital mortality rate. The higher overall mortality rate in lung cancer
patients compared to other cancers may be related to the known underlying diseased lung,
the likely reduced baseline pulmonary function as a result of prior lung resection surgeries
or radiation therapy, and/or potential emphysematous changes as a result of smoking that
may make the lungs more susceptible to negative outcomes of COVID-19.

Overall, COVID-19 is associated with a high morbidity burden on the affected patients.
Our adjusted analysis showed a 14% increase in the odds of acute respiratory failure in
cancer patients hospitalized for COVID-19 compared with non-cancer patients. Though
no significant difference in the rate of mechanical ventilation in cancer patients compared
with non-cancer patients (10.14% vs. 9.36%, respectively). In LEOSS study, 78 COVID-19
patients with cancer out of 435 (17.93%) required mechanical ventilation [20], and a report
from the National COVID Cohort Collaborative reported a rate of mechanical ventilation
of 8.2% (1606/19,515) among cancer patients with COVID-19 [16].

Worldwide, COVID-19 pandemic overwhelmed the healthcare systems. Though, in
regard to resource utilization, our study showed no significant differences in the length
of hospital stay and the total hospitalization charges in COVID-19 patients with cancer
compared with those without cancer. A similar result on the length of hospital stay was
reported in a study from Turkey that included patients with hematologic malignancies
and COVID-19 [22]. The mean length of hospital stay among our COVID-19 patients with
cancer (8.07 days) was lower than what is reported in the literature. Manzano et al. and
Aboueshia et al. reported a mean length of hospital stay in COVID-19 cancer patients of
11.2 and 12.8 days, respectively [23,24].

Despite the strengths of our study owing to its large sample size and scope, there
are several limitations. First, an administrative database was used to collect our data.
Claims-based databases have been shown to be vulnerable to incorrectly entered or missing
codes. However, less than 3% of the variables we used had missing data. Second, cancer
patients, irrespective of their symptoms, are more likely to get COVID-19 testing. The
percentage of COVID-19 patients who were asymptomatic could not be determined because
we were unable to acquire information on symptoms at presentation. Third, due to the
retrospective design of our study, the exposure is unamenable to randomization thus we
relied on regression models to account for confounders. Therefore, there is a risk of residual
confounding. We minimized that risk by controlling for a variety of patient and hospital-
level characteristics. Fourth, the results of this study represent the outcomes of adult
patients who received treatment in the United States; outcomes may vary in environments
with fewer resources or regions of the world with limited access to healthcare. Finally,
results are only applicable to the year 2020, and could vary thereafter, especially with the
development of vaccines and other treatment options.

5. Conclusions

Our study demonstrated that cancer patients hospitalized for COVID-19 had higher
rates of all-cause in-hospital mortality and acute respiratory failure compared with those
without cancer. Patients with lung cancer, particularly, had the worst outcomes compared
to other cancers. Additionally, we found no significant differences in the rates of septic
shock, acute respiratory distress syndrome, mechanical ventilation, and resource utilization
such as length of hospital stay and total hospitalization charges between cancer and non-
cancer groups.



Cancers 2023, 15, 222 10 of 11

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/cancers15010222 /s1, Table S1: ICD-10-CM codes for dis-
eases and procedures used in the study; Table S2: Outcomes according to cancer type.

Author Contributions: Z.A. and S.K. had full access to the data and take responsibility for the
integrity of the data and the accuracy of the data analysis. Statistical analysis performed by Z.A., S.K.
and AYA., ZA,AA,AYA,AB, WS, WK, OS.,, SK. and R.A. contributed equally to the concept
and design, acquisition, or interpretation of data and drafting of the manuscript. Critical revision
of the manuscript for important intellectual content performed by A.Y.A., S.K. and R.A. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was deemed exempt by the Institutional Review
Board of the University of Toledo, as it was a retrospective cohort study using publicly, deidenti-
fied data.

Informed Consent Statement: Not applicable.

Data Availability Statement: This publication is based on research using de-identified individual
participant data using the Healthcare Cost and Ultilization Project Nationwide Inpatient Sample (NIS)
2020 database. The authors declare that all the data supporting the findings of this study are available
within the manuscript.

Conflicts of Interest: All authors declared no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

Ochani, R.; Asad, A.; Yasmin, E; Shaikh, S.; Khalid, H.; Batra, S.; Sohail, M.R.; Mahmood, S.F.; Ochani, R.; Hussham
Arshad, M,; et al. COVID-19 pandemic: From origins to outcomes. A comprehensive review of viral pathogenesis, clinical
manifestations, diagnostic evaluation, and management. Infez. Med. 2021, 29, 20-36. [PubMed]

Rahman, S.; Montero, M.T.V,; Rowe, K,; Kirton, R.; Kunik, F, Jr. Epidemiology, pathogenesis, clinical presentations, diagnosis and
treatment of COVID-19: A review of current evidence. Expert Rev. Clin. Pharmacol. 2021, 14, 601-621. [CrossRef] [PubMed]
World Healh Organization. WHO Coronavirus (COVID-19) Dashboard. Available online: https://covid19.who.int/ (accessed on
12 November 2022).

Guan, WJ,; Liang, WH.; Zhao, Y,; Liang, H.R.; Chen, Z.S; Li, YM,; Liu, X.Q.; Chen, R.C; Tang, C.L.; Wang, T.; et al. Comorbidity
and its impact on 1590 patients with COVID-19 in China: A nationwide analysis. Eur. Respir J. 2020, 55, 2000547. [CrossRef]
[PubMed]

Park, R.; Chidharla, A.; Mehta, K.; Sun, W.; Wulff-Burchfield, E.; Kasi, A. Sex-bias in COVID-19-associated illness severity and
mortality in cancer patients: A systematic review and meta-analysis. EClinicalMedicine 2020, 26, 100519. [CrossRef] [PubMed]
Sanyaolu, A.; Okorie, C.; Marinkovic, A.; Patidar, R.; Younis, K.; Desai, P.; Hosein, Z.; Padda, I.; Mangat, J.; Altaf, M. Comorbidity
and its Impact on Patients with COVID-19. SN Compr. Clin. Med. 2020, 2, 1069-1076. [CrossRef]

Price-Haywood, E.G.; Burton, ].; Fort, D.; Seoane, L. Hospitalization and mortality among black patients and white patients with
COVID-19. N. Engl. ]. Med. 2020, 382, 2534-2543. [CrossRef]

Liang, W.; Guan, W.; Chen, R.; Wang, W,; Li, ].; Xu, K,; Li, C,; Ai, Q.; Lu, W,; Liang, H.; et al. Cancer patients in SARS-CoV-2
infection: A nationwide analysis in China. Lancet Oncol. 2020, 21, 335-337. [CrossRef]

Miyashita, H.; Mikami, T.; Chopra, N.; Yamada, T.; Chernyavsky, S.; Rizk, D.; Cruz, C. Do patients with cancer have a poorer
prognosis of COVID-19? An experience in New York City. Ann. Oncol. 2020, 31, 1088-1089. [CrossRef]

Houchens, R.D.; Elixhauser, A.; Jiang, J. Nationwide Inpatient Sample (NIS) Redesign Final Report. Available online: http:
/ /www.hcup-us.ahrq.gov/reports/methods/methods.jsp (accessed on 12 November 2022).

US Agency for Healthcare Research and Quality. NIS Description of Data Elements. Available online: https://www.hcup-us.
ahrq.gov/db/nation/nis/nisdde.jsp (accessed on 12 November 2022).

Chawla, D.; Rizzo, S.; Zalocusky, K.; Keebler, D.; Chia, J.; Lindsay, L.; Yau, V.; Kamath, T.; Tsai, L. Descriptive epidemiology of
16,780 hospitalized COVID-19 patients in the United States. MedRxiv 2020. [CrossRef]

Richardson, S.; Hirsch, J.S.; Narasimhan, M.; Crawford, ].M.; McGinn, T.; Davidson, K.W. Presenting Characteristics, Comorbidi-
ties, and Outcomes among 5700 Patients Hospitalized with COVID-19 in the New York City Area. JAMA 2020, 323, 2052-2059.
[CrossRef]

Wang, Q.; Berger, N.A.; Xu, R. Analyses of Risk, Racial Disparity, and Outcomes among US Patients with Cancer and COVID-19
Infection. JAMA Oncol. 2021, 7, 220-227. [CrossRef] [PubMed]

De Azambuja, E.; Brandao, M.; Wildiers, H.; Laenen, A.; Aspeslagh, S.; Fontaine, C.; Collignon, J.; Lybaert, W.; Verheezen, J.;
Rutten, A. Impact of solid cancer on in-hospital mortality overall and among different subgroups of patients with COVID-19: A
nationwide, population-based analysis. ESMO Open 2020, 5, €000947. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/cancers15010222/s1
http://www.ncbi.nlm.nih.gov/pubmed/33664170
http://doi.org/10.1080/17512433.2021.1902303
http://www.ncbi.nlm.nih.gov/pubmed/33705239
https://covid19.who.int/
http://doi.org/10.1183/13993003.00547-2020
http://www.ncbi.nlm.nih.gov/pubmed/32217650
http://doi.org/10.1016/j.eclinm.2020.100519
http://www.ncbi.nlm.nih.gov/pubmed/32864589
http://doi.org/10.1007/s42399-020-00363-4
http://doi.org/10.1056/NEJMsa2011686
http://doi.org/10.1016/S1470-2045(20)30096-6
http://doi.org/10.1016/j.annonc.2020.04.006
http://www.hcup-us.ahrq.gov/reports/methods/methods.jsp
http://www.hcup-us.ahrq.gov/reports/methods/methods.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/nisdde.jsp
https://www.hcup-us.ahrq.gov/db/nation/nis/nisdde.jsp
http://doi.org/10.1101/2020.07.17.20156265
http://doi.org/10.1001/jama.2020.6775
http://doi.org/10.1001/jamaoncol.2020.6178
http://www.ncbi.nlm.nih.gov/pubmed/33300956
http://doi.org/10.1136/esmoopen-2020-000947
http://www.ncbi.nlm.nih.gov/pubmed/32978251

Cancers 2023, 15, 222 11 of 11

16.

17.

18.

19.

20.

21.

22.

23.

24.

Sharafeldin, N.; Bates, B.; Song, Q.; Madhira, V.; Yan, Y,; Dong, S.; Lee, E.; Kuhrt, N.; Shao, Y.R; Liu, E; et al. Outcomes of
COVID-19 in Patients with Cancer: Report from the National COVID Cohort Collaborative (N3C). . Clin. Oncol. 2021, 39,
2232-2246. [CrossRef] [PubMed]

Kuderer, N.M.; Choueiri, TK,; Shah, D.P; Shyr, Y.; Rubinstein, S.M.; Rivera, D.R,; Shete, S.; Hsu, C.-Y.; Desai, A.; de Lima Lopes,
G., Jr. Clinical impact of COVID-19 on patients with cancer (CCC19): A cohort study. Lancet 2020, 395, 1907-1918. [CrossRef]
Desai, A.; Gupta, R.; Advani, S.; Ouellette, L.; Kuderer, N.M.; Lyman, G.H.; Li, A. Mortality in hospitalized patients with cancer
and coronavirus disease 2019: A systematic review and meta-analysis of cohort studies. Cancer 2021, 127, 1459-1468. [CrossRef]
Symvoulakis, E.K.; Anyfantakis, D. Primary care and the COVID-19 pandemic: Schrodinger’s cat. ER] Open. Res. 2021, 7,
00730-2020. [CrossRef]

Riithrich, M.M.; Giessen-Jung, C.; Borgmann, S.; Classen, A.; Dolff, S.; Griiner, B.; Hanses, F,; Isberner, N.; Kohler, P.; Lanznaster, J.
COVID-19 in cancer patients: Clinical characteristics and outcome—An analysis of the LEOSS registry. Ann. Hematol. 2021, 100,
383-393. [CrossRef]

Garassino, M.C.; Whisenant, ].G.; Huang, L.-C.; Trama, A.; Torri, V.; Agustoni, F; Baena, ].; Banna, G.; Berardi, R.; Bettini, A.C.
COVID-19 in patients with thoracic malignancies (TERAVOLT): First results of an international, registry-based, cohort study.
Lancet Oncol. 2020, 21, 914-922. [CrossRef]

Yigenoglu, T.N.; Ata, N.; Altuntas, F; Basci, S.; Dal, M.S.; Korkmaz, S.; Namdaroglu, S.; Basturk, A.; Hacibekiroglu, T.;
Dogu, M.H.; et al. The outcome of COVID-19 in patients with hematological malignancy. J. Med. Virol. 2021, 93, 1099-1104.
[CrossRef]

Manzano, ].M.; Muthu, M.; Kheder, E.; Mohammed, A.; Halm, J.; Dickson, K.; Ali, N.; Leung, C.; Koom-Dadzie, K.; Rubio, D.; et al.
Hospitalization characteristics and outcomes of patients with cancer and COVID-19 at a comprehensive cancer center. Support
Care Cancer 2022, 30, 7783-7788. [CrossRef]

Aboueshia, M.; Hussein, M.H.; Attia, A.S.; Swinford, A.; Miller, P.; Omar, M.; Toraih, E.A.; Saba, N.; Safah, H.; Duchesne, J. Cancer
and COVID-19: Analysis of patient outcomes. Future Oncol. 2021, 17, 3499-3510. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1200/JCO.21.01074
http://www.ncbi.nlm.nih.gov/pubmed/34085538
http://doi.org/10.1016/S0140-6736(20)31187-9
http://doi.org/10.1002/cncr.33386
http://doi.org/10.1183/23120541.00730-2020
http://doi.org/10.1007/s00277-020-04328-4
http://doi.org/10.1016/S1470-2045(20)30314-4
http://doi.org/10.1002/jmv.26404
http://doi.org/10.1007/s00520-022-07209-w
http://doi.org/10.2217/fon-2021-0121
http://www.ncbi.nlm.nih.gov/pubmed/34263660

	Introduction 
	Methods 
	Data Source 
	Study Subjects 
	Study Variables and Outcomes 
	Statistical Analysis 

	Results 
	Patients and Hospital Characteristics 
	In-Hospital Mortality 
	Morbidity 
	Septic Shock 
	Acute Respiratory Failure 
	Acute Respiratory Distress Syndrome 
	Mechanical Ventilation 

	Resource Utilization 
	Length of Hospital Stay 
	Total Hospitalization Charges 

	Sensitivity Analysis of Mortality Outcome by Cancer Type 

	Discussion 
	Conclusions 
	References

