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Background: We sought to investigate the outcomes associated with COVID-19 disease in cancer patients.
Methods: We conducted a retrospective cohort study of laboratory-confirmed COVID-19 patients. Results:
Of the 206 patients included, 57 had at least one preexisting malignancy. Cancer patients were older than
noncancer patients. Of the 185 discharged cases, cancer patients had a significantly higher frequency of
unplanned reintubation (7.1% vs 0.9%, p < 0.049), and required longer hospital stay (8.58 + 6.50 days
versus 12.83 + 11.44 days, p < 0.002). Regression analysis revealed that obesity and active smoking were
associated with an increased risk of mortality. Conclusion: Outcomes in COVID-19 appear to be driven by
obesity as well as active smoking, with no difference in mortality between cancer and noncancer patients.

Lay Abstract: In this study, we aimed to investigate how COVID-19 affected cancer patients and whether
this altered their survival outcomes. To do this, we examined data from a database of patients who have
passed through our institution — a retrospective cohort analysis. Of the 206 patients we included in the
study from this database, 57 had at least one preexisting cancer. Cancer patients tended to be older than
noncancer patients. Of the 185 discharged patients, cancer patients required longer hospital stays, but
there was no difference in mortality. Disease complications and intensive care unit admission with obesity
and active smoking put patients in our cohort at increased risk of death. To conclude, outcomes in COVID-
19 patients appear to be driven by obesity as well as active smoking, with no difference in mortality
between cancer and noncancer patients.
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As the COVID-19 epidemic evolves, countries are considering policies of shielding putative vulnerable patients at
increased risk of severe phenotype. A consistently high risk of severe COVID-19 and adverse outcomes in older
individuals and those with underlying health conditions has been shown. The CDC has issued guidelines on persons
at increased risk of severe COVID-19 that include people with cardiovascular disease, diabetes, chronic renal disease
and a range of other chronic conditions [1]. However, information about the risk of severe disease among many
comorbidities is scarce. Currently, limited literature exists on the risk of severe illness from COVID-19 in cancer
patients relative to patients without cancer.

The COVID-19 pandemic has forced clinicians to choose between providing pre-COVID-19 standards of care
and altering care to reduce exposure of at-risk patients to COVID-19. Older individuals and those with underlying
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conditions have consistently been shown to have a higher risk of severe COVID-19 illness and adverse outcomes [2].
This gives rise to the ethical dilemma physicians face, especially with the shortage in resources the health system
has been exposed to during the pandemic and the scarcity of data available in the literature on how to manage
these patients [3,4]. Another ethical consideration that should be taken into account is the stress the cancer patients
experience if their treatment was postponed [5].

Early evidence from China suggested increased risk of COVID-19 and adverse events in cancer patients; however,
the evidence supporting these conclusions was lacking [6,7). Later meta-analysis of studies from China and Italy
showed an increased risk for COVID-19 and adverse events in cancer patients compared with the general population,
although the study authors acknowledged that experts should only cautiously extrapolate from the study results [s].
Studies in the USA related to COVID-19 and cancer are ongoing, but data from the New York State Department of
Health shows that as of 14 August 2020, 7.6% of deaths attributable to COVID-19 were in patients with cancer [9].
Cumulatively, these data suggest that cancer patients are at greater risk for mortality and adverse outcomes from
COVID-19, but interpretation should be made cautiously. Epidemiological data within the US remain limited,
and cancer patients are a diverse cohort.

This article attempts to study the relationship between cancer and severe COVID-19 illness with adverse
outcomes. We hope this will contribute to the literature available to help physicians better manage the treatment
of cancer patients during the pandemic.

Methods

Study population

Study data were collected and managed using REDCap electronic data capture tools hosted at Tulane Medical
Center. REDCap (Research Electronic Data Capture) is a secure, web-based software platform designed to support
data capture for research studies, providing an intuitive interface for validated data capture and audit trails for
tracking data manipulation and export procedures [10]. Adult hospitalized patients were collected during the period
between 27 February and 27 April 2020. COVID-19 testing for patients was done using RT-PCR through the
Louisiana Office of Public Health (OPH) Laboratory. Institutional review board (IRB) approval was obtained.
Cancer patients were divided into patients receiving treatment as active cancer and patients in remission with
nonactive cancer.

Variables

Demographics, clinical presentation, comorbidities, laboratory values on admission, complications and outcomes
were collected. PaO; /FIO; ratio was estimated as the ratio of arterial oxygen partial pressure (PaO, in mm Hg) to
fractional inspired oxygen [11]. The neutrophil-lymphocyte ratio was determined an indicator for poor outcome [12].
Two scoring systems were used for severity assessment: first, the CURB-65 score — confusion status, blood urea
nitrogen level >19 mg/dl (>7 mmol/I), respiratory rate >30, blood pressure (systolic <90 mm Hg or diastolic
<60 mm Hg) and age >65 years [13]; second, the Quick Sequential Organ Failure Assessment (QSOFA) score based
on Glasgow Coma Score <15, respiratory rate >22 and systolic blood pressure <100 [14].

Outcomes

Comparisons between cancer and noncancer groups and between active and nonactive cancer cohorts were per-
formed. The primary outcome of concern was in-hospital mortality. Secondary outcomes were risk of intensive care
unit (ICU) admission, risk of endotracheal intubation, duration of mechanical ventilation and length of hospital
stay.

Statistical analysis

Data management was carried out using SAS 9.4 (SAS Institute Inc., 2013, NC, USA), and statistical analysis was
performed using STATA 16.0 (StataCorp., 2019, TX, USA) and SPSS 26.0 (SPSS, Inc., IL, USA). Quantitative
data were described as mean and standard deviation (SD), and binary variables were presented as frequencies
and percentages. Chi-square or Fisher’s exact tests were applied to test the differences in categorical variables, and
Student’s t- and Mann-Whitney U-tests were used for quantitative variables to examine the difference between
cancer and noncancer patients and between active and nonactive cancer patients. Kaplan-Meier survival curves
were plotted, and the log rank test was used to compare in-hospital mortality between groups. Binary logistic
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Figure 1. Clinical assessment of COVID-19 patients. (A) Clinical presentation on admission. (B) Frequency of
comorbidities. (C) Severity assessment by CURB-65 score. CURB-65 score represents confusion (mental test score <8
new disorientation in person, place or time), blood urea nitrogen >20 mg/d|, respiratory rate >30 breaths/min, blood
pressure (systolic <90 mm Hg, or diastolic <60 mm Hg) and age >65 years.

AMS: Altered mental status; CAD: Coronary artery disease; CHF: Congestive heart failure; COPD: Chronic obstructive
pulmonary disease; CURB-65: Confusion status; CVD: Cerebrovascular disease.

regression analysis was used to evaluate predictors of ICU admission and mortality in COVID-19 patients. Results
were reported as odds ratio (OR) and 95% CI and two-sided p-values <0.05 were set as significant.

Results

Characteristics of the study population

A total of 260 COVID-19 patients were admitted during the period between 27 February and 27 April 2020.
COVID-19 testing for patients was done using RT-PCR through the Louisiana OPH Laboratory. The mean
age was 58.6 £ 14.0 years (range: 18-93 years). Females represented 52.3% of the population, 86.2% were not
Hispanic/Latino and 73.5% were African American; White patients accounted for 11.9% of the study population.
BMI was 33.5 & 8.7 kg/m?. One hundred seventy-nine (78.8%) had comorbid diseases. Hypertension (77.3%),
obesity (59.6%), diabetes (41.9%) and malignancy (21.9%) were the most frequent. Clinical presentation and
comorbidities are shown in Figure 1.

Frequency of poor outcomes
Of the total COVID-19 patients, 131 patients (50.4%) required oxygen therapy, 70 patients (26.9%) required
mechanical ventilation, 51 patients (19.6%) were intubated and 19 patients were on noninvasive ventilation (7.3%).
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Figure 2. Independent predictor risk factors for ICU admission and mortality. Binary logistic regression analysis was
performed, and data are reported as odds ratio and 95% Cl. CURB-65, blood urea nitrogen level >19 mg/dl (>7
mmol/l), respiratory rate >30, blood pressure (systolic <90 mm Hg or diastolic <60 mm Hg) and age >65 years.
CURB-65: Confusion status; ICU: Intensive care unit; gSOFA: Quick Sequential Organ Failure Assessment.

During the hospital stay, 23 patients (8.8%) were extubated, nine of whom (3.5%) had unplanned reintubation.
One hundred and four patients developed acute respiratory distress syndrome (ARDS), accounting for 40% of the
study population. According to the degree of decrease in the oxygen content of the blood, the severity of ARDS
was graded into mild, moderate and severe, representing 38.5%, 37.5% and 20.0% of patients, respectively. At the
end of the study, 184 patients (70.8%) were discharged after a mean hospital stay of 9.64 £ 8.3 days, 36 patients
(13.8%) were still hospitalized, and 40 cases (15.4%) died.

Predictors for ICU admission & mortality in the study population

Seventy-six patients (29.2%) required ICU admission, 41 of whom (53.9%) were admitted directly to the ICU from
the emergency department (ED). After adjustment of covariates, multivariable analysis showed that being obese
(odds ratio [OR] = 4.46, 95% CI = 1.91-10.4, p = 0.001), an active smoker (OR = 2.43, 95% CI = 1.09-5.41,
p = 0.028), having diabetes (OR = 2.17, 95% CI = 1.0-4.69, p = 0.048) or having high qSOFA score (OR = 2.46,
95% CI = 1.37-4.43, p = 0.003) indicated greater likelihood of being admitted to the ICU.

Mortality rate among patients admitted to the ICU was three times higher than those hospitalized in the general
hospital floor (80.6 vs 19.4%, p < 0.001). In ward patients, 66.7% of deaths occurred within the first week,
whereas in the ICU-admitted patients, higher death rate (60.7%) was remarkable in the second week. Most death
in COVID-19 patients were attributed to ARDS (93.3%, p = 0.039). Regression analysis revealed that obesity
(OR = 6.31, 95% CI = 1.81-22.1, p = 0.004), active smoking (OR = 6.15, 95% CI = 2.15-17.6, p = 0.001),
CURB-65 score (OR =2.76, 95% CI = 1.50-5.07, p = 0.001) and gSOFA score (OR =2.57, 95% CI = 1.15-5.6,

p = 0.021) were associated with an increased risk of mortality (Figure 2).

Characteristics of cancer patients

Characteristics of 57 cancer (30 men and 27 women) and 203 noncancer patients were compared. Their mean
age was 63.6 £ 12.5 years and 58.7 & 14.6 years, respectively (p = 0.023). Breast and prostate cancers were the
most common (Figure 3A). There was no significant difference in severity scores between cancer and noncancer
cohorts (Figure 3B & C). As shown in Table 1, the prevalence of chronic kidney disease was double in individuals
with cancer (26.3 vs 13.3%, p = 0.025), and chest pain and fatigue were more common in the cancer group
(p = 0.006 and 0.020, respectively). Despite being older and having a higher frequency of comorbidities, there was
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Table 1. Comparison between cancer a ncancer patients.

Characteristics Noncancer (n = 203) Cancer (n =57) p-value

Age categories (yr) <60 111 (54.7) 20 (35.1) 0.011
>60 92 (45.3) 37 (64.9)

Gender Female 109 (54.5) 27 (47.4) 0.37
Male 91 (45.5) 30 (52.6)

Ethnicity Hispanic or Latino 2(1.0) 1(2.1) 0.36
Not Hispanic or Latino 179 (91.8) 45 (95.7)
Not Reported 14 (7.2) 1(2.1)

Race Black or African American 154 (77.0) 37 (66.1) 0.41
White 23 (11.5) 8(14.3)
Others 21(10.5) 2(3.6)

Tobacco smoking Never 127 (66.1) 30 (682) 0.40
Current 44 (22.9) 12 (27.3)
Former 21(10.9) 2 (4.5)

Clinical presentation SOB 118 (58.1) 27 (47.4) 0.17
Cough 36 (17.7) 12 (21.1) 0.56
Fever 38(18.7) 11(19.3) 0.92
Chest pain 7 (3.4) 8(14.0) 0.006
Flu-like symptoms 11 (5.4) 4 (7.0) 0.74
Fatigue 11 (5.4) 9(15.8) 0.020
Altered mental status 14 (6.9) 4 (7.0) 0.97
Myalgia 2(1.0) 3(5.3) 0.07
Seizure 3(1.5) 0 (0.0) 0.35
Headache 6 (3.0) 0 (0.0) 0.34
Abdominal pain 3(1.5) 3(5.3) 0.12
Bowel change 3(1.5) 2 (3.5) 0.30

Comorbidities Negative 77 (37.9) 4 (7.0) <0.001
Positive 126 (62.1) 53 (93.0)

Type of comorbid disease Hypertension 152 (74.9) 49 (86.0) 0.10
Diabetes 84 (41.4) 25 (43.9) 0.76
Obesity 125 (63.8) 30 (52.6) 0.16
Cardiac disease 47 (23.2) 20 (35.1) 0.08
CKD 27 (13.3) 15 (26.3) 0.025
cvD 25(12.3) 12 (21.1) 0.13
COPD 21(10.3) 5(8.8) 0.72
Asthma 27 (13.3) 4(7.0) 0.25

ED disposition Home 12 (6.7) 8(14.8) 0.07
Floor 139 (77.2) 34 (63.0)
ICU 29 (16.1) 12 (22.2)

Current status Still hospitalized 28 (13.8) 8(14.0) 0.55
Discharged 142 (70.0) 42 (85.7)
Deceased 33(16.3) 7(14.3)

Complications Negative 35 (20.1) 11(21.2) 0.84
Positive 139 (79.9) 41 (78.8)

Mortality Alive 170 (83.7) 50 (87.7) 0.53
Dead 33(16.3) 7(12.3)

Death location Floor 8(24.2) 2(33.3) 0.63
ICU 25 (75.8) 4 (66.7)

Data are presented as number (percentage). Fisher’s exact or chi-square tests were used.
CKD: Chronic kidney disease; COPD: Chronic obstructive pulmonary disease; CVD: Cerebrovascular disease; ED: Emergency department; ICU: intensive care unit.
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Figure 3. Characteristics of cancer and noncancer patients. (A) Frequency of tumor site in cancer group. (B)
Frequency of cohorts according to qSOFA score. (C) Frequency of cohorts according to CURB-65 score. Chi-square test
was used. CURB-65, blood urea nitrogen level >19 mg/dl (=7 mmol/l), respiratory rate >30, blood pressure (systolic
<90 mm Hg or diastolic <60 mm Hg) and age >65 years.

CURB-65: Confusion status; gSOFA: Quick Sequential Organ Failure Assessment.

no significant difference in ICU admission (22.2% vs 16.1%, p = 0.07), complications (78.8 vs 79.9%, p = 0.84)
or mortality (12.3 vs 16.3%, p = 0.53). Analysis of COVID-19 patients who were discharged (n = 185) and those
who were deceased (n = 40) is presented in Table 2. Of 49 closed cases, 42 cancer patients had been discharged
accounting for a discharge rate of 85.7%. In contrast, 142 of 175 noncancer patients were discharged, representing

81.1%. Cohorts with cancer stayed longer in the hospital (12.8 £ 11.4 days) compared with noncancer patients
(8.58 = 6.50 days, p = 0.002).

Comparison between active & nonactive cancer patients

The comparison between active cancer patients with those who had a history of cancer showed no significant
difference in their demographic and clinical features, laboratory data, complications or survival rate; however,
active cancer cases required longer hospital stays (24.9 & 17.1 vs 9.49 £ 6.39 days, p < 0.001) (Table 3). As
depicted in Kaplan-Meier curves, there was no difference was observed in mortality between cancer and noncancer
groups or between active and nonactive patients (Figure 4).
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Table 3. Comparison between active and nonactive cancer patients.

Characteristics Nonactive cancer (n = 46) Active cancer (n = 11) p-value
Demographics Age 58.7 + 14.6 60.7 +£ 9.3 0.65
Males 91 (45.5) 6 (54.5) 0.75
BMI 33.8+87 28.6 +7.8 0.05
Comorbidities Diabetes 84 (41.4) 1(9.1) 0.05
Obesity 125 (63.8) 4(36.4) 0.10
HTN 152 (74.9) 9(81.8) 0.60
CAD 22 (10.8) 1(9.1) 0.85
CKD 27 (13.3) 2(18.2) 0.64
CURB-65 1.59+0.8 1.27+£0.9 0.22
qSOFA 0.77 £ 0.68 0.36 + 0.50 0.05
Number of comorbidities 1.12+1.27 0.73 £ 0.6 0.30
ABG P/F ratio 208.4+ 103 261.8 +162.8 0.27
Laboratory testing CRP 33.0£50.5 122+ 153 0.36
Ferritin 675.4 + 689 665.8 + 628 0.98
Procalcitonin 19.5 + 86.5 0.09 £ 0.02 0.70
NLR 8.13+223 7.85+7.63 0.96
Procedures Require O, therapy 100 (54.1) 6 (54.5) 0.97
Require intubation 40 (21.6) 4 (36.4) 0.27
Mechanical ventilation 56 (30.4) 3(27.3) 0.82
Extubation 16 (11.9) 3(27.3) 0.15
Unplanned reintubation 6 (4.4) 0 (0.0) 0.82
ICU admission Floor 116 (66.7) 6 (54.5) 0.51
ICU 58 (33.3) 5 (45.5)
Complications Positive 139 (79.9) 7 (63.6) 0.24
ARDS 40 (23.0) 4 (36.4) 0.29
AKI 50 (28.7) 2(18.2) 0.73
Sepsis/septic shock 28 (16.1) 1(9.1) 0.53
Mortality Positive 33(16.3) 3(27.3) 0.40
Death location Floor 8(24.2) 1(33.3) 0.72
ICU 25 (75.8) 2 (66.7)
LOS Total LOS 9.49 +6.39 249 +£17.1 <0.001
ICU LOS 241 +£43 0.82 +1.94 0.22
Ventilation 1.67 £ 3.4 0.82 +£1.94 0.41

Data are presented as number (percentage) or mean = SD. Fisher’s exact or chi-square and Mann-Whitney or Student's t-tests were used, blood urea nitrogen level >19 mg/dl (>7 mmol/I),
respiratory rate >30, blood pressure (systolic <90 mm Hg or diastolic <60 mm Hg) and age >65 years.

ABG: Arterial blood gases; AKI: Acute kidney injury; ARDS: Acute respiratory distress syndrome; CKD: Chronic kidney disease; COPD: Chronic obstructive pulmonary disease; CRP: C-reactive
protein; CURB-65: Confusion status; CVD: Cerebrovascular disease; ICU: Intensive care unit; LOS: length of stay; NLR: Neutrophil-to-lymphocyte ratio; P/F ratio: PaO2/FiO2 ratio of arterial
oxygen partial pressure (Pa02 in mmHg) to fractional inspired oxygen (FiO2 expressed as a fraction); qSOFA: Quick Sequential Organ Failure Assessment; SD: Standard deviation.

Discussion

The COVID-19 pandemic has presented an incredible stress on the healthcare system. As of 5 September 2020,
the total number of US COVID-19 infections had reached 6,095,007, with 185,687 deaths [15]. As the number
of SARS-CoV-2 virus infections continues to rise, it has become increasingly important to characterize the disease
process in varying patient populations for risk stratification.

One highly vulnerable group is cancer patients, who tend to be hospitalized for a prolonged period, increasing their
risk of exposure to COVID-19 [16]. They have a weakened immune system due to the cancer itself and treatments
such as chemotherapy or radiotherapy that they are undergoing. The current study included 260 COVID-19
patients in whom 57 cancer patients were compared with 203 noncancer patients, with breast and prostate cancer
cases being the most frequent. Our findings indicate that cancer patients diagnosed with COVID-19 do not have
significantly different outcomes in terms of adverse events or mortality rates than noncancer patients infected with
COVID-19. Discharged cancer patients, however, did have higher rates of comorbidities, increased frequency of
reintubation and prolonged length of hospital stay compared with noncancer COVID-19 patients.
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Figure 4. Kaplan-Meier survival curves. (A) Comparison between survival in cancer and noncancer groups. (B)
Comparison between survival in active and nonactive cancer groups. Although the Kaplan-Meier curve shows
different survival distribution between active and nonactive patients, it did not reach statistical significance (p = 0.06).
Log rank test was used.

In this study, cancer cohorts were older and more likely to have comorbid conditions. Similarly, different studies
consistently reported that patients with a variety of comorbidities — including hypertension, diabetes and obesity
— are at a higher risk of hospitalization due to COVID-19 than people without these conditions [17]. The data
we compiled show a significantly higher number of comorbidities in cancer versus noncancer patients in both
the deceased and discharged cohorts. In addition to underlying immunosuppression, the increased prevalence
of comorbidities may be a contributing factor in the prolonged hospital stays seen in cancer patients relative to
noncancer patients.

In our cancer cohorts, despite being older and having a higher frequency of comorbidities, there was no
significant difference in ICU admission or risk of developing complications in cancer patients. However, it did
show significantly longer hospital stays and higher rates of reintubation in the cancer cohort. This is consistent
with the more severe disease course for cancer patients with COVID-19, as elucidated in previous studies [18-21].
It is also worth noting that active cancer patients experienced longer hospital stays than did either the nonactive
cancer cohort or the noncancer group. Multivariable analysis, however, showed obesity, smoking and diabetes to
be risk factors for unfavorable outcomes, consistent with prior studies [22,23].

While our data show a trend toward survival in nonactive patients, they do not demonstrate a significant
difference in mortality rates between cancer and noncancer patients or between active and nonactive cancer groups.
According to a study conducted in the UK on cancer patients receiving anticancer therapy, the mortality appeared
to be driven by age, gender and comorbidities [24]. It was also reported that the COVID-19 mortality rate in breast
cancer patients depends more on comorbidities than previous radiation therapy or current anticancer treatment [25].

Due to the recent pandemic, there was a delay of patient management with decrease in encounters in multiple
fields (e.g., cardiology, breast, ophthalmology, oncology) (4. It was suggested to postpone the screening and
management of some cancer patients to avoid the risk of COVID-19 infection [26]. Also, Maringe ez al. postulated
that a considerable increase in the number of avoidable cancer mortality in England is to be expected due to
diagnostic delays due to the COVID-19 pandemic in the UK [27). However, Sundriyal ez a/. showed that modified
oncological practice measures such as tele-consultations and providing supportive care at or near home and
involvement of local/family physicians should be considered to minimize inpatient admissions; however, day-care
chemotherapies were continued to provide optimal oncology services [28]. More research is required to identify the
at-risk population and the management of cancer patients during the COVID-19 pandemic to avoid unnecessary
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delays in management and provide patients with optimal care because delaying management can lead to poor
outcomes [29].

There are several potential limitations to this study. This cohort of COVID-19 patients is representative of
the patient population at two university hospitals in New Orleans, Louisiana. A nationwide study involving
several regions and a larger patient cohort may provide a more representative population from which to can
identify the correlation between COVID-19 and cancer. Also, patients in New Orleans have varying frequencies
of comorbidities compared with the rest of the country, which could potentially skew the data reflecting adverse
outcomes and mortality. Lastly, our paper distinguished between active and nonactive cancer patients but made no
distinction in the treatment modalities for patients with active malignancy. Future studies should seek to characterize
active cancer patients by treatment modality to determine the effects that anticancer therapies have on COVID-19
disease progression as well as any alterations that should be made in treatment modalities for these patients.

Conclusion

While cancer patients stayed longer in the hospital there was with no difference in mortality among cancer patients
and the non cancer patients with the Worse outcomes in COVID-19 appear to be driven by obesity as well as active
smoking.

This study will provide physicians and other healthcare workers valuable information regarding outcomes and
anticipated clinical course for cancer patients diagnosed with COVID-19. As COVID-19 infection rates continue
to remain high, it is our hope that this information will allow for better treatment and management of COVID-19
in patients with cancer.

Summary points

e Obesity, active smoking, diabetes and high Quick Sequential Organ Failure Assessment (qSOFA) score led to
intensive care unit (ICU) admission.

e Mortality rates among patients admitted to the ICU were three times higher than patients in the ward.

e COVID-19 death was related mostly to acute respiratory distress syndrome.

e Obesity, active smoking, diabetes and high qSOFA and CURB-65 (Confusion status, blood urea nitrogen level >19

mg/dl [>7 mmol/I], respiratory rate >30, blood pressure [systolic <90 mm Hg or diastolic <60 mm Hg] and age

>65 years) scores were associated with an increased risk of mortality.

There was no significant difference in ICU admission between cancer and noncancer patients.

There was no significant difference in the rate of complication between cancer and noncancer patients.

Cohorts with cancer stayed longer in the hospital compared with noncancer patients.

No difference was observed in mortality between cancer and noncancer groups or between active and nonactive

patients.
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