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A B S T R A C T   

Patients with cancer are a vulnerable population during the COVID-19 pandemic due to underlying immuno
suppression, pre-existing comorbidities, and poor nutrition. There is a lack of data describing the disease course 
of cancer patients with COVID-19 disease. Therefore, we analyzed data from cancer patients with COVID-19 who 
were admitted to our hospital. Cancer patients were categorized into two groups as survivors and non-survivors 
of COVID-19. Among 68 cancer patients with COVID-19, 27% of patients were admitted to ICU, and 37% of the 
patients died. The median age was 72, and non-survivors were older than survivors (p = 0.001). Non-survivors 
had higher comorbidity scores, late-stage cancer, and worse ECOG performance status than survivors (all p 
values<0.005). Non-survivors also had significantly lower lymphocyte count and albumin level but higher 
lactate dehydrogenase, C-reactive protein, fibrinogen, troponin, and ferritin levels than survivors. On multi
variable analysis, increased age and mechanical ventilation were associated with increased odds of death. We 
report no association between anti-cancer treatments and mortality from COVID-19 disease. In summary, cancer 
patients have higher mortality of COVID-19 infection than the general population. In addition to generally 
known risk factors, the high mortality rate in cancer patients with COVID-19 is associated with several cancer- 
specific factors.   

Introduction 

The novel severe acute respiratory syndrome coronavirus-2 
(SARS–CoV-2) was first detected in December 2019 in Wuhan, China, 
then spread rapidly to almost every country globally, with United States, 
India, and Brasil as impacted the most [1]. The World Health Organi
zation nominated SARS–CoV-2 as the cause of the Coronavirus Disease 
2019 (COVID- 19) and has been formally declared a pandemic [2]. As of 
May 28, 2021, more than 170 million cases have been confirmed 
worldwide, leading to 3.5 million deaths [3]. 

Patients with cancer are a vulnerable population during the COVID- 
19 pandemic for many aspects, including underlying immunosuppres
sion, pre-existing comorbidities, and poor nutrition. Especially critically 
ill cancer patients are more prone to having macro- and micro-nutrition 
deficits, leading to poorer outcomes [4]. Cancer patients often have high 
exposure to the healthcare system due to follow-up visits for treatment, 

surveillance, and supportive care. Liang et al. reported that cancer pa
tients had poorer outcomes and higher incidence of COVID-19 than the 
general population [5]. They also reported a higher rate of serious 
adverse events such as intensive care unit admissions and requiring 
invasive ventilation. Another study found a 28.6% case-fatality rate of 
COVID-19 in patients with cancer [6]. Cancer patients might be 
immunocompromised due to antineoplastic therapy, some supportive 
medications including steroids, and the immunosuppressive nature of 
cancer itself [7]. Thus, patients with cancer seemed to be at high risk for 
developing unfavorable outcomes. To date, limited data exist describing 
the disease course of patients with cancer who infected with COVID-19. 
Current studies are limited by small sample sizes. The mortality out
comes of COVID-19 and either systemic antineoplastic treatment or 
immunotherapeutic drugs are mainly unknown, limited with small 
studies. 

The clinical characteristics of cancer patients infected with COVID- 
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19 largely remain obscure. Given the vulnerability of the cancer patients 
and potentially severe outcomes of COVID-19, an understanding of the 
factors related to clinical outcomes in patients with cancer is urgently 
needed. Therefore, we collected and analyzed data from cancer patients 
with COVID-19 who were admitted to our hospital. In this retrospective 
study, we aimed to describe clinical characteristics and outcomes of 
patients with cancer diagnosed with COVID-19 and identify risk factors 
associated with in-hospital mortality. 

Materials and methods 

In this retrospective study, we reported patients with COVID-19 who 
had a history of cancer. The patient data was collected in Capital Health 
Regional Medical Center between March 2020 and October 2020. This 
study was approved by the Institutional Ethics Committee of Capital 
Health Regional Medical Center. The need for informed consent was 
waived by the ethics committee due to the retrospective nature of the 
study and no identifiable patient information published. Two physicians 
(MO and MM) independently verified the data accuracy. 

Patients with laboratory-confirmed SARS-CoV-2 were included. Pa
tients with only clinically and radiologically diagnosis of COVID-19 
were excluded from the study. 

Cancer patients were categorized into two groups as survivors and 
non-survivors of COVID-19. We included demographics (age at diag
nosis, gender, race/ethnicity, insurance status), clinical findings 
(obesity status, comorbidity score, smoking status, type of malignancy, 
stage of disease, performance status, therapies, oxygen requirement, 
admission to intensive care unit (ICU), and laboratory findings. Obesity 
status was defined as overweight (BMI 25–29.9) and obese (BMI ≥ 30). 
The comorbidity score was calculated using the Charlson Comorbidity 
Index and categorized as ≤ 3 and >3. Smoking status was divided into 
three groups: Never smoker, a former smoker, and a current smoker. 
Functional status was evaluated using the Eastern Cooperative Oncology 
Group (ECOG) performance status scale. The staging was described as 
early-stage (I-II) and late-stage (III-IV) for solid malignancies. We 
defined active anti-cancer therapy if patients received systemic 
chemotherapy or others within four weeks of COVID-19 diagnosis. 
COVID-19 treatment information was also collected: Remdesivir, 
convalescent plasma, tocilizumab, dexamethasone, methylpredniso
lone, hydroxychloroquine, azithromycin. Time to ICU admission was 
defined as the number of days from ward admission to ICU admission. 

Statistics 

We used the t-test, chi-square, or Fisher’s exact test as appropriate to 
compare the baseline characteristics between survivor and non-survivor 
patients with COVID-19. The multivariable logistic regression model 
was performed to assess the association between variables and death. 
The odds ratio (OR) and 95% confidence interval (CI) were calculated 
with the logistic regression model. All analyses were performed using 
the SPSS version 22, and p <0.05 was considered statistically significant. 

Results 

We identified 562 patients with COVID-19; 68 (12%) patients had a 
history of cancer. Among 68 cancer patients with COVID-19, 25 (37%) 
patients had died of COVID-19. The median age was 72 (23–91), and 
non-survivors were older than survivors (median age 67 vs. 77, p =
0.001). Thirty-seven (54%) patients were male, and 36 (53%) patients 
were Black. Non-survivors were more likely to be male (68% vs. 32%) 
and Black. Twenty-five (37%) patients were overweight, and 19 (28%) 
patients were obese. Forty-four (65%) patients had never smoked. 
Thirty-nine (57%) patients had comorbidity scores> 3, and non- 
survivors had higher comorbidity scores compared to survivors (80% 
vs. 44%, p = 0.004). The most common cancer type was breast cancer 
(22%), following by prostate cancer (18%), lung cancer (12%), 

hematological cancers (12%), and colon cancer (10%). The most com
mon insurance type was Medicare MGD insurance (49%) which was 
higher in non-survivors compared to survivors (64% vs. 40%, p =
0.002). Non-survivors had worse ECOG performance status than survi
vors (p<0.001). Nineteen (76%) patients had an ECOG performance 
status of 3, and 6 (24%) patients had ad ECOG performance status of 4 
among non-survivors. Twenty-two (32%) patients received anti-cancer 
therapy within four weeks of COVID-19 diagnosis, including systemic 
chemotherapy (19%), radiotherapy (3%), hormonotherapy (9%), and 
others (2%). The most common treatment of COVID-19 was methyl
prednisolone (29%), followed by dexamethasone (25%) and azi
thromycin (25%). Twenty (29%) patients required oxygen therapy via 
high-flow nasal cannula, 15 (22%) patients required non-invasive me
chanical ventilation or invasive mechanical ventilation with a median 
time of 5 days. Mechanic ventilation was more frequently applied in 
non-survivors (40% vs. 7%, p<0.001). A total of 27% of patients were 
admitted to ICU with a median time of 5.5 days. Twenty-five (37%) 
patients had the late-stage disease, and it was more frequently in non- 
survivors than in survivors (60% vs. 23%, p = 0.002). Baseline charac
teristics of the cancer patients were summarized in Table 1. 

Non-survivors had lower lymphocyte count (8.2 vs. 13 109/L, p =
0.03), albumin level (2.8 vs. 3.5 g/dL, p = 0.003), but higher lactate 
dehydrogenase (501 vs. 371 U/L, p = 0.04), C-reactive protein (21.6 vs. 
7.9 mg/dL, p = 0.01), fibrinogen (736 vs. 587 mg/dL, p = 0.02), 
troponin (0.15 vs. 0.01, p = 0.009), and ferritin (697 vs. 531.5 ng/mL, p 
= 0.03) levels compared to survivors. Laboratory findings were sum
marized in Table 2. 

On multivariable logistic regression analysis, increasing age (OR 
1.20 [95% CI 1.04–1.38], p = 0.01), and mechanical ventilation (OR 
32.2 [95% CI 3.73–307.5], p = 0.003) were associated with increased 
odds of death (Table 3). There was no association between gender, 
obesity status, comorbidity score, anti-cancer therapy, stage of disease, 
and death. 

Discussion 

In this retrospective, single-center cohort study, we reported de
mographic, clinical, and laboratory findings, as well as treatments and 
outcomes, for 68 patients with cancer and laboratory-confirmed COVID- 
19 infection. Patients with cancer appear to have an increased risk of 
mortality or severe disease course in the ongoing COVID-19 pandemic 
regardless of cancer type and antineoplastic treatment. In our cohort, a 
total of 27% of patients were admitted to ICU, and 37% of the patients 
died, which is higher than the reported mortality rate in the general 
population. Similarly, in the literature, few studies reported increased 
mortality in a cancer patient with COVID-19 disease. In their cohort, 
Miyashita et al. reported a 28.4% case fatality rate [8]. Another study 
from Italy reported 20% of the deceased patients with COVID-19 had an 
active cancer history within the past five years [9]. Similarly, few studies 
reported increased mortality in cancer patients compared to the general 
population [10-12]. Although underlying mechanisms are not clearly 
explained, these findings suggest that patients with cancer are more 
susceptible to a poor prognosis of COVID-19. Both cancer and patients’ 
specific risk factors play a vital role in this matter, including impaired 
immune function and the fragility of cancer patients [13]. 

Age, gender, and comorbidities are previously reported factors 
related to mortality in patients with cancer and COVID-19 infection. 
Similarly, in our study, non-survivors were more likely to be older, male, 
and black. Additionally, higher comorbidity scores and increased oxy
gen requirement with NIVM and MV were associated with increased 
mortality (p values <0.004 and <0.001, respectively). Also, we deter
mined several cancer-specific factors that are related to increased mor
tality in cancer patients with COVID-19. ECOG performance status of 3 
or higher and advanced stage of cancer (Stage 3 and 4) were signifi
cantly associated with increased mortality (p values <0.02 and <0.001, 
respectively). On multivariable logistic regression analysis, only 
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increased age (OR 1.20 [95% CI 1.04–1.38], p = 0.01) and mechanical 
ventilation (OR 32.2 [95% CI 3.73–307.5], p = 0.003) were associated 
with increased odds of death (Table 3). 

Cancer patients under active anti-cancer treatments have been 
generally considered a higher risk of worse outcomes than those who are 
not receiving anti-cancer treatment. The evidence to support these ideas 
is obscure and generally limited to retrospective studies with small 
sample sizes [5, 11, 14]. Our data do not demonstrate that chemo
therapy or other anti-cancer treatments are related to increased mor
tality from COVID-19 disease. In their prospective cohort study of 800 
cancer patients with COVID-19 disease, Lee et al. reported that recent 
anti-cancer treatment was not significantly associated with increased 
mortality [15]. Similarly, in their cohort of 938 patients, Kuderer et al. 
reported an absence of relation between mortality and anti-cancer 
treatments [16]. Therefore, the American Society of Clinical Oncology 
suggested that effective anti-cancer treatments could continue during 
the COVID-19 pandemic to spare our patients from increased cancer 
morbidity and mortality [17]. Also, recipients of hematopoietic stem cell 
transplantation patients remain at high risk and need special attention 
[18]. We highly encourage to conclude further studies with higher 
numbers of patients to confirm or negate these findings. 

The most common cancer type in our study was breast cancer, 
following by prostate cancer and lung cancer. Cancer type was not 
associated with mortality. Also, race and ethnicity, obesity status, type 
of anti-cancer therapies, and smoking status were not associated with 
mortality. Several previous studies reported lung cancer was associated 
with a higher pneumonia rate and a more severe disease course [10, 19]. 
Our results demonstrated that several laboratory values were signifi
cantly associated with mortality. It’s known that increased inflamma
tory markers are closely related to the inflammatory storm and 
unfavorable outcomes [20]. In our study, non-survivors had lower 
lymphocyte count and albumin level (p = 0.03, p = 0.003, respectively), 
but higher lactate dehydrogenase, C-reactive protein, fibrinogen, 
troponin, and ferritin level than survivors (all p values < 0.005) 
compared to survivors, These findings were similar to previous reports 
[10, 21, 22]. 

Our findings are important in supporting the limited evidence of 
susceptibility of cancer patients in the current pandemic. However, our 
study also has some limitations. First, the study was retrospective and 
non-randomized; therefore, it’s a matter of recall bias and incomplete 
documentation. The sample size was not large enough to derive any firm 
conclusions. Tumor types were diverse; thus, heterogeneity could be 
possible. Additionally, we could not compare the characteristics, treat
ment strategies, and outcomes of cancer patients against a control group 
of patients without cancer. Finally, prospectively designed studies with 
larger sample sizes are needed to investigate the risk factors and out
comes in cancer patients with COVID-19. 

Conclusion 

In summary, patients with cancer are susceptible to more severe 
disease course and increased mortality of COVID-19 infection compared 
to the general population. In addition to generally known risk factors, 
the high mortality rate in cancer patients with COVID-19 disease is 
associated with cancer-specific factors such as stage and performance 
score. This study emphasizes the urgent need for more data, especially in 

Table 1 
Baseline characteristics of cancer patients with COVID-19.  

Characteristics Overalln 
¼ 68 

Survivorsn 
¼ 43 

Non- 
survivorsn 
¼ 25 

p-value 

Age at diagnosis    0.001 
Median 72 

(23–91) 
67 (23–88) 77 (56–91)  

< 75 40 (58.8) 32 (74.4) 8 (32.0)  
≥ 75 28 (41.2) 11 (25.6) 17 (68.0)  
Gender    0.086 
Male 37 (54.4) 20 (46.5) 17 (68.0)  
Female 31 (45.6) 23 (53.5) 8 (32.0)  
Race/Ethnicity    0.54 
White 23 (33.8) 15 (34.9) 8 (32.0)  
Black 36 (52.9) 21 (48.8) 15 (60.0)  
Other 9 (13.2) 7 (16.3) 2 (8.0)  
Obesity status    0.52 
Normal 24 (35.3) 13 (30.2) 11 (44.0)  
Overweight (BMI 

25–29.9) 
25 (36.8) 17 (39.5) 8 (32.0)  

Obese (≥ 30) 19 (27.9) 13 (30.2) 6 (24.0)  
Comorbidity Score    0.004 
≤ 3 29 (42.6) 24 (55.8) 5 (20.0)  
> 3 39 (57.4) 19 (44.2) 20 (80.0)  
Smoking status    0.057 
Never smoked 44 (64.7) 32 (74.4) 12 (48.0)  
Former smoker 20 (29.4) 10 (23.3) 10 (40.0)  
Current smoker 4 (5.9) 1 (2.3) 3 (12.0)  
Type of malignancy    0.74 
Breast 15 (22.1) 12 (27.9) 3 (12.0)  
Prostate 12 (17.6) 8 (18.6) 4 (16.0)  
Lung 8 (11.8) 4 (9.3) 4 (16.0)  
Colon 7 (10.3) 5 (11.6) 2 (8.0)  
Renal 5 (7.4) 2 (4.7) 3 (12.0)  
CNS 4 (5.9) 3 (7.0) 1 (4.0)  
Melanoma 3 (4.4) 2 (4.7) 1 (4.0)  
Hematologic 8 (11.8) 4 (9.3) 4 (16.0)  
Others 6 (8.8) 3 (7.0) 3 (12.0)  
Insurance status    0.002 
Medicare Original 15 (22.1) 7 (16.3) 8 (32.0)  
Medicare MGD 33 (48.5) 17 (39.5) 16 (64.0)  
Others 20 (29.4) 19 (44.2) 1 (4.0)  
Self-pay/Charity 2 (2.9) 2 (4.7) 0 (0.0)  
Medicaid 4 (5.9) 3 (6.9) 1 (4.0)  
Commercial 8 (11.8) 8 (18.6) 0 (0.0)  
Managed care 6 (8.8) 6 (14.0) 0 (0.0)  
ECOG performance 

status    
<0.001 

0–2 35 (51.5) 35 (81.4) 0 (0.0)  
3 25 (36.8) 6 (14.0) 19 (76.0)  
4 8 (11.8) 2 (4.7) 6 (24.0)  
Anti-cancer therapy    0.097 
None in the 4 weeks 

before COVID-19 
diagnosis 

46 (67.6) 26 (60.5) 20 (80.0)  

Within 4 weeks before 
COVID-19 diagnosis 

22 (32.4) 17 (39.5) 5 (20.0)  

Systemic chemotherapy 13 (19.1) 9 (20.9) 4 (16.0)  
Radiotherapy 2 (2.9) 2 (4.7) 0 (0)  
Hormonotherapy 6 (8.8) 5 (11.6) 1 (4.0)  
Immunotherapy 1 (1.5) 1 (2.3) 0 (0)  
Treatment of COVID- 

19     
Remdesivir 16 (23.5) 13 (30.2) 3 (12.0) 0.087 
Conv plasma 15 (22.1) 11 (25.6) 4 (16.0) 0.35 
Toculizimab 3 (4.4) 2 (4.7) 1 (4.0) 0.90 
Dexamethasone 17 (25.0) 16 (37.2) 1 (4.0) 0.002 
Methylprednisolone 20 (29.4) 10 (23.3) 10 (40) 0.14 
Hydroxychloroquine 10 (14.7) 4 (9.3) 6 (24.0) 0.09 
Azithromycin 17 (25.0) 9 (20.9) 8 (32.0) 0.30 
Oxygen requirement    <0.001 
Room air or Up to 6 L 33 (48.5) 30 (69.8) 3 (12.0)  
High flow 20 (29.4) 10 (23.3) 10 (40.0)  
NIVM or MV 15 (22.1) 3 (7.0) 12 (40.0)  
Mechanic ventilation, 

days (median) 
5 (1–37) 5 (5–5) 3 (1–37) 0.48  

Table 1 (continued ) 

Characteristics Overalln 
¼ 68 

Survivorsn 
¼ 43 

Non- 
survivorsn 
¼ 25 

p-value 

Hospital stay, days 6.5 (1–57) 6 (1–48) 7 (1–57) 1.0 
Admission to ICU 5.5 (1–48) 7 (6–37) 3 (1–37) 0.62 
Stage    0.002 
I-II 43 (63.2) 33 (76.7) 10 (40.0)  
III-IV 25 (36.8) 10 (23.3) 15 (60.0)   
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terms of developing anti-cancer treatment strategies. 
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