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Abstract

Original Article

Background: Patients with cancer are a high‑risk population in the coronavirus disease 2019  (COVID‑19) pandemic. We analyzed the 
characteristics and risk factors for mortality in hospitalized patients with cancer and laboratory‑confirmed severe acute respiratory syndrome 
coronavirus 2  (SARS‑CoV‑2) infection during the Omicron wave. Materials and Methods: We conducted a retrospective, single‑center, 
cohort study of 206 patients with cancer and SARS‑CoV‑2 infection in southern Taiwan. Clinical characteristics, laboratory data, and cancer 
characteristics were compared between survivors and nonsurvivors. Risk factors for mortality were identified by univariable and multivariable 
logistic regression models. Results: The median patient age was 69.5 years. Male preponderance was noted (65%). Comorbidities were present 
in 186 (90%) cases. A total of 113 (54%) patients had active cancer. Metastatic disease accounted for 78 (38%) cases, of whom 19 (9%) had 
lung metastasis. Sixty‑four (31%) patients had active and progressing cancer status. The overall inhospital mortality rate was 17.4%. Univariate 
logistic regression revealed the following factors to be significantly associated with a higher risk of inhospital mortality among the patients with 
cancer and COVID‑19: nosocomial COVID‑19 infection (P = 0.037), lung metastasis (P = 0.005), received anticancer therapy in the preceding 
3 months (P = 0.083), active and progressing cancer (P = 0.008), and quick Sequential Organ Function Assessment (qSOFA) score ≥2 (P < 0.001). 
However, only nosocomial infection (P = 0.021) and qSOFA score ≥2 (P < 0.001) were independent predictors of inhospital mortality in the 
multivariate logistic regression analysis. Conclusion: Cancer patients are a population vulnerable to the Omicron variant with higher mortality 
rate, especially those with nosocomial COVID‑19 infection and those with a qSOFA score of ≥2 immediately after confirmation of COVID‑19 
infection. Thus, the rapid recognition of high‑risk groups and nosocomial infection control are critical to prevent COVID‑19 in patients with cancer.
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Introduction

In late 2019, a novel beta‑coronavirus known as severe acute 
respiratory syndrome coronavirus 2 (SARS‑CoV‑2) was first 
reported in Wuhan, China. This virus had high transmission 
and mutation rates and led to multiple outbreaks worldwide, 
eventually resulting in a pandemic. At the time of writing, more 
than 750 million cases and more than 6.5 million deaths due to 
coronavirus disease 2019 (COVID‑19) have been reported.[1]

Patients with cancer are particularly vulnerable to COVID‑19 
because their immune systems may be fragile owing to either 
the cancer itself or anticancer treatment. Moreover, such 
patients may have other risk factors – such as advanced age, 
multiple comorbidities, smoking history, or obesity – any of 
which might increase the severity of COVID‑19.[2] However, 
discrepancies in risk factor prediction have been reported 
for severe COVID‑19‑related outcomes in patients with 
cancer.[3‑6]

Owing to appropriate border controls, mandatory quarantine, 
and epidemic prevention measures, Taiwan did not face a 
community‑level outbreak of COVID‑19 until May 2021 that 
outbreak then continued through 2022. On April 8, 2022, the 
Taiwanese government replaced its zero COVID‑19 policy 
with the “new Taiwanese model.” Till January 2023, Taiwan 
had 9 million confirmed cases of COVID‑19 and as many as 
15,000 deaths,[7] with the dominant strain being the Omicron 
variant.[8] The Omicron variant has high transmissibility but 
causes a milder disease than the other variants. However, the 
true pathogenicity of COVID‑19 in patients with cancer remains 
questionable,[9] and few studies have investigated this issue.

This retrospective study is the first conducted in Taiwan to 
analyze the characteristics and risk factors for mortality in 
hospitalized patients with cancer and laboratory‑confirmed 
SARS‑CoV‑2 infection during the Omicron wave.

Materials and Methods

Study design and participants
In this single‑center, retrospective cohort study, we enrolled 
patients with solid or hematologic cancer and SARS‑CoV‑2 
infection who were hospitalized in a medical center in 
Taiwan between January 1 and September 30, 2022. Based 
on a preprint study,[8] the dominant variants of SARS‑CoV‑2 
infection were BA.1 and BA.2.3.7 during this period.

SARS‑CoV‑2 was identified based on positive real‑time 
fluorescence reverse transcription‑polymerase chain 
reaction (RT‑PCR) tests from nasal or pharyngeal specimens 
obtained from patients suspected of having COVID‑19 in an 
emergency department or on a ward. The institutional review 
board of hospital approved this study (Number: 11111-007, 
date: 2022-10-13). Informed consent was waived by the IRB.

Data collection and outcomes
The patients’ clinical characteristics, oncological conditions, 
laboratory data, vaccine status, and clinical outcomes were 

obtained from the hospital’s electronic medical records. At 
the emergency department, the laboratory data were obtained 
if clinically indicated. At the ward, the laboratory data were 
obtained after COVID‑19 infection was confirmed. The quick 
Sequential Organ Function Assessment (qSOFA) score was 
calculated immediately after confirmation of the COVID‑19 
infection. These characteristics were compared between 
survivors and nonsurvivors.

The primary outcome was the inhospital mortality rate, and the 
secondary outcomes were risk factors for mortality in patients 
with cancer and COVID‑19.

Definitions
We defined “full vaccination” status as having received at 
least two doses of vaccines approved by Taiwan’s National 
Health Insurance Administration. Nosocomial COVID‑19 
infection was defined as an RT‑PCR diagnosis made >7 days 
after admission or emergency department arrival based 
on the National Health Service National Service Scotland 
and Public Health Scotland  (UK).[10] The qSOFA scoring 
system was used to identify patients outside intensive care 
units with suspected infection who were at a high risk 
of inhospital mortality; according to this model, 1 point 
each was assigned to a Glasgow Coma Scale score of ≤13, 
systolic blood pressure of ≤100 mmHg, and respiratory rate 
of ≥22/min (total score: 0–3).[11] The severity of COVID‑19 
infection was categorized into mild, moderate, severe, and 
critical disease based on the COVID‑19 Treatment Guidelines 
of NIH.[12]

Statistical analysis
IBM Corp. Released 2019. IBM SPSS Statistics for Windows, 
Version 26.0. Armonk, NY: IBM Corp  was used for all 
statistical analyses. Continuous variables were evaluated 
using the Kolmogorov–Smirnov test of normality and are 
presented as median values (interquartile ranges). Categorical 
variables are presented as percentages or absolute values. 
The Mann-Whitney U-test and Chi‑squared test were used 
for between‑group comparisons. A logistic regression model 
was built to explore the potential risk factors for inhospital 
mortality among patients with cancer and COVID‑19. 
Variables with P < 0.1 in the univariate analysis were included 
in the multivariate analysis, and P < 0.05 was set as statistically 
significant. Laboratory data were not chosen for the logistic 
regression model because such data are easily influenced by 
multiple factors. All tests were two‑sided with <5% Type I 
error. Between‑group differences were considered significant 
at P < 0.05.

Results

Clinical characteristics and mortality
We enrolled 206  patients with cancer who had a positive 
RT‑PCR test for SARS‑CoV‑2. The most recently hospitalized 
patient was discharged on December 5, 2022. The enrolled 
patients’ clinical demographic features are summarized in 
Table 1.
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The median patient age was 69.5 years (range: 60–79.25 years), 
and male preponderance was noted  (65%). Of the patients, 
25.5% and 8.8% were former and current smokers, respectively. 
Moreover, 186 (90%) patients had at least one comorbidity, 
with the most common being cardiovascular disease  (37%; 
including coronary artery disease, hypertension, and heart 
failure) and type 2 diabetes mellitus (27%).

Of the patients, 20% had hospital‑acquired infection, and 
80% had community‑acquired infection. In addition, 53.4% 
were not fully vaccinated, and 46.6% were fully vaccinated or 
had also received a booster dose. The severity of COVID‑19 
was mild in 41% of the patients, moderate in 35%, severe 
in 17%, and critical in 7%. The qSOFA scores immediately 
after diagnosis were ≤1 in 86.4% of the patients and ≥2 in 
the remaining 13.6%. The median length of hospital stay 
was 13  days  (interquartile range: 8–23  days). Thirty‑six 
patients died during the follow‑up period  (nonsurvivors), 
and the overall inhospital mortality rate was 17.4%. Figure 1 
shows the proportion of disease severity based on qSOFA 
score and COVID‑19 clinical severity index between 

those with hospital‑acquired infection and those with 
community‑acquired infection.

Compared with the survivors, the nonsurvivors were older and 
had a higher prevalence of nosocomial COVID‑19 infection, 
more severe COVID‑19, a higher qSOFA score, and a longer 
length of hospital stay. Of these factors, nosocomial COVID‑19 
infection  (P  =  0.034) and qSOFA score  (P  <  0.001) were 
significantly different. However, no significant differences 
were observed in age, sex distribution, or comorbidities.

Oncological characteristics
Information regarding the oncological status of the patients is 
summarized in Table 2. The type of cancer was solid tumor 
in 96% of the patients and hematological malignancy in 4%. 
Colorectal cancer was the most frequent type (13%), followed 
by lung cancer (12%) and then head‑and‑neck cancer (10%). 
Seventy‑eight patients (36%) had stage IV cancer, and 19 (9%) 
had lung metastasis. A total of 113 (54%) patients had active 
cancer, and 93 (45%) had received anticancer therapy in the 
preceding 3 months; the most common treatment type was 
chemotherapy (25%).

Figure 1: Proportion of disease severity based on different parameters between hospital‑acquired infection and community‑acquired infections (a) 
quick Sequential Organ Function Assessment score (b) coronavirus disease 2019 clinical severity index

b
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Compared with the survivors, the nonsurvivors had a 
higher prevalence of lung metastasis, progressive disease, 
and anticancer treatment in the preceding 3  months. Lung 
metastasis (P = 0.003) and progressive disease (P = 0.007) 
were significantly different between the two groups; however, 
no significant effect on mortality was noted in the patients who 
had received anticancer therapy in the preceding 3 months.

Laboratory characteristics
As shown in Table  3, there were significant differences 
between the nonsurvivors and survivors in many laboratory 
characteristics, including a lower lymphocyte count, lower 
lymphocyte‑to‑C‑reactive protein (CRP) ratio, higher lactate 
dehydrogenase level, higher CRP level, higher D‑dimer level, 
higher ferritin level, higher procalcitonin level, and lower 
albumin level (all P < 0.05).

Logistic regression analysis
The results of logistic regression analysis for mortality are 
shown in Table  4. Univariate logistic regression revealed 
that the following factors were significantly associated with 
a higher risk of inhospital mortality among the patients 
with cancer and COVID‑19: nosocomial COVID‑19 

infection (P = 0.037), lung metastasis (P = 0.005), received 
anticancer therapy in the preceding 3 months  (P = 0.083), 
active and progressing cancer  (P  =  0.008), and qSOFA 
score ≥2 (P < 0.001). However, only nosocomial COVID‑19 
infection  (P  =  0.021) and qSOFA score  ≥2  (P  <  0.001) 
were independent predictors of inhospital mortality in the 
multivariate logistic regression analysis.

With changes in the mainstream strains of SARS‑CoV‑2, the 
Omicron variant has been found to have a shorter incubation 
period,[13] potentially rendering the old definition of nosocomial 
infection outdated. However, our results showed that 
nosocomial COVID‑19 infection, with a changed definition 
of an RT‑PCR diagnosis made  >5  days after admission or 
emergency department arrival, remained a strong predictor 
factor for inpatient mortality [Supplementary Table 1].

Discussion

This study is the first conducted in Taiwan to focus on patients 
with both cancer and COVID‑19 during the Omicron variant 
wave in 2022. Our findings indicated an overall inhospital 
mortality rate of 17.4%.

Table 1: Clinical characteristics of 206 hospitalized patients with cancer and COVID‑19 infection

All (n=206), n (%) Survivor (n=170), n (%) Nonsurvivor (n=36), n (%) P
Age 69.5 (60–79.25) 69 (60–80) 74 (60.25–79) 0.165
Sex

Female 72 (35) 60 (35.3) 12 (33.3) 0.823
Male 134 (65) 110 (64.7) 24 (66.7)

Smoking
Never smoked 134 (65.7) 110 (65.5) 24 (66.7) 0.732
Current smoker 18 (8.8) 16 (9.5) 2 (5.6)
Former 52 (25.5) 42 (25) 10 (27.8)

BMI 21.99 (19.87–24.97) 22.05 (19.87–24.97) 21.45 (19.7–24.28) 0.539
Source of COVID‑19 infection

Nosocomial transmission 42 (20) 30 (17.6) 12 (33.3) 0.034
Community infection 164 (80) 140 (82.4) 24 (66.7)

Comorbidity
Cardiovascular disease 95 (46) 79 (46) 16 (44) 0.825
Chronic lung disease 23 (11) 17 (10) 6 (17) 0.249
Diabetes 68 (33) 59 (35) 9 (25) 0.261
Cerebrovascular disease 36 (18) 29 (17) 7 (19) 0.732
Chronic kidney disease 32 (16) 24 (14) 8 (22) 0.223

Vaccine dose
≤1 (not fully vaccinated) 110 (53.4) 86 (50.6) 24 (66.7) 0.079
≥2 (fully vaccinated or booster) 96 (46.6) 84 (49.4) 12 (33.3)

COVID severity
Mild 84 (41) 79 (47) 5 (14)
Moderate 72 (35) 60 (35) 12 (33)
Severe 35 (17) 26 (15) 9 (25)
Critical 15 (7) 5 (3) 10 (28)

The qSOFA score
≤1 178 (86.4) 155 (91.2) 23 (63.9) <0.001
≥2 28 (13.6) 15 (8.8) 13 (36.1)

Length of stay 13 (8–23) 11 (7–21) 22 (8–32)
qSOFA: Quick Sequential Organ Function Assessment, BMI: Body mass index
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During the study period, 1543  patients were admitted to a 
COVID‑19 ward, of whom 156 died. The overall inhospital 
mortality rate of patients without cancer caused by COVID‑19 
was 9% (120/1337), which is lower than that of our cohort. 
This outcome may have resulted from an impaired immune 
system due to the cancer itself (e.g., bone marrow invasion) or 
anticancer treatment (chemotherapy or target therapy). These 
findings are consistent with those of previous studies.[14‑16] 
Dai et al. conducted a multicenter study including 105 patients 
with both COVID‑19 and cancer and 536 age‑matched patients 
with COVID‑19 but not cancer. Multivariate logistic regression 
revealed that compared with those without cancer, the patients 
with cancer had an odds ratio of 2.17 for death.[14] A single‑center 

study by Liang et al. reported inhospital mortality rates of 21.1% 
in patients with cancer and COVID‑19 and 7.7% in those 
without cancer.[15] In addition, Abuhelwa et al. reported an 11% 
inhospital mortality rate in COVID‑19‑infected patients without 
cancer compared to 17.58% in those with cancer.

In our study, multivariate logistic regression analysis revealed 
that nosocomial COVID‑19 infection and a qSOFA score of ≥2 
were independent risk factors for inhospital mortality. Few 
studies have focused on the predictors of mortality during the 
Omicron wave among inpatients with cancer.

In our cohort, 42 patients (20%) had nosocomial COVID‑19 
transmission, which was an independent risk factor, and the 

Table 2: Oncological characteristics of 206 hospitalized patients with cancer and COVID‑19 infection

All (n=207)*, n (%) Survivor (n=170), n (%) Nonsurvivor (n=37), n (%) P
Cancer type

Solid tumor 198 (96) 164 (96) 34 (92)
Colorectal 26 (13) 22 (13) 4 (11)
Lung 25 (12) 22 (13) 3 (8)
Head and neck 21 (10) 18 (11) 3 (8)
TCC 19 (9) 13 (8) 6 (16)
Prostate 17 (8) 14 (8) 3 (8)
HCC 17 (8) 13 (8) 4 (11)
Breast 11 (5) 9 (5) 2 (5)
Biliary 7 (3) 5 (3) 2 (5)
GYN 7 (3) 5 (3) 2 (5)

Hematological malignancy 9 (4) 6 (4) 3 (8)
Lymphoma 7 (3) 5 (3) 2 (5)
Leukemia 2 (1) 1 (1) 1 (3)

Tumor stage
Curative (stage I–III) 106 (52) 91 (54) 15 (42) 0.196
Noncurative (stage IV) 78 (38) 61 (36) 17 (47) 0.203
Unsuitable for stage or missing 22 (11) 18 (11) 4 (11)

With lung metastasis 19 (9) 11 (6) 8 (22) 0.003
Cancer status

Remission 80 (39) 69 (41) 11 (31)

0.007

Active and respond 24 (12) 19 (11) 5 (14)
Active and stable 25 (12) 24 (14) 1 (3)
Active and progressing 64 (31) 46 (27) 18 (50)
Unknown 13 (6) 12 (7) 1 (3)

Timing of anticancer treatment
Never treat 15 (7) 13 (8) 2 (6)
<3 months 93 (45) 72 (42) 21 (58) 0.08
>3 months 87 (42) 76 (45) 11 (31) 0.118
Unknown 11 (5) 9 (5) 2 (6)

Recent cancer treatment type
None 99 (48) 85 (50) 14 (39)
Chemotherapy 52 (25) 40 (24) 12 (33) 0.219
Immunotherapy 1 (0) 1 (0) 0
Target therapy 25 (12) 19 (11) 6 (17)
Endocrine therapy 11 (5) 9 (5) 2 (6)
Locoregional therapy 3 (1) 2 (1) 1 (3)
Others 18 (9) 14 (8) 3 (8)
Unknown 6 (3) 7 (4) 0

*One patient with double cancer of 206 hospitalized patients with cancer and COVID‑19 infection

D
ow

nloaded from
 http://journals.lw

w
.com

/jcrp by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 12/27/2023



Chen, et al.: Journal of Cancer Research and Practice (2023)

139Journal of Cancer Research and Practice  ¦  Volume 10  ¦  Issue 4  ¦  October-December 2023

case fatality rate was 29%  (12  patients). Biernat et  al.[17] 
reported a case fatality rate of 36.8% in a hematological unit 
in Poland. In a Canadian hospital database study, Elkrief 
et al. reported a mortality rate of 47% among patients with 
both cancer and hospital‑acquired COVID‑19 infection.[18] 
A Japanese study conducted by Itoh et  al.[19] reported that 
an inhospital Omicron outbreak in a head‑and‑neck cancer 
ward led to 6 and 3 of 14 nosocomial COVID‑19‑infected 
patients developing moderate and severe illness, respectively. 
Because patients with cancer require frequent admissions for 
anticancer treatment or cancer‑related complications, they may 
be more vulnerable to nosocomial COVID‑19 infection and 
develop a more severe form of the disease. Moreover, they 
may become spreaders because of long incubation and viral 
shedding times.[19] These results highlight the importance of 
strict measures to prevent nosocomial COVID‑19 infection in 
susceptible patients with cancer.

The SOFA scoring system is used extensively because of its 
high predictive value for mortality in patients with sepsis.[11] 
However, it requires laboratory measurements, which may 
delay the diagnosis. Therefore, a simplified method, namely 
the qSOFA, was developed; the qSOFA includes only altered 
mentation, hypotension, and tachypnea to assist physicians in 
identifying patients at risk.[20] The multivariate analysis in our 
study revealed that a qSOFA score of ≥2 was an independent 

risk factor for mortality in patients with both cancer and 
COVID‑19. These results are comparable with those of 
previous studies.[21] Because of the limited availability of 
medical equipment and beds during the pandemic, the qSOFA 
score can help clinicians distinguish people with milder forms 
of illness from those with more critical forms and thus facilitate 
medical resource allocation.

Unlike the results of previous studies[4,22,23] involving inpatients 
with both cancer and COVID‑19 during the first wave, our data 
indicated no significant associations with inhospital mortality 
among older patients (>65 years), those with recent anticancer 
therapy exposure, male sex, cancer status, and comorbidities. 
These results may be multifactorial, as the average age of our 
group was higher than that in the previous wave and older 
adults are believed to have more comorbidities. Moreover, 
nearly half of the inpatients in our cohort were fully vaccinated, 
and some had even received a booster dose. Although the 
efficacy of COVID‑19 vaccines against the Omicron variant 
in patients with cancer remains uncertain and was not an 
independent protective factor in our study, vaccines were 
shown to play a vital role against morbidity and mortality due 
to COVID‑19 in patients with cancer in OnCovid study during 
the Omicron B.1.1.529 variant outbreak.[24]

This study has some limitations. First, this was a single‑center 
study with a small sample size; thus, it may have been influenced 

Table 3: Laboratory characteristics

All (n=206), n (%) Survivor (n=170), n (%) Nonsurvivor (n=36), n (%) P
Lymphocyte count 739.7 (488–1209) 766.6 (525–1245) 564.5 (325–1010) 0.024
NLR 6.42 (3.42–12.46) 6.19 (3.39–12.51) 7.99 (3.17–12.55) 0.05
LCR 24.21 (8.04–71.95) 29.47 (9.33–76.43) 9.65 (3.68–37.68) <0.001
LDH (U/L) 233 (197–302) 224 (194–290) 314 (257–569) <0.001
ESR (mm/h) 39 (18–59) 37 (19–59) 44 (12.5–60.5) 0.689
CRP (mg/L) 32.2 (11–85) 27.55 (10–73.6) 72.6 (34.05–161.65) 0.002
D‑dimer (ng/mL) 1504.3 (683.5–3906.2) 1392.25 (641.2–3397.5) 4977 (1913.45–11,661.1) <0.001
Creatine kinase (U/L) 69 (40–149) 68.5 (41.75–150) 69 (33–148) 0.762
Procalcitonin (ng/mL) 0.14 (0.05–0.61) 0.11 (0.05–0.43) 0.84 (0.17–2.14) <0.001
Ferritin 473.8 (220.4–1150.7) 370.48 (169.31–843.34) 1663.35 (870.02–4210.09) <0.001
Albumin 3.3 (2.9–3.7) 3.4 (3.0–3.7) 2.6 (2.4–3.2) <0.001
CRP: C‑reactive protein, NLR: Neutrophil‑to‑lymphocyte ratio, LCR: Lymphocyte‑to‑CRP ratio, LDH: Lactate dehydrogenase, ESR: Erythrocyte 
sedimentation rate

Table 4: Logistic regression of patients’ clinical and oncologic characteristics

Patient characteristics Univariate Multivariate

OR (95% CI) P OR (95% CI) P
Age >65 1.372 (0.633–2.976) 0.423 1.36 (0.524–3.529) 0.528
Sex, male 0.917 (0.428–1.962) 0.823 0.636 (0.259–1.564) 0.324
Nosocomial COVID‑19 infection 2.333 (1.051–5.179) 0.037 3.104 (1.187–8.118) 0.021
With lung metastasis 4.13 (1.526–11.174) 0.005 3.111 (0.928–10.426) 0.066
Anticancer treatment <3 m 1.906 (0.919–3.951) 0.083 2.389 (0.939–6.075) 0.067
Active and progressing cancer status 2.696 (1.292–5.626) 0.008 1.499 (0.598–3.757) 0.388
qSOFA ≥2 5.841 (2.466–13.833) <0.001 11.733 (3.877–35.511) <0.001
Vaccine complete injection 0.512 (0.241–1.090) 0.082 0.428 (0.179–1.023) 0.056
qSOFA: Quick Sequential Organ Function Assessment, OR: Odds ratio, CI: Confidence interval
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by selection bias. Second, some laboratory measurements were 
lacking, precluding further analysis. Finally, some patients had 
a do‑not‑resuscitate or do‑not‑intubate order, which may have 
led to the overestimation of inhospital mortality.

Conclusion

The Omicron variant of COVID‑19 was found to cause a 
relatively mild form of the disease, possibly because of the 
COVID‑19 mRNA vaccine, decreased pathogenicity, or 
antiviral agent use. Cancer patients are a population vulnerable 
to the Omicron variant with a higher risk of mortality, 
especially those with nosocomial infection and those with 
a qSOFA score of  ≥2 immediately after confirmation of 
COVID‑19 infection. Thus, the rapid recognition of high‑risk 
groups and nosocomial COVID‑19 infection control is critical 
to prevent COVID‑19 in patients with cancer and to decrease 
their morbidity and mortality.

Acknowledgment
This manuscript was edited by Wallace Academic Editing.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 WHO Coronavirus  (COVID‑19) Dashboard. Available from: https://

covid19.who.int/.
2.	 Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et  al. Clinical course and 

risk factors for mortality of adult inpatients with COVID‑19 in Wuhan, 
China: A retrospective cohort study. Lancet 2020;395:1054‑62.

3.	 Basse  C, Diakite  S, Servois  V, Frelaut  M, Noret  A, Bellesoeur  A, 
et al. Characteristics and outcome of SARS‑CoV‑2 infection in cancer 
patients. JNCI Cancer Spectr 2021;5:pkaa090.

4.	 de Melo AC, Thuler LC, da Silva JL, de Albuquerque LZ, Pecego AC, 
Rodrigues LOR, et al. Cancer inpatients with COVID‑19: A report from 
the Brazilian national cancer institute. PLoS One 2020;15:e0241261.

5.	 Ferrari BL, Ferreira CG, Menezes M, De Marchi P, Canedo J, Melo AC, 
et al. Determinants of COVID‑19 mortality in patients with cancer from a 
community oncology practice in Brazil. JCO Glob Oncol 2021;7:46‑55.

6.	 Mehta A, Vasudevan  S, Parkash A, Sharma A, Vashist  T, Krishna  V. 
COVID‑19 mortality in cancer patients: A report from a tertiary cancer 
Centre in India. PeerJ 2021;9:e10599.

7.	 NCHC COVID‑19 Global Pandemic Map. Available from: https://
covid-19.nchc.org.tw/.

8.	 Shao PL, Tu HC, Gong YN, Shu HY, Kirby R, Hsu LY, et al. Emergence 
and persistent dominance of Omicron BA.2.3.7 variant in community 

outbreaks in Taiwan. Emerg Infect Dis 2023;29:792-6.
9.	 Sigal A. Milder disease with Omicron: Is it the virus or the pre‑existing 

immunity? Nat Rev Immunol 2022;22:69‑71.
10.	 Abbas M, Zhu NJ, Mookerjee S, Bolt F, Otter JA, Holmes AH, et al. 

Hospital‑onset COVID‑19 infection surveillance systems: A systematic 
review. J Hosp Infect 2021;115:44‑50.

11.	 Seymour  CW, Liu  VX, Iwashyna  TJ, Brunkhorst  FM, Rea  TD, 
Scherag A, et al. Assessment of clinical criteria for sepsis: For the third 
international consensus definitions for sepsis and septic shock (sepsis‑3). 
JAMA 2016;315:762‑74.

12.	 Clinical Spectrum of SARS‑CoV‑2 Infection. Available from: https://
www.covid19treatmentguidelines.nih.gov/overview/clinical-spectrum/.

13.	 Zeng K, Santhya S, Soong A, Malhotra N, Pushparajah D, Thoon KC, 
et al. Serial intervals and incubation periods of SARS‑CoV‑2 Omicron 
and delta variants, Singapore. Emerg Infect Dis 2023;29:814‑7.

14.	 Dai M, Liu D, Liu M, Zhou F, Li G, Chen Z, et al. Patients with cancer 
appear more vulnerable to SARS‑CoV‑2: A multicenter study during the 
COVID‑19 outbreak. Cancer Discov 2020;10:783‑91.

15.	 Liang J, Jin G, Liu T, Wen J, Li G, Chen L, et al. Clinical characteristics 
and risk factors for mortality in cancer patients with COVID‑19. Front 
Med 2021;15:264‑74.

16.	 Abuhelwa  Z, Alsughayer  A, Abuhelwa  AY, Beran  A, Sayeh  W, 
Khokher  W, et  al. In‑hospital mortality and morbidity in cancer 
patients with COVID‑19: A nationwide analysis from the United States. 
Cancers (Basel) 2022;15:222.

17.	 Biernat  MM, Zińczuk A, Biernat  P, Bogucka‑Fedorczuk  A, 
Kwiatkowski  J, Kalicińska E, et  al. Nosocomial outbreak of 
SARS‑CoV‑2 infection in a haematological unit  –  High mortality 
rate in infected patients with haematologic malignancies. J Clin Virol 
2020;130:104574.

18.	 Elkrief A, Desilets A, Papneja N, Cvetkovic L, Groleau C, Lakehal YA, 
et al. High mortality among hospital‑acquired COVID‑19 infection in 
patients with cancer: A  multicentre observational cohort study. Eur J 
Cancer 2020;139:181‑7.

19.	 Itoh N, Akazawa N, Ishikane M, Kawabata T, Kawamura D, Chikusa T, 
et al. Lessons learned from an outbreak of COVID‑19 in the head and 
neck surgery ward of a Japanese cancer center during the sixth wave by 
Omicron. J Infect Chemother 2022;28:1610‑5.

20.	 Marik PE, Taeb AM. SIRS, qSOFA and new sepsis definition. J Thorac 
Dis 2017;9:943‑5.

21.	 Liu S, Yao N, Qiu Y, He C. Predictive performance of SOFA and qSOFA 
for in‑hospital mortality in severe novel coronavirus disease. Am J 
Emerg Med 2020;38:2074‑80.

22.	 Yang K, Sheng Y, Huang C, Jin Y, Xiong N, Jiang K, et  al. Clinical 
characteristics, outcomes, and risk factors for mortality in patients with 
cancer and COVID‑19 in Hubei, China: A  multicentre, retrospective, 
cohort study. Lancet Oncol 2020;21:904‑13.

23.	 Zhang  L, Zhu  F, Xie  L, Wang  C, Wang  J, Chen  R, et  al. Clinical 
characteristics of COVID‑19‑infected cancer patients: A  retrospective 
case study in three hospitals within Wuhan, China. Ann Oncol 
2020;31:894‑901.

24.	 Pinato  DJ, Aguilar‑Company  J, Ferrante  D, Hanbury  G, Bower  M, 
Salazar  R, et  al. Outcomes of the SARS‑CoV‑2 omicron  (B.1.1.529) 
variant outbreak among vaccinated and unvaccinated patients with 
cancer in Europe: Results from the retrospective, multicentre, OnCovid 
registry study. Lancet Oncol 2022;23:865‑75.

D
ow

nloaded from
 http://journals.lw

w
.com

/jcrp by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 12/27/2023



Supplementary Table  1: Logistic regression of patients’ clinical characteristics (With a changed definition of an RT‑PCR 
diagnosis made >5 days after admission or emergency department arrival)

Nosocomial COVID‑19 infection (>5 days) Survivor (n=170), n (%) Nonsurvivor (n=36), n (%) P
Yes 37 (22) 14 (39) 0.031
No 133 (78) 22 (61)

Patient characteristics Univariate Multivariate

OR (95% CI) P OR (95% CI) P
Nosocomial COVID‑19 infection (>5 days) 2.28 0.033 3.38 0.012
OR: Odds ratio, CI: Confidence interval
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