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Abstract

Introduction: Cancer patients were more likely to be affected by the coronavirus disease 2019 (COVID-19) pandemic. Therefore, we analyzed
the clinical characteristics and outcomes in cancer patients who were infected with COVID-19 to determine if they were more vulnerable to
COVID-19 than non-cancer patients.

Methodology: This retrospective study involved 150 cancer patients and 300 non-cancer patients with a laboratory-confirmed diagnosis of
COVID-19 at the Cancer Hospital of the Chinese Academy of Medical Sciences, at the end of 2022. Multivariable analysis was carried out on
the factors associated with COVID-19 severity in cancer patients.

Results: Compared to the non-cancer group, the cancer group saw a notably higher number of hospitalizations and fatalities. Multivariate
analysis showed that COVID-19 severity was correlated with male gender (OR: 5.60, 95% CI, 1.89-16.57), and recovery duration was longer
than 10 days (OR: 3.19, 95% CI, 1.09-9.32) in the cancer group. However, the severity of COVID-19 was not made worse by the administration
of systemic anticancer treatments prior to the outbreak.

Conclusions: During the COVID-19 Omicron epidemic, there seemed to be some association between various antitumor therapies, treatment
intervals, and COVID-19 severity. The findings of this study can potentially help allay cancer patients' fears regarding COVID-19 infection
and enable them to continue with crucial therapeutic processes for the treatment of cancer.
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Introduction

The coronavirus disease 2019 (COVID-19) was
first identified in Wuhan, China, in December 2019 and
was caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) [1,2]. Four months later,
the World Health Organization (WHO) announced that
the COVID-19 outbreak had reached a pandemic status,
considering its rapid spread to several regions
worldwide [3]. On January 30, 2023, three years after it
was first identified, WHO declared COVID-19 a public
health emergency of international concern (PHEIC).
Even now, COVID-19 continues to have an effect
people around the world [4].

Since  SARS-CoV-2 first appeared, the virus
underwent a number of modifications that have resulted
in the production of many mutant strains, including
variants Alpha, Beta, Gamma, and Delta [5]. On
November 25, 2021, about 23 months after the first case

of COVID-19 was reported, a new SARS-CoV-2
variant of concern (VoC), Omicron, was discovered in
South Africa [6]. Omicron differs from earlier strains in
that it spreads more quickly, presents atypical
symptoms, and, in some cases, causes no symptoms at
all [7-9]. In December 2022, China ended the COVID-
19 lockdown and implemented an open policy for
COVID-19 prevention and control. This was during the
Omicron outbreak and, which led to a notable rise in the
number of COVID-19-positive patients.

Cancer patients are immunocompromised due to
their disease, as well as due to their treatment
procedures. On one hand, a considerable proportion of
patients with tumors are in a state of
immunosuppression or immune insufficiency [10]. On
the other hand, the majority of antitumor therapies, such
as radiotherapy, chemotherapy, immunotherapy, and
targeted therapy, significantly affect the immune
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system [11]. The duration of the antineoplastic therapy
could be a long cycle, lasting several months, or even
years. Cancer patients are at high risk for not only
COVID-19 infection, but also for poor prognosis [12-
14]. Hence, modifications in the clinical profile of
COVID-19 tumor patients warrant consideration.
Previous research has reported on the clinical impact of
COVID-19 on cancer patients [15-17]. However, the
Omicron variant has been the subject of very few
investigations. Under these circumstances, patients
with cancer who were infected with COVID-19 during
the Omicron wave were monitored. COVID-19 data
from the non-cancer population was collected
concurrently for comparison. Clinical symptoms,
recovery, and prognosis following COVID-19
infection, along with cancer characteristics and
previous antitumor therapeutic methods, were all
analyzed in our study. Identification of the pertinent
risk variables for severe performance in cancer patients
infected with COVID-19 may help guide clinical
practice.

Methodology
Study design and population

This retrospective observational study included
people who had a laboratory-confirmed diagnosis of
COVID-19 detected at the Cancer Hospital, Chinese
Academy of Medical Sciences (CAMS) in Beijing,
China, from November 1 to December 10 , 2022.

One hundred and fifty adult patients (> 18 years)
with a pathological diagnosis of malignant tumors who
visited the Cancer Hospital of CAMS, were included in
the cancer group. The control group matched 300 non-
cancer cases with positive results for SARS-CoV-2
detected contemporaneously in the Cancer Hospital.
Cancer patients admitted to the Cancer Hospital were
mainly diagnosed with solid tumors and lymphoma,
excluding hematological tumors (except lymphoma).
Patients who were curative or had undergone antitumor
treatments for more than five years were excluded.

The diagnosis of COVID-19 was based on
laboratory confirmation of SARS-CoV-2, which was
defined as positive results of a real-time reverse
transcriptase-polymerase chain reaction (RT-PCR)
assay on nasopharyngeal swabs. Patients who only
relied on radiological results or clinical symptoms to
diagnose COVID-19 without a positive real-time RT-
PCR result were excluded from this study.

Data collection
The following data were acquired and checked by
clinicians from the electronic medical record system:
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age, gender, smoking status, body mass index (BMI),
comorbidities, tumor location, pathological type,
clinical stage, antitumor therapies (chemotherapy,
targeted therapy, immunotherapy, radiation therapy,
and surgery) within one month before COVID-19, and
the time interval of antitumor treatments before
COVID-19 diagnosis.

The conditions after COVID-19 infection were
obtained by follow-up, including clinical symptoms
(fever, hypodynamia, cough, expectoration, ageusia or
anosmia, headache, general muscle soreness, chilliness,
chest tightness, chest pain, diarrhea, and emesia),
weight loss, recovery time, outpatient visits,
hospitalization, admission to the intensive care unit
(ICU), mechanical ventilation, and survival status at 30
and 90 days.

Relevant definitions

COVID-19 severity was defined based on
outpatient visits, hospitalization, ICU admission,
mechanical ventilation, or death within 90 days. Fever
was defined as axillary temperature > 37.0 °C. Surgery
for malignancy was defined as surgery for antitumor
treatment, including cytoreductive and radical
surgeries. A long recovery time was defined as the
persistence of clinical symptoms or positive antigens
for more than ten days after COVID-19 infection. The
time intervals of anti-tumor treatments before COVID-
19 diagnosis included never received treatment; and
treatment within one month, one to three months, and
exceeding three months.

Statistical analysis

Continuous variables were analyzed using
Student’s t-test or the Mann-Whitney U test for
independent samples. The Chi square test or Fisher’s
exact test was used to compare the categorical
variables. Variables were analyzed using multivariate
logistic regression to identify independent risk factors.
Odds ratios (ORs) and 95% confidence intervals (CI)
were estimated for each factor using a multivariate
regression. Differences were considered statistically
significant at a two-sided p<0.05. All the statistical
analyses were performed by IBM SPSS statistics
version 22.0 (IBM Corp., Armonk, NY, USA).

Results
Characteristics of the participants

A total of 150 cancer patients and 300 non-cancer
participants with positive SARS-CoV-2 results were
included in our study. The average age of the cancer
patients was 57.49 + 12.22 years (range: 24-77 years),
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while that of the non-cancer group was 55.82 + 10.58
years (range: 23-83 years) (Table 1). Males accounted
for 43.7% of the cancer patients, while 52.7% of the
non-cancer participants were males. The average BMI
of cancer patients was 23.27 + 3.63 kg/m?, and BMI for
non-cancer participants was 23.83 + 3.45 kg/m®. Thirty-
five (23.4%) patients with cancer had an underlying
comorbidity. Among them, 13 (8.7%) had two or more
comorbidities. Among the patients in the non-cancer
group, 20.0% had comorbidities, with only 3.7% having
more than one comorbidity. 37.3% of oncological
patients had a history of smoking or were current
smokers, while only 13.3% in the non-cancer group had
a history of smoking. The results are presented in Table
1.

After COVID-19 infection, 8% of the cancer
patients experienced outpatient or emergency visits,
which was slightly higher than the 4.3% of the non-
cancer group (Table 1). The number and proportion of
cancer patients hospitalized during COVID-19 were
higher than those in the non-cancer group (p<0.01). In
both groups, only one patient with tumors was treated
in the ICU. None of the participants, in either group,
required invasive mechanical ventilation. During the

Table 1. Basic characteristics of the participants.
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COVID-19 infection period, no statistical difference
was observed between the cancer and non-cancer
groups as the recovery time exceeded 10 days for both
groups. The proportion of patients with fever (=37.0 °C)
or high fever (>38.5 °C) was higher in the non-cancer
group. In terms of the symptoms of COVID-19,
hypodynamia, ageusia or anosmia, headache, general
muscle soreness, as well as chilliness were more
common in the non-cancer group (p<0.01) (Figure 1A).
Among the cancer patients, the mortality at 30 days was
1.3% (2/150), and mortality at 90 days was 2.7%
(4/150). In contrast, no deaths occurred within 90 days
in the non-cancer group.

Cancer characteristics

The characteristics of the 150 cancer patients who
were infected with COVID-19 were further analyzed
(Figure 2). Among the various tumor types, 55 (36.7%)
were gastrointestinal neoplasms, accounting for the
largest proportion (Figure 2A). Thoracic neoplasms
were the second most common (48 cases, 32.0%). As
far as specific cancer types were concerned, colorectal
cancer (25 cases) was the most common, followed by
lung cancer (24 cases) (Supplementary Table 1).

Characteristics Non-cancer n (%) Cancer n (%) p value
Gender Male 131 (43.7) 79 (52.7) 0.07
Age (years) Mean + SD 55.82+10.58 57.49 £12.22 0.14
BMI (kg/m?) Mean + SD 23.27+3.63 23.83+3.45 0.12

<18.5 18 (6.0) 10 (6.7) 0.42

18.5-24.9 196 (65.3) 87 (58.0)

25.0-29.9 71 (23.7) 46 (30.6)

>30.0 15 (5.0) 7(4.7)
Addicted to smoking Yes 40 (13.3) 56 (37.3) <0.01
Number of comorbidities 0 240 (80.0) 115 (76.7) 0.08

1 49 (16.3) 22 (14.7)

>2 11(3.7) 13 (8.7)
Medical consultations Outpatient or Emergency 13 (4.3) 12 (8.0) 0.59
Residential treatment Yes 2 (0.6) 40 (26.7) <0.01
ICU treatment Yes 0(0) 1(0.7) 0.33
Recovery course, days >10 120 (40.0) 53 (35.3) 0.34
Fever <37.0 32 (10.7) 30 (20.0) <0.01

37.0-38.5 121 (40.3) 89 (59.3)

>38.5 147 (49.0) 31(20.7)
Hypodynamia Yes 249 (83.0) 93 (62.0) <0.01
Cough Yes 255 (85.0) 121 (80.7) 0.24
Expectoration Yes 197 (65.7) 87 (58.0) 0.11
Ageusia or anosmia Yes 143 (47.7) 39 (26.0) <0.01
Headache Yes 186 (62.0) 38 (25.3) <0.01
General muscle soreness Yes 173 (57.7) 45 (30.0) <0.01
Chilliness Yes 164 (54.7) 31(20.7) <0.01
Chest tightness or chest pain ~ Yes 42 (14.0) 12 (8.0) 0.07
Diarrhoea Yes 69 (23.0) 23 (15.3) 0.06
Emesia Yes 25(8.3) 15 (10.0) 0.56
Mortality For 30 days 0(0) 2(1.3) 0.11

For 90 days 0(0) 4(2.7) 0.01

BMI, body mass index; COVID-19, coronavirus disease 2019; ICU: intensive care unit.
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From the perspective of pathological type, the
proportions of the different types were adenomatous,
carcinoma (Aden. Carc., 58.0%), squamous cell
carcinoma (Sq. cell Carc., 26.7%), others (6.0%),
neuroendocrine carcinoma (Neu. Carc., 4.0%),
urothelial carcinoma (Uro. Carc., 3.3%), and non-
Hodgkin lymphoma (Non-Hodgkin lym., 2.0%) (Figure
2B). In terms of clinical stage, the percentages were as
follows: stage 4 (36.0%); stage 3 (30.6%); stage 1
(20.7%), and stage 2 (12.7%) (Figure 2C).

Among the 150 cancer patients, the vast majority
(88.0%) had received antitumor therapy before the
COVID-19 infection, mostly within one month
(66.0%). In only 6% of the patients, the duration of
antitumor therapy exceeded 3 months prior to COVID-
19 infection (Figure 2D).

Classification of cancer patients by COVID-19 severity

Among the 150 cancer patients, those who had
experienced outpatient service, hospitalization, ICU
admission, mechanical ventilation, or eventually died
within 90 days after COVID-19 infection were
classified into the severe group, and the rest were in the
no complication group. Ultimately, 51 patients were

Figure 1. Clinical manifestations after COVID-19 infection.
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classified into the severe group, whereas the remaining
99 were classified into the no-complication group.
Differences between the two groups were revealed
after comparing multiple basic factors (gender, age,
BMI, smoking, and comorbidities), tumor-related
factors (metastasis, tumor type, pathological type,
various treatment schemes, and time intervals), and
post-COVID-19 status (fever, weight loss, and recovery
time exceeding 10 days) (Table 2). The proportion of
men in the severe events group was significantly higher
(p<0.01). Weight loss was more pronounced in the
severe group (p<0.05). Patients whose recovery time
exceeded 10 days were more frequent in the severe

group (p=0.01).

Patient outcome and risk factors associated with
COVID-19 severity

The clinical symptoms and manifestations of cancer
patients who were diagnosed with COVID-19 were
observed and categorized according to COVID-19
severity (Figure 1B). The proportion of patients with
hypodynamia and diarrhea was slightly higher in the
severe group. However, this difference was not
statistically significant. The other symptoms or clinical
features were generally similar and were not
statistically significant.

Figure 2. Cancer characteristics.
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Table 2. Clinical characteristics and therapy stratified by levels of COVID-19 severity among cancer patients.

Description No complications n (%) Severe events *n (%) p value
Gender (male) 43 (43.3) 36 (70.6) <0.001
Age (years) 56.89 £ 11.67 58.65 +13.25 0.41
BMI 23.65 +3.33 24.16 +3.69 0.40
Addicted to smoking 34 (34.3) 22 (43.1) 0.29
Number of comorbidities 0.23
0 79 (79.8) 36 (70.6)
1 11 (11.1) 11 (21.6)
>2 9(9.1) 4 (7.8)
Metastasis (clinical stage I'V) 35(35.4) 19 (37.3) 0.82
Pathological types 0.97
Aden. Carc. 57 (57.6) 30 (58.8)
Sq. cell Carc. 27 (27.3) 13 (25.5)
Others 15 (15.2) 8 (15.7)
Tumor types 0.25
Lung cancer 14 (14.1) 11 (21.6)
Others 85 (85.9) 40 (78.4)
Chemotherapy within 1 month 46 (46.5) 20 (39.2) 0.40
Targeted therapy within 1 month 14 (14.1) 7(13.7) 0.95
Immunotherapy within 1 month 15 (15.2) 4(7.8) 0.20
Radioactive therapy within 1 month 24 (24.2) 20 (39.2) 0.06
Surgical therapy or invasive manipulation within 1 month 36 (36.4) 22 (43.1) 0.42
Time interval from the last anti-tumor treatments to 0.18
COVID-19 diagnosis ’
Never received treatment 11(11.1) 6 (11.8)
Within 1 month 61 (61.6) 39 (76.5)
From 1 to 3 mouths 20 (20.2) 4(7.8)
Exceeding 3 months 7(7.1) 2(3.9)
Fever 77 (77.8) 43 (84.3) 0.34
Lose weight 32 (32.3) 26 (51.0) 0.02
Long recovery time® 28 (28.3) 25 (49.0) 0.01

BMI: body mass index; COVID-19: coronavirus disease 2019; ICU: intensive care unit; Aden. Carc.: Adenomatous carcinoma; Sq. cell Carc.: Squamous cell
carcinoma. * Severe events were defined as outpatient treatment: hospitalization admission to the ICU: mechanical ventilation: and death during the COVID-19
infection. ® Long recovery time was defined as the persistence of clinical symptoms or positive antigen for more than ten days after COVID-19 infection.

Multivariate analysis was performed for risk factors
associated with increased COVID-19 severity,
including gender, age, BMI, smoking, number of
comorbidities, tumor-related factors, various anti-
tumor therapies, post-COVID-19 status, and so on
(Table 3). Compared with female patients, male
oncology patients were 5.60 times more likely to be
affected by severe post-COVID-19 (95% CI, 1.89-
16.57). A long recovery time was associated with 3.19
times increased risk of COVID-19 severity (95%CI,
1.09-9.32).

Discussion

In recent years, SARS-CoV-2 infection had become
an emerging global public health concern [18], which
affected a dominant portion of the global population.
The participants in our study were infected with
COVID-19 at the time of the Omicron-predominant
phase. Omicron variants were characterized by faster
transmissibility, better viral binding and affinity, and
increased frequency of mutations [19-21]. Fortunately,
the major clinical symptoms of Omicron were relatively

mild [22]. The Omicron period had generally lower
rates of ICU occupancy, mechanical ventilation, and
mortality than the Delta period [23].

The elderly and those with underlying medical
conditions were the main populations affected by
severe COVID-19 [24]. Therefore, cancer patients were
at a higher risk. Immunosuppression was the
predominant immunological imbalance that tumor
patients experienced [25]. Additionally, anti-tumor
treatment regimens typically affected or influenced the
immune system. Research by French scholars indicated
that cancer patients had high mortality and severe
COVID-19, and no anticancer treatments were proven
to have a negative effect other than cytotoxic
chemotherapy [26]. From January 1 to February 24,
2020, 105 cancer patients participated in a multicenter
study conducted in China, which revealed that COVID-
19 was more likely to infect cancer patients. While
radiotherapy had minimal effect on severe events,
cancer patients who underwent surgery were more
likely to experience severe episodes of COVID-19 [13].
Additional data published by European researchers [17]
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Table 3. Multivariate analysis of factors associated with COVID-19 severity® outcome of cancer patients with COVID-19.

Variable Crude odds ratio (95% CI) Adjusted odds ratio (95% CI) p values
Gender (ref. female) 0.320 (0.155-0.658) 5.604 (1.895-16.570) <0.01
Age 1.012 (0.984-1.042) 1.007 (0.972-1.044) 0.69
BMI 1.044 (0.946-1.151) 1.082 (0.948-1.235) 0.24
Addicted to smoking 1.450 (0.726-2.898) 0.680 (0.253-1.827) 0.44
Number of comorbidities (ref. 0) 0.35
1 2.194 (0.871-5.529) 1.255 (0.386-4.077) 0.71
>2 0.975 (0.282-3.377) 0.348 (0.071-1.708) 0.19
Metastasis (clinical stage IV) 1.086 (0.538-2.189) 1.724 (0.616-4.820) 0.30
Pathological types (ref. others) 0.87
Aden. Carc. 0.915 (0.413-2.027) 0.984 (0.330-2.938) 0.98
Sq. cell Carc. 1.013 (0.386-2.660) 0.718 (0.205-2.510) 0.60
Tumor types (ref. others)

Lung cancer 1.670 (0.696-4.003) 1.982 (0.615-6.382) 0.25
Chemotherapy within 1 month 0.743 (0.374-1.478) 0.504 (0.155-1.644) 0.26
Targeted therapy within 1 month 0.966 (0.363-2.567) 0.300 (0.066—-1.373) 0.12
Immunotherapy within 1 month 0.477 (0.150-1.519) 0.199 (0.039-1.008) 0.05
Radioactive therapy within 1 month 2.016 (0.975-4.167) 1.919 (0.611-6.026) 0.26
Surgical therapy or invasive manipulation within 1 month 1.328 (0.667-2.644) 0.837 (0.283-2.477) 0.75
Time interval from the last anti-tumor treatments to 0.11
COVID-19 diagnosis (ref. never received treatment) ’
Within 1 month 1.172 (0.401-3.427) 2.139 (0.329-13.914) 0.43
Between 1 to 3 mouths 0.367 (0.085-1.584) 0.252 (0.044-1.431) 0.12
Exceeding 3 months 0.524 (0.082-3.364) 0.290 (0.032-2.648) 0.27
Fever 1.536 (0.630-3.744) 1.859 (0.598-5.774) 0.28
Lose weight 2.177 (1.090-4.350) 1.228 (0.455-3.317) 0.69
Long recovery time® 2.438 (1.208-4.919) 3.190 (1.091-9.325) <0.05

BMI: body mass index; CI confidence interval; COVID-19: coronavirus disease 2019; ref.: reference group; Aden. Carc.: Adenomatous carcinoma; Sq. cell
Carc.: Squamous cell carcinoma. * COVID-19 severity was classified into two levels: severe events: defined as outpatient treatment: hospitalization admission
to the ICU: mechanical ventilation: and death during COVID-19 infection; and non-severe events. ® Long recovery time was defined as persistence of clinical
symptoms or positive antigen for more than ten days after COVID-19 infection.

showed that chemotherapy, targeted therapy,

or such as hypodynamia, headache, and muscle soreness,

immunotherapy did not increase mortality. The above
studies did not address COVID-19 infection during the
Omicron outbreak and instead concentrated primarily
on the waves during 2020. Our study was conducted at
the end of 2022, which helped gather data and
information on cancer patients with COVID-19 during
the Omicron period.

Compared to non-cancer group after COVID-19
infection, there were no statistically significant
differences in gender, age, BMI, or number of
comorbidities in cancer patients. However, both the
proportion and number of people addicted to smoking
was significantly higher in the cancer group. No
statistical difference was observed in the number of
outpatient visits after COVID-19 between the cancer
and non-cancer groups. However, the number of
hospitalized patients was higher in the cancer group.
The symptoms were relatively mild after infection with
Omicron, which was reflected by the fact that only one
person in the cancer group was admitted to the ICU.
Invasive mechanical ventilation was not used in any
group. Post-infection symptoms, regardless of mild
fever or high fever, were significantly higher in the non-
oncology group. This phenomenon was similar to that
reported in previous studies [13,27]. Other symptoms,

were also more common in the non-cancer group.
Presumably, the immune level of patients with tumors
was inferior, which resulted in a weaker response to
SARS-CoV-2 than that of the general population.
Additionally, the application of steroids in tumor
treatment might be one of the reasons for the reduction
of post-COVID-19 symptoms in cancer patients
compared with the general population. Cancer patients
often use steroids, especially glucocorticoids, as part of
symptomatic therapy or in specific chemo-regimen.
Glucocorticoids can prevent the occurrence of immune
inflammatory response and pathological immune
response, which had been the most widely used and
effective anti-inflammatory and immunosuppressant in
clinical practice. Therefore, the degree and time of
various inflammatory reactions after COVID-19
infection were significantly reduced in cancer patients
who were administered steroids previously. Further
research on this topic should be conducted.

Although the cancer group appeared to be less
severe in terms of clinical features, the number of
deaths at 30 or 90 days increased visibly in the cancer
group, while no deaths occurred in the non-cancer
group. The mortality within 90 days of the cancer group
was 2.67%, which was slightly higher than that in the
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overall population [23,28]. Of the two cancer patients
who died within 30 days, one died quickly because of
the complications of white lung after COVID-19. The
other one recovered well after COVID-19 but died of
massive bleeding caused by rapid tumor progression.
The other two patients who died within 90 days had
similar clinical progression. Both of them lost weight
significantly after COVID-19 and continued symptoms
of fatigue. The complications of COVID-19 accelerated
the death of the two cancer patients. The general
condition of cancer patients in the terminal stage was
poor, and the deterioration of tumors could have been
aggravated after COVID-19 infection, which led to
eventual death. The reason for the absence of deaths in
the non-cancer group might be the relatively small
number of elderly, disabled, or uncooperative
participants involved in SARS-CoV-2 detection in the
Cancer Hospital, CAMS.

Multivariate analysis was conducted on 150 cancer
patients according to the severity of the COVID-19
infection. Being male (OR 5.60, 95% CI 1.90-16.57)
was an independent risk factor for COVID-19 severity
among the cancer patients. In our study, male patients
with Omicron were more likely to develop serious
adverse events. This has been confirmed by several
previous studies [17,26]. Another factor associated with
this was a long recovery time (OR 3.19, 95% CI 1.09-
9.33). It is not difficult to perceive that a longer
recovery time was required for severe events after a
COVID-19 infection. The time for the disappearance of
clinical symptoms or antigen conversion was prolonged
in patients with serious events after COVID-19
infection.

In our study, a limited correlation was observed
between the type and time interval of anticancer
treatment and COVID-19 severity. Among the various
antitumor therapies, the only one that revealed portents
was immunotherapy; however, the difference was not
statistically significant (p=0.054). Immunotherapy
enhanced the overall immune response. Elevated
immune response levels could help fight foreign
pathogens, such as SARS-CoV-2. Follow-up studies
with larger sample sizes, particularly those involving
immunotherapy were required. The above findings
revealed the safety of previous antitumor treatment
during the pandemic, which was consistent with
previous reports [17,26]. Additionally, lung cancer
patients were compared with other tumors, referring to
the basic data, tumor characteristics, and treatments, as
well as the performance after COVID-19 infection,
which indicated no potentially valuable factors.

J Infect Dev Ctries 2024; 18(9.1):S107-S115.

Our study had several limitations. First, it was a
mono-institutional study. A nationwide study involving
multiple regions and larger patient groups may provide
more representative data to determine the association
between COVID-19 and cancer. Second, many mild
cases only visited the hospital for nucleic acid detection
without other laboratory results during the COVID-19
infection period. However, a series of laboratory
indicators, such as D-dimer, could assist in predicting
the severity of COVID-19 patients [29]. Even with the
subsequent positive results for SARS-CoV-2, they
preferred recovering by themselves, and relevant
laboratory testing were not done. Consequently,
laboratory indicators were not acquired and statistical
analyses were not performed in this study. Lastly,
COVID-19 circulating strains in all samples were not
verified by sequencing. In this study, patient samples
were analyzed by real-time RT-PCR. The
determination of COVID-19 Omicron strains was
mainly based on the overall epidemic situation in
Beijing and the relative clinical symptoms. Although
the prevalence of Omicron strains was predominant by
the end of 2022, the specific branches were unclear.

Conclusions

In the context of the ongoing COVID-19 pandemic,
our data indicate that there might be some association
between various active antitumor therapies, treatment
intervals, and COVID-19 severity. These findings may
be essential to dispel COVID-19 concerns among
cancer patients and to continue the key therapeutic steps
in their antitumor treatment. Nevertheless, the study of
a larger cohort to determine the effect of
immunotherapy and COVID-19 in cancer patients is a
future direction.
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Supplementary Table 1. Detailed information of 150 cancer patients infected with coronavirus disease 2019 (COVID-19).
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Tumor type

Colorectal cancer
Renal cancer
Lung cancer
Breast cancer
Lung cancer

Colorectal cancer

Colorectal cancer
Breast cancer
Lung cancer

Stomach cancer
Ovarian cancer
Lung cancer
Thyroid cancer
Colorectal cancer
Ovarian cancer
Lung cancer
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Cervical cancer
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Pathological type

Aden. Carc.
Other
Aden. Carc.
Aden. Carc.
Aden. Carc.
Aden. Carc.
Aden. Carc.
Aden. Carc.
Aden. Carc.
Aden. Carc.
Aden. Carc.
Neu. Carc.
Other
Aden. Carc.
Sq. cell Carc.
Sq. cell Carc.
Sq. cell Carc.
Aden. Carc.
Sq. cell Carc.
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Aden. Carc.
Aden. Carc.
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Smoking history

Smoker
Smoker
Smoker
Never smoked
Never smoked
Smoker
Never smoked
Never smoked
Never smoked
Smoker
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Never smoked
Never smoked
Smoker
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Smoker
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Never smoked

Smoker

Never smoked
Never smoked
Smoker
Smoker
Smoker
Smoker
Never smoked
Smoker
Smoker
Smoker
Never smoked
Never smoked
Never smoked
Never smoked
Never smoked
Never smoked
Never smoked
Never smoked
Never smoked
Never smoked
Smoker
Never smoked
Never smoked

Smoker
Smoker

Never smoked

Never smoked
Smoker

Never smoked

Never smoked
Smoker
Never smoked
Never smoked
Never smoked
Never smoked

Never smoked

Never smoked

Severe
events
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
Yes
No
No

No

No
No
Yes
No
No
Yes
Yes
Yes
Yes
No
No
No
No
No
No
No
Yes
No
No
Yes
Yes

No

No
Yes

Yes
Yes
Yes
No
Yes

Survival
status
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive

Alive

Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
Alive
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Alive

Alive

Alive
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Alive
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No.60 Female 67 1 Cervical cancer I Sq. cell Carc. Never smoked No Alive
No.61 Male 56 0 Colorectal cancer v Aden. Carc. Never smoked Yes Alive
No.62 Female 71 0 Esophagus cancer I Sq. cell Carc. Never smoked No Alive
No.63 Female 64 0 Lung cancer v Aden. Carc. Never smoked No Alive
No.64 Female 40 0 Breast cancer I Aden. Carc. Never smoked No Alive
No.65 Male 59 0 Colorectal cancer 1T Aden. Carc. Smoker No Alive
No.66 Male 62 0 Colorectal cancer v Aden. Carc. Smoker No Alive
No.67 Male 25 0 lymphoma 11 Non-Hodgkin lym. Smoker No Alive
No.68 Female 59 1 Lung cancer I Neu. Carc. Never smoked No Alive
No.69 Female 58 0 Breast cancer 11 Aden. Carc. Smoker Yes Alive
No.70 Male 63 0 Esophagus cancer I Sq. cell Carc. Never smoked Yes Alive
No.71 Female 65 0 Lung cancer 1I Aden. Carc. Never smoked Yes Alive
No.72 Male 67 2 Lung cancer I Aden. Carc. Smoker Yes Alive
No.73 Female 26 1 Thyroid cancer I Aden. Carc. Never smoked No Alive
No.74 Male 65 0 Colorectal cancer v Aden. Carc. Never smoked No Alive
No.75 Female 42 1 Endometrial cancer 111 Aden. Carc. Never smoked Yes Alive
No.76 Male 74 2 Colorectal cancer I Aden. Carc. Smoker No Alive
No.77 Female 43 1 Lung cancer I Aden. Carc. Never smoked No Alive
No.78 Male 67 0 Esophagus cancer I Sq. cell Carc. Smoker No Alive
No.79 Male 57 0 Esophagus cancer I Aden. Carc. Smoker No Alive
No.80 Male 73 0 Esophagus cancer I Sq. cell Carc. Never smoked Yes Alive
No.81 Male 54 0 Lung cancer v Aden. Carc. Smoker No Alive
No.82 Male 64 0 Colorectal cancer v Aden. Carc. Never smoked Yes Alive
No.83 Male 53 0 Colorectal cancer v Aden. Carc. Never smoked No Alive
No.84 Female 53 0 Pleura cancer v Other Never smoked No Alive
No.85 Female 64 0 Lung cancer v Aden. Carc. Smoker No Alive
No.86 Male 57 0 Esophagus cancer v Sq. cell Carc. Smoker Yes Alive
No.87 Male 58 0 Lung cancer v Neu. Carc. Never smoked No Alive
No.88 Female 47 0 Breast cancer I Aden. Carc. Smoker No Alive
No.89 Male 75 0 Esophagus cancer I Sq. cell Carc. Smoker Yes Dead
No.90 Male 63 0 Lung cancer v Aden. Carc. Smoker No Alive
No.91 Male 47 0 Brain cancer 11 Other Smoker No Alive
No.92 Male 64 0 Tongue cancer v Sq. cell Carc. Smoker No Alive
No.93 Male 57 0 Stomach cancer 11 Aden. Carc. Never smoked No Alive
No.9%4 Female 45 0 Breast cancer I Aden. Carc. Smoker No Alive
No.95 Female 64 0 Hepciglcjélrlary v Aden. Carc. Never smoked Yes Dead
No.96 Female 50 0 Cervical cancer I Sq. cell Carc. Never smoked No Alive
No.97 Male 71 0 Esophagus cancer v Sq. cell Carc. Smoker Yes Dead
No.98 Female 35 0 Cervical cancer I Sq. cell Carc. Never smoked No Alive
No.99 Female 67 0 Thymic cancer I Other Never smoked No Alive
No.100 Female 64 0 Cervical cancer I Sq. cell Carc. Never smoked No Alive
No.ll1l1  Female 70 0 Vagf;ilcsetr“mp il Sq. cell Carc. Never smoked No Alive
No.112 Male 70 0 Esophagus cancer 1I Sq. cell Carc. Never smoked Yes Alive
No.113 Male 56 0 Laryngeal cancer v Neu. Carc. Smoker No Alive
No.114 Male 64 0 Bladder cancer I Uro. Carc. Smoker No Alive
No.115 Female 52 0 Breast cancer 1I Aden. Carc. Never smoked No Alive
No.116 Female 42 0 Cervical cancer I Sq. cell Carc. Never smoked No Alive
No.117 Female 43 0 Camt:fsrszef: soft I Other Never smoked No Alive
No.118 Male 63 0 Colorectal cancer 1T Aden. Carc. Smoker No Alive
No.119 Female 62 2 Nasos ;fgrngeal v Sq. cell Carc. Never smoked No Alive
No.120 Male 68 0 Stomach cancer 1T Aden. Carc. Never smoked Yes Alive
No.121 Male 64 1 Colorectal cancer v Aden. Carc. Smoker Yes Alive
No.122 Female 38 0 Colorectal cancer v Aden. Carc. Smoker No Alive
No.123 Male 67 1 Lung cancer 1I Sq. cell Carc. Smoker No Alive
No.124 Female 73 0 Breast cancer 11 Aden. Carc. Never smoked No Alive
No.125 Female 65 0 Lung cancer I Aden. Carc. Never smoked Yes Alive
No.126 Male 49 0 Esophagus cancer I Sq. cell Carc. Smoker Yes Alive
No.127 Male 42 0 Pancreatic cancer v Aden. Carc. Smoker Yes Alive
No.128 Female 69 0 Cervical cancer I Sq. cell Carc. Never smoked No Alive
No.129  Male 76 2 Hepca;r‘:'gélr‘ary il Aden. Carc. Smoker No Alive
No.130 Male 77 0 Colorectal cancer III Aden. Carc. Never smoked No Alive
No.141 Female 69 0 Esophagus cancer I Sq. cell Carc. Never smoked No Alive
No.142 Male 70 0 Lung cancer I Aden. Carc. Smoker Yes Alive
No.143 Male 40 0 Nasog ;r?crzfrngeal I Sq. cell Carc. Never smoked Yes Alive
No.144 Male 66 0 Esophagus cancer 111 Sq. cell Carc. Never smoked No Alive
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No.145 Female 41 2 Endometrial cancer I Aden. Carc. Smoker No Alive
No.146 Female 69 1 Anal canal cancer I Sq. cell Carc. Never smoked Yes Alive
No.147 Male 66 0 Bladder cancer 1T Uro. Carc. Smoker Yes Alive
No.148 Female 58 0 Colorectal cancer v Aden. Carc. Never smoked No Alive
No.149 Female 55 2 Cervical cancer v Sq. cell Carc. Never smoked Yes Alive
No.150 Male 75 1 Lung cancer v Aden. Carc. Smoker Yes Alive

Aden. Carc.: Adenomatous carcinoma; Sq. cell Carc.: Squamous cell carcinoma; Neu. Carc.: Neuroendocrine carcinoma; Non-Hodgkin lym.: Non-Hodgkin
lymphoma; Uro. Carc.: Urothelial carcinoma.
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