Check for
updates

PISSN 1598-2998, eISSN 2005-9256

https://doi.org/10.4143/crt. 2020.1242

Original Article

Cancer Res Treat. 2021;53(3):678-684

Risk of Coronavirus Disease 2019 Occurrence, Severe Presentation,
and Mortality in Patients with Lung Cancer

Bumhee Yang', Hayoung Choi’, Sun-Kyung Lee*, Sung Jun Chung?®, Yoomi Yeo®, Yoon Mi Shin', Dong Won Park?®, Tai Sun Park’,

Ji-Yong Moon®, Tae-Hyung Kim®, Yun Su Sim? Ho Joo Yoon®, Jang Won Sohn®, Hyun Lee®, Sang-Heon Kim®

Division of Pulmonary and Critical Care Medicine, Department of Medicine, Chungbuk National University Hospital, Chungbuk National University
College of Medicine, Cheongju, *Division of Pulmonary, Allergy, and Critical Care Medicine, Department of Internal Medicine, Hallym University
Kangnam Sacred Heart Hospital, Hallym University College of Medicine, Seoul, *Division of Pulmonary Medicine and Allergy, Department of Internal
Medicine, Hanyang University College of Medicine, Seoul, *Department of Mathematics, College of Natural Sciences, Hanyang University, Seoul, Korea

Purpose This study aimed to analyze whether patients with lung cancer have a higher susceptibility of coronavirus disease 2019
(COVID-19), severe presentation, and higher mortality than those without lung cancer.

Materials and Methods A nationwide cohort of confirmed COVID-19 (n=8,070) between January 1, 2020, and May 30, 2020, and
a 1:15 age-, sex-, and residence-matched cohort (n=121,050) were constructed. A nested case-control study was performed to com-
pare the proportion of patients with lung cancer between the COVID-19 cohort and the matched cohort.

Results The proportion of patients with lung cancer was significantly higher in the COVID-19 cohort (0.5% [37/8,070]) than in the
matched cohort (0.3% [325/121,050]) (p=0.002). The adjusted odds ratio [OR] of having lung cancer was significantly higher in the
COVID-19 cohort than in the matched cohort (adjusted OR, 1.51; 95% confidence interval [Cl], 1.05 to 2.10). Among patients in the
COVID-19 cohort, compared to patients without lung cancer, those with lung cancer were more likely to have severe COVID-19 (54.1%
vs. 13.2%, p < 0.001), including mortality (18.9% vs. 2.8%, p < 0.001). The adjusted OR for the occurrence of severe COVID-19 in
patients with lung cancer relative to those without lung cancer was 2.24 (95% Cl, 1.08 to 4.74).

Conclusion The risk of COVID-19 occurrence and severe presentation, including mortality, may be higher in patients with lung cancer

than in those without lung cancer.
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Introduction

The infection caused by the novel severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), named coronavirus
disease 2019 (COVID-19) by the World Health Organiza-
tion (WHO), has spread rapidly worldwide since it was first
reported in Wuhan, China, at the end of December 2019 [1,2].
The new virus has affected more than 200 countries and ter-
ritories to date and continues to spread further [2,3].

Patients with cancer, especially those with lung cancer,
are suggested to be vulnerable to COVID-19. Previous stud-
ies have shown that the rate of COVID-19 in cancer patients
is higher than that in the general population [4-7], and lung
cancer is the most common cancer subtype. However, these
studies included patients with all type of cancers and did not
control for important demographic characteristics (e.g., age,

sex, and socioeconomic status) [6] and pulmonary comorbidi-
ties (e.g., chronic obstructive pulmonary disease [COPD] and
asthma) [8,9], which have high susceptibility to COVID-19.
According to the available data, 5%-20% of COVID-19
patients have severe disease [1,3,10,11], which is mainly char-
acterized by acute respiratory distress syndrome. Patients
with lung cancer are suggested to be at a higher risk of this
severe form of COVID-19 [6,7,12,13]. Recent studies have
shown that the mortality rate of patients with lung cancer is
higher than that of the general population when infected with
COVID-19[12,13]. However, as these studies were conducted
in a single center, they did not directly compare the severity
of COVID-19 and mortality between patients with lung can-
cer and those without lung cancer or the general population.
They also did not consider clinical characteristics such as age,
sex, and common pulmonary comorbidities in patients with
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Fig. 1. Flow chart of the study population. COVID-19, coronavirus disease 2019; NHIS, National Health Insurance Service.

lung cancer.

Therefore, this study aimed to investigate whether lung
cancer patients are more susceptible to COVID-19 than
patients without lung cancer. Furthermore, we evaluated the
effect of lung cancer on the development of severe COVID-19.

Materials and Methods

1. Study population

The Korean government provided researchers with ano-
nymized national patient data for the evaluation of COV-
ID-19 [14]. This large cohort provides Korea National Health
Insurance records claimed between January 1, 2015, and
May 30, 2020, and consists of the three sub-cohorts: (1) the
COVID-19 cohort comprised of patients who had a con-
firmed diagnosis of COVID-19 after January 2020 (n=8,070),
(2) the inspection control group that included patients whose
COVID-19-related code (B342, B972, U071, and U072) has
been requested after January 2020, however, excluded those
who had confirmed COVID-19 (n=222,257), and (3) the
matched cohort that included a 15-fold population matched
with the COVID-19 cohort by age, sex, and residential area
(n=121,050). Of the data provided, we used data from (1) the
COVID-19 cohort and (3) the matched cohort (Fig. 1).

The data in this cohort were combined with the claims-
based data from the National Health Insurance Service
(NHIS) between January 1, 2015, and May 30, 2020, and we
extracted information on age, sex, and region of residence
from the insurance eligibility data. Therefore, the datasets
analyzed in this study include records on personal data,
healthcare records of inpatients and outpatients from the
past 5 years (including healthcare visits, prescriptions, diag-
noses, and procedures), pharmaceutical visits, COVID-19-
related outcomes, and death records.

2. Definition

Laboratory confirmation of SARS-CoV-2 infection was
defined as a positive result on a real-time reverse-tran-
scriptase polymerase chain reaction assay of nasal or phar-
yngeal swabs, in accordance with the WHO guidelines [15].
Lung cancer was defined as > 2 claims under the Interna-
tional Classification of Diseases, 10th revision (ICD-10) code
(C34. We defined comorbidities as comorbidities with > 2
claims under ICD-10 codes as a major diagnosis during the
study period (from January 1, 2015, to May 30, 2020), as fol-
lows: angina pectoris (I120), myocardial infarction (121, 122,
or 125.2), asthma (J45-J46), COPD (J42-J44 except for J43.0
[unilateral emphysemal), cerebrovascular disease (G45-G46,
160-169, or H34.0), diabetes mellitus (E10-E14), hypertension
(I10-115), heart failure (143, 150, 109.9, 111.0, 125.5, 113.0, 113.2,
142.0, 142.5-142.9, or P29.0), malignancy other than lung can-
cer (C00-C97, except for C34), and rheumatologic disease
(M05, M06, M31.5, M32, M33, M34, M35.1, M35.3, or M36.0)
[16]. Severe COVID-19 was defined as cases with the need
for oxygen therapy, prompt care in the intensive care unit
(ICU), and mechanical ventilation, or extracorporeal mem-
brane oxygenation (ECMO) treatment in addition to patients
who died after a confirmed COVID-19 diagnosis [5,6,17].

3. Main outcomes and measures

The primary objective of this study was to evaluate wheth-
er patients with lung cancer are more vulerable to COVID-19
compared to those without lung cancer. The secondary objec-
tive was to evaluate the effect of lung cancer on the develop-
ment of severe COVID-19.

4. Statistical analysis

Categorical variables are presented as number (%) and
compared using chi-square test or Fisher exact test, as
appropriate.
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Table 1. Baseline characteristics

Total (n=129,120) COVID-19 cohort (n=8,070) Matched cohort (n=121,050)  p-value
Age (yr)
<10 1,296 (1.0) 81 (1.0) 1,215 (1.0) 0.999
10-19 4,416 (3.4) 276 (3.4) 4140 (3.4)
20-29 32,912 (25.5) 2,057 (25.5) 30,855 (25.5)
30-39 13,312 (10.3) 832 (10.3) 12,480 (10.3)
40-49 16,576 (12.8) 1,036 (12.8) 15,540 (12.8)
50-59 25,072 (19.4) 1,567 (19.4) 23,505 (19.4)
60-69 19,184 (14.9) 1,199 (14.9) 17,985 (14.9)
70-79 9,872 (7.7) 617 (7.7) 9,255 (7.7)
>80 6,480 (5.0) 405 (5.0) 6,075 (5.0)
Sex
Male 51,776 (40.1) 3,236 (40.1) 48,540 (40.1) 0.999
Female 77,344 (59.9) 4,834 (59.9) 72,510 (59.9)
Type of insurance
Self-employed health insurance 36,978 (28.6) 2,271 (28.1) 34,707 (28.7) <0.001
Employee health insurance 87,095 (67. 5) 5,212 (64.6) 81,883 (67.6)
Medical aid 5,047 (3.9) 587 (7.3) 4,460 (3.7)
Pulmonary comorbidities
Lung cancer 362 (0.3) 37 (0.5) 325 (0.3) 0.002
Asthma 22,972 (17.8) 1,583 (19.6) 21,389 (17.7) <0.001
COPD 9,696 (7.5) 761 (9.4) 8,935 (7.4) <0.001
Extra-pulmonary comorbidities
Hypertension 28,895 (22.4) 1,934 (24.0) 26,961 (22.3) <0.001
Diabetes mellitus 21,895 (17.0) 1,632 (20.2) 20,263 (16.7) <0.001
Cerebrovascular diseases 9,482 (7.3) 687 (8.5) 8,795 (7.3) <0.001
Angina pectoris 6,046 (4.7) 424 (5.3) 5,622 (4.6) 0.012
Myocardial infarction 954 (0.7) 101 (1.3) 853 (0.7) <0.001
Heart failure 3,985 (3.1) 357 (4.4) 3,628 (3.0) <0.001
Rheumatologic diseases 5,849 (4.5) 461 (5.7) 5,388 (4.5) <0.001
Malignancy other than lung cancer 6,930 (5.4) 426 (5.3) 6,504 (5.4) 0.716

Values are presented as number (%). COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019.

To evaluate the effect of lung cancer on COVID-19 suscep-
tibility, the odds ratio (OR) for lung cancer in the COVID-19
cohort relative to the age- and sex-matched cohort was eval-
uated using univariable and multivariable analyses. Model 1
was adjusted for type of insurance. Model 2 was additionally
adjusted for asthma and COPD.

To evaluate the effect of lung cancer on the occurrence of
severe COVID-19, we compared the odds for severe COV-
ID-19 in patients with lung cancer versus those in patients
without lung cancer using the COVID-19 cohort. Model
1 was adjusted for age and sex. Model 2 was additionally
adjusted for asthma and COPD. All statistical analyses were
performed using SAS ver. 9.4 (SAS Institute Inc., Cary, NC).
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Results

1. Baseline characteristics

The COVID-19 and matched cohorts were well balanced in
terms of age and sex. The proportion of patients who received
medical aid was higher in the COVID-19 cohort than in the
matched cohort (7.3% vs. 3.7%, p < 0.001). Regarding pulmo-
nary comorbidities, the rates of lung cancer (0.7% vs. 0.3%,
p < 0.001), asthma (19.6% vs. 17.7%, p < 0.001), and COPD
(9.4% vs.7.4%, p <0.001) were higher in the COVID-19 cohort
than in the matched cohort. The rates of extra-pulmonary
comorbidities were also significantly higher in the COVID-19
cohort than in the matched cohort, except for malignancy
other than lung cancer (Table 1).
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Table 2. Adjusted odds ratios (95% confidence intervals) for lung cancer in the COVID-19 cohort and the matched cohort

Overall

Age group (yr)
<60
> 60

Sex
Male
Female

Comorbidities
Without COPD
With COPD
Without asthma
With asthma

Matched cohort

(n=121,050)

Reference

Reference
Reference

Reference
Reference

Reference
Reference
Reference
Reference

Unadjusted
1.71 (1.20-2.37)

2.29 (1.06-4.39)
1.59 (1.05-2.30)

1.72 (1.04-2.70)
1.70 (1.01-2.69)

1.91 (1.15-2.99)
1.23 (0.73-1.96)
1.98 (1.25-2.99)
1.30 (0.72-2.17)

COVID-19 cohort (n=8,070)

Model 1
1.69 (1.18-2.35)

2.28 (1.05-4.36)
1.59 (1.05-2.31)

1.69 (1.02-2.66)
1.69 (0.99-2.67)

1.94 (1.16-3.04)
1.24 (0.73-1.96)
2.00 (1.26-3.02)
1.28 (0.71-2.14)

1.51 (1.05-2.10)

2.10 (0.97-4.03)
1.40 (0.93-2.05)

1.39 (0.83-2.19)
1.57 (0.93-2.50)

1.91 (1.15-3.00)
1.22 (0.72-1.94)
1.85 (1.16-2.80)
1.15 (0.63-1.94)

Values are presented as risk ratios (95% CI). Model 1: adjusted for type of insurance; Model 2: adjusted for type of insurance, asthma, and

COPD. CI, confidence interval; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019.

Table 3. Clinical characteristics of COVID-19 patients according to the presence or absence of lung cancer

Age (yr)
<10
10-19
20-29
30-39
40-49
50-59
60-69
70-79
>80

Sex
Male
Female

Type of insurance
Self-employed health insurance
Employee health insurance
Medical aid

Pulmonary comorbidities
Asthma
COorD

Extra-pulmonary comorbidities
Hypertension
Diabetes mellitus
Cerebrovascular diseases
Angina pectoris
Myocardial infarction
Heart failure
Rheumatologic diseases

Malignancy other than lung cancer

Total (n=8,070)

1,583 (19.6)
761 (9.4)

426 (5.3)

With lung cancer (n=37)

o O O

0
4(10.8)
5(13.5)
10 (27.0)
8 (21.6)
10 (27.0)

19 (51.4)
18 (48.7)

9(24.3)
25 (67.6)
3(8.1)

14 (37.8)
18 (48.7)

22 (59.5)

21 (56.8)
8 (21.6)
5(13.5)
2(54)
8 (21.6)
3(8.1)

13 (35.1)

1,569 (19.5)
743 (9.3)

Without lung cancer (n=8,033)

<0.001

0.162

0.870

0.005
<0.001

< 0.001
< 0.001
0.004
0.024
0.023
< 0.001
0.529
< 0.001

Values are presented as number (%). COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019.
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Table 4. Comparison of most severe clinical course of COVID-19 disease according to the presence or absence of lung cancer

Total (n=8,070) With lung cancer (n=37) Without lung cancer (n=8,033) p-value
Oxygen therapy 1,015 (12.6) 18 (48.7) 997 (12.4) <0.001
ICU admission 242 (3.0) 6(16.2) 236 (2.9) <0.001
Mechanical ventilation 156 (1.9) 4(10.8) 152 (1.9) <0.001
ECMO 25(0.3) 0 25 (0.3) 0.734
Mortality 235 (2.9) 7 (18.9) 228 (2.8) <0.001
Overall 1,079 (13.4) 20 (54.1) 1,059 (13.2) <0.001

Values are presented as number (%). Patients receiving oxygen therapy did not include cases receiving mechanical ventilation treatment or
ECMO and mortality cases; those receiving mechanical ventilation treatment did not include cases receiving ECMO and mortality cases;
those receiving ECMO did not include mortality cases. COVID-19, coronavirus disease 2019; ECMO, extracorporeal membrane oxygena-
tion; ICU, intensive care unit.

Table 5. Odds ratios (95% confidence intervals) of lung cancer for severe COVID-19 disease

Crude model Model 1 Model 2

Reference Reference Reference
7.75 (4.05-15.01) 2.69 (1.31-5.61) 2.24 (1.08-4.74)

Model 1: adjusted for age and sex; Model 2: adjusted for age, sex, asthma, and chronic obstructive pulmonary disease. COVID-19, corona-

Without lung cancer
Lung cancer

virus disease 2019.

2. Risk of COVID-19 occurrence in patients with lung can-
cer

The proportion of patients with lung cancer was signifi-
cantly higher in the COVID-19 cohort than in the matched
cohort (0.5% vs. 0.3%, p=0.002) (Table 1). As shown in
Table 2, the odds for lung cancer in the COVID-19 cohort was
1.71-fold higher than that in the matched cohort (unadjusted
OR, 1.71; 95% CI, 1.20 to 2.37). The significant difference per-
sisted after further adjustment for potential confounding fac-
tors in model 1 (adjusted OR, 1.69; 95% ClI, 1.18 to 2.35) and
model 2 (adjusted OR, 1.51; 95% CI, 1.05 to 2.10).

3. Clinical characteristics of COVID-19 patients according
to the presence of lung cancer

Of the 8,070 COVID-19 patients, 37 (0.5%) had lung can-
cer. COVID-19 patients with lung cancer were characterized
by significantly older age than those without lung cancer
(p < 0.001). There were no significant differences in sex and
type of insurance between COVID-19 patients with lung
cancer and those without lung cancer. COVID-19 patients
with lung cancer showed significantly higher comorbid
conditions of asthma (37.8% vs. 19.5%, p=0.005) and COPD
(48.7% vs. 9.3%, p < 0.001) than those without lung cancer.
COVID-19 patients with lung cancer had more extra-pulmo-
nary comorbidities than those without lung cancer, such as
hypertension, diabetes mellitus, cerebrovascular diseases,
angina pectoris, myocardial infarction, heart failure, and
malignancy other than lung cancer (Table 3).
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4. Risk of severe COVID-19 in patients with lung cancer

COVID-19 patients with lung cancer showed more severe
clinical course than those without lung cancer, requiring the
following treatment options: oxygen therapy (cases receiving
mechanical ventilation or ECMO and mortality cases were
not included) (48.7% vs. 12.4%, p < 0.001), ICU admission
(16.2% vs. 2.9%, p < 0.001), and mechanical ventilation (cas-
es receiving ECMO and mortality cases were not included)
(10.8% vs. 1.9%, p < 0.001). COVID-19 patients with lung
cancer also demonstrated significantly higher mortality than
those without lung cancer (18.9% vs. 2.8%, p < 0.001) (Table
4).

Table 5 shows the effect of lung cancer on severe COVID-19
among patients in the COVID-19 cohort. In univariable anal-
ysis, patients with lung cancer were 7.75 times more likely
to have severe COVID-19 (unadjusted OR, 7.75; 95% CI, 4.05
to 15.01) than those without lung cancer. The significant dif-
ference persisted after further adjustment for potential con-
founding factors in model 1 (adjusted OR, 2.69; 95% CI, 1.31
to 5.61) and model 2 (adjusted OR, 2.24; 95% CI, 1.08 to 4.74).

Discussion

In this nested case-control study using a nationwide COV-
ID-19 cohort and an age, sex, and region-matched cohort,
the odds for lung cancer in the COVID-19 cohort were 1.5-
fold higher compared to those in the matched cohort, even
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after adjustment for potential confounding factors including
socioeconomic status and comorbid pulmonary diseases. In
addition, this study revealed that COVID-19 patients with
lung cancer had more severe clinical course, including higher
mortality, than COVID-19 patients without lung cancer.

Although the effect of pulmonary comorbidities such as
asthma and COPD on the susceptibility of COVID-19 was
relatively well evaluated [8,18], there was very limited infor-
mation on whether patients with lung cancer have a higher
risk of COVID-19 than those without lung cancer. Yu et al.
[7] suggested that the risk of COVID-19 in patients with can-
cer, especially those with lung cancer, is higher than that in
the general population by comparing the rate of COVID-19
among cancer patients with that in the general population.
However, this was a single-center study, which may limit
the study findings. In line with our results, Liang et al. [6]
showed that patients with cancer—especially lung cancer—
are at a higher risk of COVID-19 than the general popula-
tion using a nationwide analysis in China. However, this
study did not consider important biases (e.g., age, sex, and
socioeconomic status) when they compared the incidence of
COVID-19 between the cancer patient cohort and the general
population. Additionally, both these aforementioned studies
evaluated all type of cancers. The strength of our study lies in
the fact that we evaluated only patients with lung cancer and
controlled for important biases using the nationwide COV-
ID-19 cohort and the matched cohort. We also controlled for
socioeconomic status comorbidities using adjustment and
stratification.

In this study, patients with lung cancer were found to be
not only more susceptible to COVID-19 but also likely to
experience more severe disease and have higher mortality
than those without lung cancer. In line with our finding,
recent studies reported that COVID-19 imposes a high burden
of severity on and increased mortality in patients with lung
cancer [4,5,12,13]. However, these studies did not compare
the severity of COVID-19 and mortality between patients
with lung cancer and those without lung cancer or the gener-
al population. As a simple comparison without considering
bias can exaggerate the results, controlling biases is important
to estimate the real effect of lung cancer on the progression
of severe COVID-19. We showed that a very high unadjusted
OR sharply reduced after adjusting for important biases.
After controlling for these variables, the risk of severe COV-
ID-19 was about 2-fold higher in patients with lung cancer
than in those without lung cancer.

There are also limitations to this study. First, since the
national insurance claims data were used, information on
functional status was not available in this study. In addition
to limited clinical information that may affect the survival of
patients with lung cancer, this study was conducted in a sin-

gle country, which may limit its generalizability. Second, the
number of lung cancer patients was relatively small, which
may be associated with a relatively large range of CIs and
insignificant results in subgroup analysis. Third, our dataset
lacked specific information on lung cancer, such as patho-
logic types, current cancer stage, and prior treatments for
lung cancer because the NHIS database did not provide this
information. Fourth, all COVID-19 patients were admitted
and isolated in hospitals in Korea, and we could not compare
the rate of hospitalization between lung cancer patients and
those without lung cancer. Thus, we did not include hospital
admission as an index of disease severity. Fifth, this study
could not provide the specific causes of death in COVID-19
patients with lung cancer, since the information was not
available in the NHIS COVID-19 database.

This is the first study to assess the effect of lung cancer on
patient’s susceptibility to COVID-19 and severe presentation,
including mortality. Patients with lung cancer may be more
vulnerable to COVID-19. In addition, COVID-19 patients
with lung cancer may show more severe clinical course than
those without lung cancer. Hence, pulmonologists and tho-
racic oncologists should pay more attention to patients with
lung cancer during this COVID-19 pandemic era.
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