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ABSTRACT

Background: We aimed to investigate mortality, severity, and risk of hospitalization in
coronavirus disease 2019 (COVID-19) patients with cancer.

Methods: Data of all patients aged 40-79 years from the Korean Disease Control and
Prevention Agency-COVID19-National Health Insurance Service who were diagnosed with
COVID-19 between January 1, 2020 and March 31, 2022, in Korea were included. After 1:1
propensity score matching, 397,050 patients with cancer and 397,050 patients without cancer
were enrolled in the main analysis. A cancer survivor was defined as a patient who had
survived 5 or more years since the diagnosis of cancer. Multiple logistic regression analysis
was performed to compare the risk of COVID-19 according to the diagnosis of cancer and
time since diagnosis.

Results: Cancer, old age, male sex, incomplete vaccination against COVID-19, lower
economic status, and a higher Charlson comorbidity index were associated with an increased
risk of hospitalization, hospitalization with severe state, and death. Compared to patients
without cancer, the adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for
hospitalization, hospitalization with severe state, and death in patients with cancer were 1.09
(1.08-1.11), 1.17 (1.11-1.24), and 1.94 (1.84-2.05), respectively. Compared to patients without
cancer, the ORs (95% CIs) for hospitalization in cancer survivors, patients with cancer
diagnosed 2-5 years, 1-2 years, and < 1 year ago were 0.96 (0.94-0.98), 1.10 (1.07-1.13), 1.30
(1.25-1.34), and 1.82 (1.77-1.87), respectively; the ORs (95% CIs) for hospitalization for severe
disease among these patients were 0.90 (0.85-0.97), 1.22 (1.12-1.32), 1.60 (1.43-1.79), and
2.29 (2.09-2.50), respectively.

Conclusion: The risks of death, severe state, and hospitalization due to COVID-19 were
higher in patients with cancer than in those without; the more recent the diagnosis, the
higher the aforementioned risks. Cancer survivors had a lower risk of hospitalization and
hospitalization with severe disease than those without cancer.
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INTRODUCTION

We have been experiencing the coronavirus disease 2019 (COVID-19) pandemic ever
since 2020, and patients with cancer have been affected by this disease. Because of the
continuation of the pandemic, understanding clinical outcomes in patients with cancer
concomitant with COVID-19 has become important from a public health perspective.

Patients with cancer were found to be a vulnerable population during the COVID-19
pandemic. Compared to the general population, they were reportedly admitted to the
hospital more often and had more severe manifestations and higher mortality.13 Patients
with cancer often experience immunosuppression due to their underlying illness,
treatment-related side effects, and poor nutrition.#6 Thus, they are at an increased risk of
being admitted to an intensive care unit, developing severe complications, or even dying.
Although previous studies suggest that patients with cancer and COVID-19 are more likely

to have adverse outcomes, most of these studies are limited by small samples that only
comprised patients with cancer currently undergoing treatment.13 Moreover, few studies
have investigated the outcomes of COVID-19 in patients who were diagnosed with cancer 5
years ago. Cancer survivors, commonly defined as individuals who survived for longer than
5years, have completed their acute cancer treatment and have unique healthcare needs that
are different from those in patients recently diagnosed with cancer.710 Their care is focused
on health promotion and disease prevention for other conditions as well as monitoring for
cancer recurrence.’1113 We hypothesized that cancer survivors would have a better prognosis
after COVID-19 than patients with cancer diagnosed less than 5 years ago. Therefore, this
study aimed to compare and examine the risk of hospitalization, hospitalized patients due to
severe state, and death due to COVID-19 not only in patients with and without cancer using
propensity score matching but also according to the time since cancer diagnosis, including
those of cancer survivors.

METHODS

Data source

This study used the Korean Disease Control and Prevention Agency-COVID19-National
Health Insurance Service (K-COV-N) cohort. The National Health Insurance Service (NHIS),
a mandatory health insurance claim run by the government of South Korea, covers nearly the
entire South Korean population (> 97%).14 All healthcare providers are required to submit
all treatment data to the NHIS for insurance reimbursement. The Korea Disease Control
and Prevention Agency (KDCA) has clinical information on COVID-19-positive patients,

as well as vaccination information for the Korean population. The K-COV-N cohort has
claims and COVID-19-related data for almost all Koreans obtained by converging data from
the NHIS and KDCA. Diagnostic codes were standardized following the 7th version of the
Korean Classification of Diseases, a modified version of the 10th edition of the International
Classification of Diseases.

In Korea, KDCA manages data on quarantine, test results, confirmation, and vaccination
status related to COVID-19. NHIS has information on tests, type of treatment, hospitalization
and its duration, and medical expenses that require reimbursement. To promote COVID-19
research, KDCA and NHIS merged both databases and provided access to researchers who
had their research projects approved.
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All the data used in this study are publicly available. However, all the data used in this study will
be made publicly available on the NHIS and KDCA (https://www.nhis.or.kr/nhis/index.do and
https://www.kdca.go.kr/). The corresponding author affirms that the manuscript is an honest,
accurate, and transparent account of the study being reported. No crucial aspects of the study
have been omitted, and all discrepancies from the study as planned have been explained.

Data collection

Patients aged 40-79 years who were diagnosed with COVID-19 between January 1, 2020,

and March 31, 2022, were included. A total 0f 397,050 patients with cancer and 3,460,985
patients without cancer were included. After 1:1 propensity score matching, 397,050 patients
with cancer and 397,050 patients without cancer were enrolled in the main analysis. A

cancer diagnosis was defined as a C code in the International Classification of Diseases 10th
Revision (ICD-10), and the day wherein the C code was first entered as the date of diagnosis.
Cases with cancer recurrence and those with multiple primary or secondary cancers were
excluded. Time since cancer diagnosis was defined as the period from the date of cancer
diagnosis to the date of COVID-19 diagnosis. Cancer types were stratified into solid cancers
(CO0—-C80 and C97-C99) and hematologic cancers (C81-C96). A cancer survivor was

defined as a patient who had survived > 5 years since the diagnosis of cancer.710 COVID-19
vaccination was classified as complete if two or more doses were administered, regardless

of the type of vaccination, or if one or more doses were received in the case of Janssen,

and incomplete if less than one dose was received. Then, we extracted data on age, sex,
insurance premiums, Charlson comorbidity index (CCI), hospitalization, severity, and death.
For patients with cancer, we further extracted the time since cancer diagnosis and cancer
type. We classified household income levels based on health insurance premiums because
health insurance premiums are set in proportion to income. The CCI was calculated based
on ICD-10 codes from 2019 as a weighted sum of comorbidities, and the CCI was calculated
by excluding cancer in patients with cancer.15> We classified severity as ambulatory state,
hospitalization with mild state, or hospitalization with severe state using the COVID-19
severity scale by the World Health Organization.16 Hospitalization with mild state included
no oxygen therapy or oxygen delivered using mask or nasal prongs. Hospitalization with
severe state included non-invasive ventilation, high-flow oxygen, intubation and mechanical
ventilation, as well as ventilation combined with additional organ support such as dialysis
and extracorporeal membrane oxygenation.16:17 The scale indicates the clinical severity of the
disease and can be used during any infectious disease epidemic16:17; we conducted a previous
study using this classification.18

Statistical analysis

First, we analyzed the characteristics of patients with COVID-19 with and without cancer
before and after propensity score matching by frequency and percentage. Then, propensity
score matching analysis was performed to minimize the probability of selection bias between
patients with and without cancer. The propensity score was then generated using multiple
logistic regression models, including age, sex, vaccination against COVID-19, and household
income. We used the nearest available matching (1:1) method to estimate the propensity
score using a caliper of 0.25. Balance was assessed by a standardized mean difference of < 0.1
after matching.

Statistical differences in the severity of COVID-19 between patients with and without cancer
were evaluated using the chi-square test.

https://doi.org/10.3346/jkms.2024.39.e6 3/10
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The odds ratios (ORs) and confidence intervals (CIs) for hospitalization, hospitalization with
severe state, and death due to COVID-19 were calculated using multiple logistic regression
analyses after adjusting for confounding factors, including group (patients with cancer and
without cancer), age, sex, vaccination against COVID-19, household income, and CCI. All the
analyses were performed using SAS Enterprise Guide version 8.2 (SAS Institute, Cary, NC,
USA) and R version 4.0.0 (The R Foundation for Statistical Computing, Vienna, Austria).

Ethics statement

The Institutional Review Board of the Seoul National University Bundang Hospital approved
this study (approval number: X-2207-768-901) and was conducted in accordance with the
Declaration of Helsinki. The requirement to obtain informed consent from participants was
waived as this was an observational study with an anonymized dataset.

RESULTS

Table 1 presents the characteristics of patients with COVID-19 with and without cancer before
and after propensity score matching. Comparing the standardized mean difference between
individual covariates, including age, sex, vaccination against COVID-19, and household
income, those with cancer and controls showed a good covariate balance (standardized

mean difference < 0.1). Of the total matched groups, men accounted for 42.4% and 44.6%

in the cancer and control groups, respectively. The proportions of vaccinations for COVID-19

Table 1. Characteristics of COVID-19 patients with and without cancer in Korea before and after propensity score matching

Characteristics

Before propensity score matching After propensity score matching

Patients with cancer  Patients without cancer ~ SMD Patients with cancer  Patients without cancer ~ SMD
(n = 397,050) (n = 3,460,985) (n = 397,050) (n = 397,050)
Age (yr) 0.46 0.023
40-49 71,099 (17.9) 1,180,495 (34.1) 71,099 (17.9) 69,752 (17.6)
50-59 107,031 (27.0) 1,041,792 (30.1) 107,031 (27.0) 107,745 (27.1)
60-69 132,758 (33.4) 860,530 (24.9) 132,758 (33.4) 136,115 (34.3)
70-79 86,162 (21.7) 378,168 (10.9) 86,162 (21.7) 83,438 (21.0)
Sex 0.027 0.048
Female 299,638 (57.8) 1,955,213 (56.5) 299,638 (57.8) 220,147 (55.4)
Male 167,412 (42.92) 1,505,772 (43.5) 167,412 (42.92) 176,903 (44.6)
Household income 0.035 0.082
High 190,924 (48.1) 1,612,171 (46.6) 190,924 (48.1) 174,647 (44.0)
Middle 105,328 (26.5) 967,101 (27.9) 105,328 (26.5) 113,201 (28.5)
Low 100,798 (25.4) 881,713 (25.5) 100,798 (25.4) 109,202 (27.5)
Charlson comorbidity Index 0.299 0.155
0-1 295,507 (56.8) 9,441,499 (70.5) 295,507 (56.8) 954,788 (64.2)
2 78,195 (19.7) 530,291 (15.32) 78,195 (19.7) 68,554 (17.3)
>3 93,348 (23.5) 489,195 (14.13) 93,348 (23.5) 73,708 (18.5)
Vaccination for COVID-19 0.085 0.004
Complete 371,059 (93.5) 3,303,477 (95.4) 371,059 (93.5) 370,315 (93.3)
Incomplete 25,991 (6.5) 157,508 (4.5) 25,991 (6.5) 26,735 (6.7)
Time since cancer diagnosis
>5yr 239,735 (58.6) 239,735 (58.6)
2-5yr 91,082 (22.9) 91,082 (22.9)
1-2yr 32,899 (8.3) 32,899 (8.3)
<1lyr 40,334 (10.2) 40,334 (10.2)
Cancer type
Solid 385,680 (97.1) 385,680 (97.1)
Hematologic 11,723 (2.9) 11,723 (2.9)
Data are presented as number (%).
COVID-19 = coronavirus disease 2019, SMD = standardized mean difference.
https://jkms.org https://doi.org/10.3346/jkms.2024.39.e6 4/10
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completion were 93.5% in the cancer group and 93.3% in the control group. Moreover,
58.6%, 22.9%, 8.3%, and 10.2% of the patients with cancer were diagnosed > 5 years, 2-5
years, 1-2 years, and < 1 year from the time of cancer diagnosis, respectively. In patients with
cancer, the proportions of solid and hematologic cancers were 97.1% and 2.9%, respectively.

Table 2 shows the severity of COVID-19 among patients with and without cancer. Among
those with cancer, 11.1% were hospitalized and 1.0% died, whereas among those without
cancer, 10.2% were hospitalized and 0.5% died. Patients with cancer had significantly higher
hospitalization and death rates than those without cancer (P < 0.001).

Table 3 presents the logistic regression models for severity, including those adjusted for
hospitalization, hospitalization with severe state, and mortality. Cancer, older age, male

sex, incomplete vaccination against COVID-19, lower household income, and higher CCI
were associated with an increased risk of hospitalization, severe hospitalization, and death.
Compared to the patients without cancer, ORs (95% CIs) for hospitalization, hospitalization
with severe state, and death in the patients with cancer were 1.09 (1.08-1.11), 1.17 (1.11-1.24),

Table 2. Severity of COVID-19 in patients with and without cancer

Characteristics Patients with cancer Patients without cancer P value
(n = 397,050) (n = 397,050)
Total number of hospitalization 44,074 (11.1) 40,428 (10.2) <0.001
COVID-19 severity <0.001
Ambulatory state 352,184 (88.7) 356,303 (89.7)
Hospitalization with mild state 39,308 (9.9) 37,075 (9.4)
Hospitalization with severe state 1,543 (0.4) 1,562 (0.4)
Death 4,015 (1.0) 2,110 (0.5)

Data are presented as number (%).
P values are obtained by using chi-squared test.
COVID-19 = coronavirus disease 2019.

Table 3. ORs and 95% confidence intervals for hospitalization, hospitalization with sever state, and death
according to cancer diagnosis, age, sex, vaccination against COVID-19, household income, and CCI

Characteristics Hospitalization Hospitalization with severe state Death
Group

Patients without cancer 1 (Reference) 1 (Reference) 1 (Reference)

Patients with cancer 1.09 (1.08-1.11) 1.17 (1.11-1.24) 1.94 (1.84-2.05)
Age (yr)

40-50 1 (Reference) 1 (Reference) 1 (Reference)

50-60 1.22 (1.19-1.925) 1.79 (1.52-2.19) 2.48 (2.07-2.96)

60-70 1.38 (1.35-1.49) 4.71 (4.06-5.47) 4.89 (4.14-5.77)

70-80 9.95 (2.20-2.31) 8.97 (7.70-10.39) 14.07 (11.94-16.58)
Sex

Female 1 (Reference) 1 (Reference) 1 (Reference)

Male 1.32 (1.30-1.34) 2.11 (1.99-2.23) 2.90 (2.08-2.39)
Vaccination against COVID-19

Complete 1 (Reference) 1 (Reference) 1 (Reference)

Incomplete 4.57 (4.47-4.66) 16.09 (15.25-16.99) 16.73 (15.87-17.63)
Household income

High 1 (Reference) 1 (Reference) 1 (Reference)

Middle 1.15(1.12-1.17) 1.06 (1.00-1.14) 1.18 (1.11-1.26)

Low 1.35(1.33-1.38) 1.15 (1.08-1.23) 1.33(1.25-1.41)
CCl

0-1 1 (Reference) 1 (Reference) 1 (Reference)

2 1.13 (1.11-1.16) 1.22 (1.13-1.39) 1.95 (1.16-1.34)

>3 1.56 (1.53-1.59) 1.88 (1.76-2.00) 2.03 (1.91-2.15)

ORs are adjusted for group, age, sex, vaccination against COVID-19, household income, and CCI.

OR = odds ratio, COVID-19 = coronavirus disease 2019, CCI = Charlson Comorbidity Index.

https://doi.org/10.3346/jkms.2024.39.e6
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Table 4. Odds ratios and 95% confidence intervals for hospitalization, hospitalization with severe state, and
death according to time since cancer diagnosis and cancer type

Characteristics Hospitalization Hospitalization with severe state Death
Time since cancer diagnosis

Patients without cancer 1 (Reference)

> 5 yr (cancer survivor)

0.96 (0.94-0.98)

1 (Reference)
0.90 (0.85-0.97)

1 (Reference)
1.94(1.16-1.32)

2-5yr 1.10 (1.07-1.13) 1.292 (1.12-1.32) 1.90 (1.76-2.06)

1-2yr 1.30 (1.25-1.34) 1.60 (1.43-1.79) 3.04 (2.76-3.35)

<1yr 1.82 (1.77-1.87) 2.99 (2.09-2.50) 4.95 (4.60-5.34)
Cancer type

Patients without cancer

Solid cancer

Hematologic cancer

1 (Reference)
1.08 (1.07-1.10)
1.72 (1.36-1.81)

1 (Reference)
1.11 (1.06-1.18)
3.18 (2.78-3.64)

1 (Reference)
1.85 (1.76-1.95)
3.85 (3.35-4.49)

and 1.94 (1.84-2.05) after adjusting for age, sex, vaccination against COVID-19, household
income, and CCI.

Table 4 shows ORs for hospitalization, hospitalization with severe state, and death

according to time since cancer diagnosis and cancer type. A more recent cancer diagnosis
was associated with an increased risk of hospitalization. Cancer survivors were associated
with a decreased risk of hospitalization and hospitalized severely. Compared to the patients
without cancer, the ORs (95% Cls) for hospitalization in cancer survivors, patients with
cancer diagnosed 2-5 years ago, those diagnosed 1-2 years ago, and those diagnosed <

1year ago were 0.96 (0.94-0.98), 1.10 (1.07-1.13), 1.30 (1.25-1.34), and 1.82 (1.77-1.87),
respectively. Moreover, compared to the patients without cancer, the ORs (95% ClIs) for
hospitalization with severe state in cancer survivors, those with cancer diagnosed 2-5 years
ago, 12 years ago, and < 1 year ago, were 0.90 (0.85-0.97), 1.22 (1.12-1.32), 1.60 (1.43-1.79),
and 2.29 (2.09-2.50), respectively. Hematologic cancer was associated with an increased risk
of hospitalization, hospitalization for severe disease, and death. Compared with patients
without cancer, the ORs (95% CIs) for hospitalization for solid and hematologic cancer were
1.08 (1.07-1.10) and 1.72 (1.36-1.81), respectively. Additionally, compared to those without
cancer, the ORs (95% Cls) for hospitalization with severe state among patients with solid and
hematologic cancers were 1.11 (1.06-1.18) and 3.18 (2.78-3.64), respectively. Furthermore,
hematologic cancers are associated with an increased risk of death. Compared to patients
without cancer, the ORs (95% CIs) for death among those with solid and hematologic cancers
were 1.85 (1.76-1.95) and 3.85 (3.35-4.42), respectively.

DISCUSSION

In this real-world, large-scale, nationwide, population-based study, we found that the

risk of hospitalization, hospitalization for severe disease, and death due to COVID-19 was
higher in patients with cancer than in those without cancer after adjusting for confounding
variables. Moreover, a more recent cancer diagnosis was associated with an increased risk of
hospitalization, severe hospitalization, and death. Cancer survivors, individuals diagnosed
with cancer > 5 years ago, had lower rates of hospitalization and hospitalization for severe
disease than those without cancer. Furthermore, patients with hematologic cancer have a
higher risk of hospitalization, severe disease, and death than those with solid cancers.

Our findings are consistent with the results of previous studies, wherein patients with cancer
have a higher rate of hospital admission, severe disease status, and mortality than those

https://doi.org/10.3346/jkms.2024.39.e6 6/10
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without cancer.13 Furthermore, patients with hematologic cancers are more vulnerable

to COVID-19 than those with solid cancers.19,20 Additionally, our results suggest that
among patients with cancer, the risk of hospitalization, severe status, and death differs
depending on the time of cancer diagnosis. In particular, cancer survivors had a lower risk
of hospitalization and hospitalization for severe disease after COVID-19 compared to those
without cancer. Previous studies were limited by small sample sizes, including patients with
cancer currently undergoing treatment, and few studies have investigated the outcomes of
COVID-19 in cancer survivors. To our knowledge, this is the first large-scale nationwide study
to compare and examine the risk of hospitalization, hospitalization with severe state, and
death due to COVID-19 not only in patients with and without cancer using propensity score
matching but also according to the time since cancer diagnosis, including those of cancer
survivors. Thus, our results expand on earlier findings on the clinical outcomes in patients
with cancer and COVID-19.

With the increase in the number of cancer survivors, comprehensive care for cancer survivors,
including lifestyle modification and chronic disease management, has been suggested and
implemented in Korea for the last decade.12,21,22 Cancer survivors are more likely to have
better access to knowledge on health such as cessation or reduction of smoking and drinking,
vaccination, and improvements in exercise and nutrition.?2 The smoking rate of cancer
survivors in Korea is 6.7-9.6%, much lower than in the overall smoking rate in Korea, which
is about 20%.23,24 Previous studies showed that active smoking was related to increased

risk of COVID-19 progression towards severe disease.25,26 Furthermore, cancer survivors are
considered to be under better hypertension control than the general population because

they were more likely to engage in better hypertension management behavior.27 Because
higher uncontrolled blood pressure could contribute to a more severe disease course,28
relatively well-controlled chronic diseases such as hypertension may have lowered the risk of
hospitalization and hospitalization for severe disease after COVID-19. In addition, according
to a study conducted on cancer patients in Korea, cancer survivors were more willing to
receive the COVID-19 vaccine than other groups.2?

This study also showed that older age, lower economic status, and incomplete vaccination against
COVID-19 were associated with an increased risk of hospitalization, severe hospitalization, and
death due to COVID-19. These findings are in agreement with those of previous studies,3033
further confirming the reliability of this study. Although there has been controversy about
vaccination against COVID-19, it seems clear that vaccination against COVID-19 has reduced the
hospitalization, severe hospitalization, and death due to COVID-19 in Korea.

This study found that patients with hematologic malignancies had a significantly increased
risk of hospitalization, severe disease, and death compared with patients with solid cancers,
which may be because of the immune dysfunction in this group of patients. Hematologic
cancers, including lymphoma and leukemia, can directly affect the immune system. T-cell
exhaustion and senescence are the main features associated with immune dysfunction

in hematologic cancers.34 Since the recruitment of immune cell populations could play

a key role in COVID-19 recovery, dysregulation of the immune response in patients with
hematologic diseases could be a mechanism underlying this finding.34,35

Moreover, we found that men had a significantly increased risk of hospitalization, severe

disease, and death than women, which was frequently the case in various other studies.20,36
Possible mechanisms associated with this relationship include Type II Transmembrane
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Serine Protease (TMPRSS2) and Angiotensin-Converting Enzyme 2 (ACE2). COVID-19
infectivity depends on its entry via the binding of its viral spike (S) protein to the ACE2
receptor and on the S protein priming by TMPRSS2, which is upregulated by androgens.3738

This study had some limitations. First, since it is based on an insurance claims database
(NHIS database), which provides limited information on patients and does not include all
medical records, information on clinical manifestations of COVID-19 and the course of cancer
treatment was not available. Second, because this was a retrospective observational study
based on the claims database, several possible biases exist, including selection and coding
biases, and it is possible that residual confounders remain. Insurance reimbursement policies
may influence the coding practice of medical institutions. Moreover, according to the type

of medical institute, there may be differences in coding practice. Nevertheless, regardless

of the limitations of the claims database, since COVID-19 is an infectious disease monitored
by the government and all the affected patients have been identified, there is expected to be
little omission in coding, testing, or treatment methods. Third, we were unable to analyze

the effect of immunosuppressant treatment on the outcomes of patients with cancer and
COVID-19 because this information was not collected. Fourth, we compared solid cancer and
hematologic cancer, but we did not analyze each cancer type separately; hence, it was difficult
to identify the differences between cancer types. Lastly, we did not analyze the data according
to the type of vaccine administered. Further research is needed on the mortality, severity, and
risk of hospitalization of COVID-19 patients with cancers according to the type of vaccine and
the number of doses administered.

Despite these potential limitations, we believe that our findings have clinical implications for
public health strategies in that it confirms the risk by examining the results according to the
period after the cancer diagnosis, including cancer survivors, rather than simply comparing
cancer patients to normal individuals. Thus, we conducted a large population-based study
using real-world data from nearly the entire South Korean population. Moreover, to minimize
confounding factors, age, sex, household income, CCI, and vaccination against COVID-19 were
matched using the propensity score and adjusted for in multiple logistic regression analyses.

In conclusion, in this real-world, large-scale, nationwide population-based study, the

risk of hospitalization, hospitalization for severe disease, and death due to COVID-19 was
higher in patients with cancer than in those without cancer. Moreover, a more recent cancer
diagnosis was associated with an increased risk of hospitalization, hospitalization with severe
state, and death. Cancer survivors were associated with a decrease in hospitalization and
hospitalization for severe state. Patients with cancer and COVID-19 require special attention,
especially those recently diagnosed with cancer because they represent a vulnerable
population with a higher case fatality rate than those without cancer.
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