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ABSTRACT

BACKGROUND Patients with cancer have an increased risk of atrial fibrillation (AF). However, there is a
paucity of information regarding the association between cancer type and risk of AF.

OBJECTIVES This study sought to evaluate the risk of AF according to the type of cancer.

METHODS We enrolled 816,811 patients who were diagnosed with cancer from the Korean National Health
Insurance Service database between 2009 and 2016. Age- and sex-matched noncancer control subjects (1:2;
n = 1,633,663) were also selected. Newly diagnosed AF was identified based on the type of cancer.

RESULTS During a median follow-up of 4.5 years, AF was newly diagnosed in 25,356 patients with cancer (6.6

per 1,000 person-years). In multivariable Fine and Gray's regression analysis, cancer was an independent risk factor for
incident AF (adjusted subdistribution hazard ratio [aHR]: 1.63; 95% confidence interval [Cl]: 1.61 to 1.66). Multiple
myeloma showed a higher association with incident AF (aHR: 3.34; 95% Cl: 2.98 to 3.75). Esophageal cancer showed the
highest risk among solid cancers (aHR: 2.69; 95% Cl: 2.45 to 2.95), and stomach cancer showed the lowest association
with AF risk (@aHR: 1.27; 95% Cl 1.23 to 1.32).

CONCLUSIONS Although patients with cancer were found to have a higher risk of AF, the impact on AF
development varied by cancer type. (J Am Coll Cardiol CardioOnc 2021;3:221-32) © 2021 The Authors.

Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

he life expectancy of patients with cancer is cancer in the Unites States is believed to reach more
increasing as a result of recent advances in than 26 million by 2040 (2). Cardiovascular disease
screening, diagnosis, and treatment of can- is the second most common cause of late morbidity
cer (1). The number of patients with a history of and death among cancer survivors (3). In addition to
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ABBREVIATIONS
AND ACRONYMS

AF = atrial fibrillation

CI = confidence interval

CKD = chronic kidney disease
CNS = central nervous system

CVD = cardiovascular disease

DM = diabetes mellitus
HR = hazard ratio

ICD-10 = International

Classification of Diseases-10th

Revision
IGR = interquartile range

NHIS = National Health
Insurance Service

the recurrence, progression, and develop-
ment of secondary malignancies, cardiovas-
cular disease is a major concern in cancer
survivors (4,5).

Atrial fibrillation (AF) is the most common
sustained arrhythmia, and is increasing in
both prevalence and incidence (6). The
prevalence of AF increases with age, and
approximately 10% of patients >80 years of
age have AF (7). AF is also known to increase
the risk of stroke, heart failure, and death (8).
Previous studies have reported that cancer is
an independent risk factor for AF (9-11).
Inversely, an increased risk of cancer after AF
diagnosis has also been reported (12). How-
ever, there is a paucity of information
regarding the association between cancer type and
risk of AF. Cancer is a heterogeneous disease, and the
impact of cancer on AF risk may vary depending on

the cancer type. In this study, we aimed to examine
the risk of AF according to the type of cancer using a
nationwide population-based study.
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METHODS

DATA SOURCES. We used the database of the Na-
tional Health Insurance Service (NHIS) of Korea (13).
The Korean NHIS is a compulsory health insurance
program administered by the Korean government,
which covers almost the entire Korean population
(approximately 52 million people). The Korean NHIS
database includes sociodemographic information,
diagnoses, use of inpatient and outpatient services,
and prescription claims. Diagnoses are recorded using
International Classification of Diseases-10th Revision
(ICD-10) codes. Individuals in the NHIS are recom-
mended to receive a standardized health screening
program biannually, and the health behaviors, phys-
ical examination, vital statistics, and laboratory tests
are recorded for each subject. Although the resident
registration number of each subject in the NHIS was
de-identified to ensure privacy, it remains possible to
follow all of the claims of the same subject continu-
ously (13-15). This study was exempt from the Insti-
tutional Review Board of Seoul National University

FIGURE 1 Flowchart of the Cohort Establishment and Follow-Up

Subjects newly diagnosed with cancer between January 1, 2009,

and December 31, 2016
(n=1,677,227)

Excluded if

- unavailable health examinations data within two
years before cancer diagnosis (n= 806,445)

- missing data in health examinations (n= 16,929)

Patients diagnosed with
cancer (n= 832,391)

1:2 age and sex matched
control (n= 1,644,782 )

Excluded if prior history of AF

- patients in a cancer cohort (n=15,580)
- control cohort (n=11,119)

Patients diagnosed with
cancer (n= 816,811)

1:2 age and sex matched
control (n= 1,633,663 )

Followed-up until December 31,2017

Patients who were newly diagnosed with cancer between 2009 and 2016 and had a health examination in the 2 years prior to cancer diagnosis were identified. Age- and
sex-matched noncancer control subjects without prior history of atrial fibrillation (AF) were also selected. Incident AF events were monitored until December 2017.
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Hospital (E-1912-086-1089). Informed consent was
not required because the patient records and infor-
mation were anonymized and de-identified

before analysis.

CHARACTERISTICS OF THE STUDY POPULATION.
The patient selection is summarized in Figure 1. We
identified patients who had been diagnosed with
cancer and had undergone health examinations in the
2 years prior to cancer diagnosis between 2009 and
2016. A cancer diagnosis is defined when both ICD-10
codes and cancer-specific insurance claim code (V193
code) are satisfied. In Korea, patients with newly
diagnosed cancer were registered with cancer-specific
insurance claim code (code V193) in order to receive
financial support. The reliability of data on cancer
diagnosis was assumed because the Korean govern-
ment provides financial support for patients with
cancer-related ICD-10 codes on the basis of clinico-
pathologic assessments (16). Among these patients,
we excluded those who had previously been diag-
nosed with AF prior to a cancer diagnosis. The index
date of the patients with cancer was defined as the
first day on which the definition of cancer diagnosis
was satisfied. We included an age- and sex-matched
comparator group (referred to as the control group)
at a 1:2 ratio based on the index date of the matched
cancer patients.

We obtained baseline characteristics of study sub-
jects, including age, sex, comorbidities, and health
checkup data. Demographic data, including smoking
status, alcohol consumption, and physical activity,
were collected based on a self-reported question-
naire. Socioeconomic status was determined based on
the health insurance premiums paid. Detailed defi-
nitions of comorbidities and demographic data are
provided in Supplemental Table 1. To compare the
incidence of AF according to cancer type, we classi-
fied 19 types of cancer as follows: esophageal cancer
(C15), stomach cancer (C16), colorectal cancer (C18 to
C20), liver cancer (C22), biliary cancer (C23, C24),
pancreatic cancer (C25), head and neck cancer (C00 to
C14, C30 to C32), lung cancer (C33 to 34), melanoma
(C43), breast cancer (C50), gynecologic cancer (C53 to
C57), prostate cancer (C61), renal cancer (C64),
bladder cancer (C67), central nervous system (CNS)
cancer (C70 to C72), thyroid cancer (C73), non-
Hodgkin lymphoma (C82 to C86), multiple myeloma
(C90), and leukemia (C91 to C95). The cancer ICD
codes are listed in Supplemental Table 2.

PATIENT FOLLOW-UP AND OUTCOMES. The study
population was followed from the index year until
new onset AF, death, or censoring at the end of the
study period (December 31, 2017), whichever came
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TABLE 1 Baseline Clinical Characteristics of the Study Participants
Control Cancer
Subjects Patients
(n =1,633,663) (n = 816,811) p Value
Age, yrs 57.50 + 12.47 57.51+12.48 0.601
Age =65 yrs 481,451 (29.47) 241,026 (29.51) 0.544
Male 765,350 (46.85) 382,648 (46.85) 0.975
Body mass index, kg/m? 23.89 + 3.26 23.93 £3.23 <0.001
Hypertension 636,413 (38.96) 323,982 (39.66) <0.001
Dyslipidemia 453,246 (27.74) 217,528 (26.63) <0.001
Diabetes mellitus 250,953 (15.36) 134,502 (16.47) <.0001
Chronic kidney disease 125,722 (7.70) 59,905 (7.33) <0.001
Smoking <0.001
Never smoker 1,059,791 (64.87) 524,073 (64.16)
Former smoker 245,465 (15.03) 131,219 (16.06)
Current smoker 328,407 (20.1) 161,519 (19.77)
Alcohol use* <0.001
No drinker 1,013,635 (62.05) 499,744 (61.18)
Mild drinker 525,059 (32.14) 267,704 (32.77)
Heavy drinker 94,969 (5.81) 49,363 (6.04)
Regular exerciset 720,134 (44.08) 389,882 (47.73) <0.001
Low incomet 418,496 (25.62) 172,675 (21.14) <0.001

Values are mean + SD or n (%). *Alcohol consumption is denoted as the following: nondrinker (alcohol con-
sumption O g), mild to moderate drinker (alcohol consumption >0 g to <30 g/day), and heavy drinker (alcohol
consumption =30 g/day). TRegular exercise denotes performing >30 min of moderate-intensity exercise (e.g.,
brisk pace walking, tennis doubles, bicycling leisurely) =5 times a week or >20 min of vigorous-intensity exercise
(e.g., running, climbing, fast cycling, aerobics) =3 times a week. $Low income denotes income belongs to lower
20% among the entire Korean population of subjects supported by the Medical Aid program.

first. AF was defined using ICD-10 codes (I48.0 to
148.4, 1.48.9). Atrial flutter was also included in the
definition of AF. To ensure diagnostic accuracy and
exclude patients with transient AF, we only defined
patients as having AF when it was a discharge diag-
nosis or was confirmed more than twice in an
outpatient clinic (13). Additionally, we set 3 landmark
points, 90 days, 1 year, and 5 years after cancer
diagnosis, and performed landmark analysis to
minimize the impact of postoperative AF and eval-
uate the long-term effects of cancer on the incidence
of AF.

STATISTICAL ANALYSIS. The baseline characteris-
tics are presented as the mean + SD or median
(interquartile range [IQR]) for continuous variables
and number and percentage for categorical variables.
The incidence rates of AF were calculated from the
total number of new onset AF events divided by the
total person-years during the follow-up period. The
cumulative hazard of AF between patients with can-
cer and the noncancer control cohort was compared
using Kaplan-Meier estimates with the log-rank test.
The hazard ratio (HR) and 95% confidence interval
(CI) were calculated from the Fine and Gray’s
competing risk regression model, and death was
considered as a competing risk. First, the incidence of
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TABLE 2 Risk of Atrial Fibrillation in Patients With Cancer and the General Population

Subdistribution HR (95% CI)

Duration Time to
Groups n Events (Person-Years) Event (Years)* Incidence* Model 1 Model 2
Noncancer control subjects 1,633,663 31,801 8,795,076 3.2 (1.6-5.1) 3.62 Reference Reference
Cancer patients 816,811 25,356 3,813,800 1.7 (0.9-3.2) 6.65 1.64 (1.61-1.66) 1.63 (1.61-1.66)

index, and chronic kidney disease. *Per 1,000 person-years.
Cl = confidence interval; HR = hazard ratio.

Values are median (interquartile range), unless otherwise indicated. Death was considered a competing risk in Fine and Gray's competing risk regression models. Model 1: age-
and sex-matched cohort; model 2: adjusted for age, sex, smoking, drinking, regular exercise, socioeconomic status, diabetes mellitus, hypertension, dyslipidemia, body mass

AF in patients with cancer was compared with that in
healthy subjects. Second, 19 types of cancers were
analyzed separately. We adjusted the following
known AF risk factors to control for confounding
factors: hypertension, diabetes mellitus (DM), dysli-
pidemia, obesity, chronic kidney disease (CKD),
smoking, drinking, physical exercise status, and so-
cioeconomic status (low income) (17,18). Subgroup
analysis was performed, divided by age, sex, and
comorbidities. Landmark analyses were performed
with the 3 landmark points (90 days, 1 year, and 5
years after cancer diagnosis). Landmark analyses

FIGURE 2 Cumulative Hazard of AF According to the Diagnosis of Cancer

Cancer associated with increased risk of AF
Adjusted subdistribution HR 1.63, 95% Cl: 1.61-1.66
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Age- and sex-adjusted Kaplan-Meier curves with cumulative hazard of atrial fibrillation
(AF). Patients with cancer show a consistently higher incidence of AF compared with
noncancer control subjects. Cl = confidence interval; HR = hazard ratio.

were performed with the 3 landmark points in pa-
tients who were event-free at the landmark time. All
p values were 2-sided, and p < 0.05 was considered
statistically significant. Statistical tests were per-
formed using SAS version 9.4 (SAS Institute, Cary,
North Carolina).

RESULTS

BASELINE CHARACTERISTICS. As shown in Figure 1,
816,811 cancer patients and 1,633,663 healthy control
subjects were evaluated. The mean age of the par-
ticipants was 57.5 + 12.5 years, and 46.9% were men
in both groups. The baseline demographic data and
comorbidities are presented in Table 1. The median
follow-up duration was 4.5 (IQR: 2.7 to 6.6) years in
the cancer cohort and 5.5 (IQR: 3.6 to 7.2) years in the
noncancer control group. The characteristics of the
study population according to cancer type are sum-
marized in Supplemental Table 3. Thyroid cancer was
the most common diagnosis, followed by stomach
cancer, colorectal cancer, breast cancer, and lung
cancer. Lymphoma was the most common diagnosis
of patients with hematologic malignancies.

INCIDENCE OF AF IN CANCER PATIENTS. Table 2
presents the number of events, incidence rate, and
crude and adjusted subdistribution HRs for AF inci-
dence in cancer and control cohorts. During the
follow-up period, 25,356 (3.1%) patients developed AF
in the cancer cohort, and 31,801 (1.9%) subjects
developed AF in the control group. In patients with
AF, the median time from cancer diagnosis to AF was
1.7 (IQR: 0.9 to 3.2) years in the cancer cohort and 3.2
(IQR: 1.6 to 5.1) years in the control group. Patients
with cancer showed a higher AF incidence than the
general population (6.6 per 1,000 person-years in
patients vs. 3.6 per 1,000 person-years in control
subjects). In Fine and Gray’s regression analysis,
cancer diagnosis was associated with a 1.6-fold higher
risk of AF development (subdistribution HR: 1.64;
95% confidence interval [CI]: 1.61 to 1.66). After
adjusting for hypertension, DM, dyslipidemia,
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FIGURE 3 Subgroup Analysis for AF Risk in Patients With Cancer
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Hypertension 596 9.85 +3.89
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Without CKD 3.26 6.22 +2.96
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Current smoker 3.45 8.13 +4.68
Ex or non smoker 3.66 6.31 +265

™ 1.63 (1.61-1.66)
o 1.58 (1.55-1.61)
e 1.71 (1.66-1.76)
™ 1.33(1.30-1.36)
e 218 (2.12-2.24)
- 1.51 (1.46-1.56)
o 1.67 (1.64-1.70)
™ 1.43 (1.40-1.46)
e 1.98 (1.93-2.04)

157 (1.52-1.61)

o 1.66 (1.63-1.70)
[ 1.30 (1.24-1.35)
™ 1.70 (1.67-1.73)
o 1.59 (1.55-1.64)
o 1.66 (1.62-1.69)
—— 1.87 (1.80-1.94)
> 1.58 (1.55-1.61)

¢

T
1.0 15 20
Hazard ratio

0.318

<0.001

0.003

<0.001

<0.001

<0.001

<0.001

<0.001

Patients with cancer showed a consistently higher risk of developing AF, regardless of the subgroup statement. Death was considered a competing risk in Fine and
Gray's competing risk regression models. *Per 1,000 person-years. tAdjusted for age, sex, smoking, drinking, regular exercise, socioeconomic status, diabetes mellitus
(DM), hypertension, dyslipidemia, body mass index (BMI), and chronic kidney disease (CKD). Cl = confidence interval; other abbreviations as in Figure 2.

obesity, CKD, smoking, drinking, physical exercise
status, and income level, the association between a
cancer diagnosis and AF was similar (adjusted sub-
distribution HR: 1.63; 95% CI: 1.61 to 1.66). Figure 2
shows the age- and sex-adjusted cumulative hazard
curves for AF in the cancer and control groups.

INCIDENCE OF AF DEPENDING ON THE TYPE OF
CANCERS. The Central Illustration demonstrates the
number of events, the median time to AF, and the
incidence and risk of AF according to the type of
cancer. All types of cancer contributed to the inci-
dence of AF. However, the incidence rate of AF varied
according to the cancer type. Patients with multiple
myeloma showed the highest risk of AF compared
with the noncancer control group (adjusted sub-
distribution HR: 3.34; 95% CI: 2.98 to 3.75), and pa-
tients with stomach cancer showed the lowest risk of
AF (adjusted subdistribution HR: 1.27; 95% CI: 1.23 to
1.32). All hematologic malignancies, including lym-
phoma, leukemia, and multiple myeloma, showed a
high risk of AF development (for leukemia, adjusted
subdistribution HR: 2.64; 95% CI: 2.38 to 2.92; for

lymphoma, adjusted subdistribution HR: 2.29; 95%
CI: 2.10 to 2.51). Among solid cancers, intrathoracic
malignancies, including lung cancer, esophageal
cancer, and CNS cancer, were associated with a high
risk of AF development (for patients with esophageal
cancer, adjusted subdistribution HR: 2.69; 95% CI:
2.45 to 2.95; for CNS cancer, adjusted subdistribution
HR: 2.62; 95% CI: 2.35 to 2.91; for lung cancer,
adjusted subdistribution HR: 2.39; 95% CI: 2.30
to 2.48).

SUBGROUP ANALYSIS AND LANDMARK ANALYSIS.
Patients with cancer showed a consistently higher
risk of AF development across all subgroups
(Figure 3). Although subgroup analyses demonstrated
that the absolute incidence of AF was higher in those
with established AF risk factors (older age, DM, hy-
pertension, CKD, obesity, and smoking) compared
with patients without cancer, the relative hazard of
AF in cancer patients was greater in those without AF
risk factors.

Figure 4 shows the incidence of AF stratified by age
into 5 groups and major cancer types. Multiple
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FIGURE 4 AF Incidence According to the Type of Cancer and Age
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(A) Atrial fibrillation (AF) incidence according to age in patients with hematologic malignancies; (B) AF incidence according to age in patients with major solid ma-
lignancies. In A, multiple myeloma showed the highest incidence of AF in the >35 years of age group and a steep rise with increasing age. In B, lung cancer showed the
highest AF incidence in the >50 years of age group, and liver cancer showed the highest AF incidence in the <50 years of age group.

myeloma showed the highest incidence of AF in the
>35 years of age group among hematologic malig-
nancies. Among the major types of solid malig-
nancies, lung cancer showed the highest AF incidence
in the >50 years of age group, and liver cancer
showed the highest incidence of AF in the <50 years
of age group. Other types of cancer stratified by age
are presented in Supplemental Table 4.

Table 3 shows the results of the landmark analyses.
In the landmark analysis performed 90 days after
cancer diagnosis, the cancer cohort consistently
showed a higher risk of AF than the noncancer control
cohort (adjusted subdistribution HR: 1.56; 95% CI:
1.54 to 1.59). The impact of the risk of AF declined
with time from cancer diagnosis but remained sig-
nificant. Patients with cancer showed a 44% higher
risk of AF development (adjusted subdistribution HR:
1.44; 95% CI: 1.42. to 1.47) 1 year after cancer diag-
nosis and an 8% higher risk of AF (adjusted sub-
distribution HR: 1.08; 95% CI: 1.03 to 1.12) 5 years
after cancer diagnosis. Table 4 shows the results of
the landmark analysis according to the type of cancer.

In all types of cancer, the impact of cancer on AF
incidence attenuated with time after cancer diag-
nosis. Moreover, many cancers were not significantly
associated with an increased incidence of AF 5 years
after cancer diagnosis, except for patients with he-
matologic malignancies (multiple myeloma, leuke-
mia, and lymphoma), lung,

liver, renal, and

gynecologic cancers.

DISCUSSION

In this large population-based study, we found that:
1) patients with a history of cancer had a higher risk of
AF compared with those without; 2) the risk of AF
varies depending on the type of cancer (Central
Illustration); 3) among various types of cancer, he-
matologic malignancies, including lymphoma, leu-
kemia, and multiple myeloma, and intrathoracic
malignancies, including lung cancer and esophageal
cancer, and CNS cancer were associated with a more
than 2-fold increased risk of AF compared with the
noncancer control group; and 4) the association
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between cancer and the risk of AF declines with time
after a cancer diagnosis, although hematologic ma-
lignancies (multiple myeloma, leukemia, and lym-
phoma), lung, liver, renal, and gynecologic cancers
showed a persistently increased risk of AF 5 years
after cancer diagnosis.

AF is important in the context of cancer. Patients
with cancer and new onset AF showed a 2-fold
increased risk of thromboembolism and a 6-fold
increased risk of heart failure (19). Therefore, AF is
an important comorbidity that needs to be detected
and controlled in patients with cancer. Previous
studies have reported that patients with cancer have
an increased risk of AF (9-11). Indeed, a recent meta-
analysis reported a 47% increased risk of AF in pa-
tients with cancer (odds ratio: 1.47; 95% CI: 1.31 to
1.66) (9). Furthermore, a population-based study in
Denmark reported a 1.4-fold increase in incident AF
in patients with cancer compared with the general
population (10). In addition, patients with cancer but
without active treatment were associated with a 20%
increased risk of AF (odds ratio: 1.19; 95% CI: 1.02 to
1.38) (11). In line with previous studies, we found that
patients diagnosed with cancer had a 63% higher risk
of AF compared with the age- and sex-matched
noncancer control subjects. To the best of our
knowledge, we analyzed the largest number of pa-
tients with a history of cancer and provide definitive
data regarding the association between cancer and
the risk of AF. Notably, we found that the risk of
incident AF varies depending on the type of cancer.
Hematologic malignancies, such as lymphoma, leu-
kemia, and multiple myeloma, have a higher risk of
incident AF. In contrast, breast, colorectal, stomach,
thyroid, and prostate cancers showed a relatively
lower risk of AF. Recently, a Danish population-based
study also showed varying risks of AF according to
cancer type (10). In this study, lung cancer showed
the highest risk of AF, with an HR of 3.16 (95% CI:
3.04 to 3.30). Patients with upper gastrointestinal
cancer or CNS cancer had a more than 2-fold
increased risk of AF.

There are several explanations for the high risk of
AF observed in patients with cancer. First, cancer and
AF share common risk factors, with age shown to be
the strongest risk factor for both AF and cancer
(17,20). Smoking, alcohol use, and obesity are also
risk factors for both diseases (5,17). However, we
found that patients with a history of cancer had a
higher risk of AF even after adjustment for these
factors, which suggests that another mechanism may
be responsible for the increased risk of AF in patients
with cancer. cancer

Second, many therapies,
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and 5 Years After a Cancer Diagnosis

TABLE 3 Landmark Analysis: Risk of Atrial Fibrillation at 90 Days, 1 Year,

Noncancer Cancer
Control Subjects Patients
90 days
Number 1,631,826 813,650
Events 30,326 23,005
Duration, person-years 8,392,491 3,612,754
Time to event, yrs 3.11 (1.58-4.92) 1.61 (0.88-3.21)
Incidence* 3.61 6.37
Model 1: Subdistribution HR (95% Cl) Reference 1.57 (1.54-1.59)
Model 2: Subdistribution HR (95% CI) Reference 1.56 (1.54-1.59)
Tyr
Number 1,623,932 790,183
Events 26,800 18,180
Duration, person-years 7,165,685 3,006,675
Time to event, yrs 2.74 (1.32-4.40) 1.25 (0.60-3.08)
Incidence* 3.74 6.05
Model 1: Subdistribution HR (95% Cl) Reference 1.45 (1.42-1.48)
Model 2: Subdistribution HR (95% CI) Reference 1.44 (1.42-1.47)
5 yrs
Number 952,163 374,557
Events 8,187 2,982
Duration, person-years 1,802,692 683,875
Time to event, yrs 1.21 (0.56-2.05) 1.16 (0.53-1.98)
Incidence* 4.54 4.36
Model 1: Subdistribution HR (95% CI) Reference 1.09 (1.04-1.14)
Model 2: Subdistribution HR (95% Cl) Reference 1.08 (1.03-1.12)

1,000 person-years.
Abbreviations as in Table 2.

Values are median (interquartile range), unless otherwise indicated. Death was considered a
competing risk in Fine and Gray's competing risk regression model. Model 1: adjusted for age and
sex; model 2: adjusted for age, sex, smoking, drinking, regular exercise, socioeconomic status,
diabetes mellitus, hypertension, dyslipidemia, body mass index, and chronic kidney disease. *Per

including surgery and systemic treatment, are asso-
ciated with new onset AF. Considering that most
postoperative AF occurred during the first post-
operative week, we used landmark analysis at
90 days to exclude the impact of postoperative AF
(21). In addition to postoperative AF, anti-cancer
drugs such as anthracyclines, melphalan, and ibruti-
nib are associated with atrial remodeling acting as an
AF substrate (22,23). Hematopoietic stem cell trans-
plantation, a key treatment strategy for hematologic
malignancies, is associated with the development of
AF (24). With infusion, patients may also receive
large volume loads with cancer therapy. Third,
inflammation may be another possible mechanism.
Indeed, chronic inflammation may lead to carcino-
genesis, and inflammation is also thought to be
associated with the development of AF (5). Moreover,
C-reactive protein, a representative inflammatory
marker, is increased in patients with AF, and its level
is correlated with AF burden (25). Other inflammatory
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TABLE 4 Landmark Analysis: Risk of Atrial Fibrillation 90 Days, 1 Year, and 5 Years After a Cancer Diagnosis Compared With Noncancer

Control Subjects

90 Days After a Cancer Diagnosis

Subdistribution Subdistribution
HR (95% CI) HR (95% CI)
Event/No. Incidence* Model 1 Model 2

All 30,326/1,631,826 3.61 Reference Reference
Stomach 3,111/124,058 5.28 1.14 (1.10-1.18) 1.14 (1.10-1.19)
Colorectal 3,010/101,220 6.26 1.40 (1.35-1.45) 1.38 (1.33-1.43)
Liver 1,741/46,255 n.14 1.82 (1.74-1.92) 1.79 (1.70-1.88)
Pancreatic 535/14,930 14.30 1.59 (1.46-1.74) 1.58 (1.45-1.73)
Lung 2,785/49,115 17.48 2.27 (2.18-2.36) 2.32(2.23-2.41)
Breast 1,068/80,920 2.82 1.46 (1.38-1.56) 1.48 (1.39-1.58)
Gynecologic 519/31,420 3.59 1.53 (1.40-1.67) 1.52 (1.40-1.66)
Thyroid 1,779/153,750 217 1.26 (1.20-1.32) 1.27 (1.21-1.33)
Non-Hodgkin lymphoma 480/12,130 9.55 2.29 (2.09-2.50) 2.30 (2.10-2.52)
Prostate 1,271/28,930 8.70 1.31 (1.24-1.39) 1.31 (1.23-1.38)
Head & Neck 420/11,613 8.35 1.74 (1.58-1.92) 1.74 (1.58-1.92)
Esophagus 417/6,503 18.18 2.46 (2.23-2.71) 2.49 (2.25-2.75)
Biliary 513/12,070 12.90 1.66 (1.52-1.82) 1.65 (1.51-1.82)
Renal 461/14,549 6.87 1.94 (1.77-2.13) 1.81 (1.65-1.99)
Bladder cancer 611/13,999 9.17 1.58 (1.46-1.72) 1.57 (1.45-1.70)
CNS cancer 342/8,218 11.04 2.64 (2.37-2.94) 2.62 (2.35-2.92)
Multiple myeloma 282/4,034 19.95 3.36 (2.99-3.79) 3.29 (2.92-3.70)
Leukemia 374/8,531 12.92 2.69 (2.43-2.98) 2.69 (2.42-2.98)
Melanoma 68/1,961 8.23 1.75 (1.37-2.22) 1.73 (1.36-2.19)

TABLE 4 Continued

1 Year After a

Cancer Diagnosis

5 Years After a Cancer Diagnosis

ribution

HR (95% CI)

ribution

HR (95% CI)

cuhdi P :
ribution

HR (95% CI)

ribution

HR (95% CI)

Event/No. Incidence* Model 1 Model 2 Event/No. Incidence* Model 1 Model 2

All 790,183/1,623,932 3.74 Reference Reference 8,187/952,163 4.54 Reference Reference
Stomach 2,566/121,244 517 1.08 (1.04-1.13) 1.08 (1.04-1.13)  603/64,024 4.97 0.97 (0.89-1.05) 0.96 (0.88-1.04)
Colorectal 2,379/99,580 5.88 1.26 (1.21-1.32)  1.24 (1.19-1.29)  496/51,654 5.21 1.02 (0.93-1.12) 0.99 (0.91-1.09)
Liver 1,359/42,841 11.10 1.75 (1.65-1.85)  1.70 (1.61-1.8) 155/12,676 7.21 1.48 (1.26-1.74)  1.44 (1.23-1.70)
Pancreatic 387/13,408 14.54 1.47 (1.33-1.63)  1.46 (1.32-1.62) 18/1,893 5.52 1.10 (0.69-1.75) 1.09 (0.68-1.72)
Lung 2,154/46,033 17.48 2.13(2.03-2.23) 217 (2.07-2.27)  168/11,795 8.59 1.46 (1.25-1.70)  1.47 (1.26-1.71)
Breast 868/80,577 2.73 1.38 (1.29-1.48) 1.40 (1.30-1.50)  145/38,869 2.08 0.99 (0.84-1.17) 1.00 (0.84-1.18)
Gynecologic 419/31,079 3.46 1.44 (1.31-1.59)  1.44 (1.30-1.58) 92/14,650 3.40 140 (1.13-1.72)  1.38 (1.12-1.70)
Thyroid 1,389/153,277 1.97 1.13 (1.07-1.19)  1.13 (1.07-1.20)  363/98,020 2.02 1.06 (0.95-1.18) 1.05 (0.94-1.18)
Non-Hodgkin lymphoma 380/11,681 9.22 2.18 (1.96-2.41) 2.19 (1.97-2.42) 50/4,868 5.58 1.51 (1.14-1.99)  1.51 (1.14-1.99)
Prostate 1,041/28,570 8.36 1.19 (1.11-1.26)  1.18 (1.11-1.26) 24717137 8.07 0.93 (0.81-1.05) 0.92 (0.81-1.05)
Head & Neck 337/11,366 8.10 1.60 (1.43-1.78) 1.59 (1.43-1.78) 50/4,957 5.63 1.11 (0.84-1.47) 1.09 (0.83-1.45)
Esophagus 314/6,021 17.26 2.23 (1.99-2.50) 2.24 (2.00-2.51) 31/2,007 8.90 1.39 (0.97-1.97) 1.36 (0.96-1.94)
Biliary 398/11,259 12.88 1.55 (1.40-1.71)  1.54 (1.39-1.70) 36/3,026 6.79 1.08 (0.77-1.51)  1.07 (0.76-1.49)
Renal 359/14,333 6.39 1.74 (1.57-1.94) 1.64 (1.47-1.82) 74/6,984 5.89 1.46 (1.15-1.84)  1.36 (1.08-1.72)
Bladder cancer 502/13,787 8.94 1.47 (1.35-1.61)  1.46 (1.33-1.60) 91/7,292 6.86 1.00 (0.81-1.23) 0.99 (0.80-1.22)
CNS cancer 247/7,867 9.92 2.29 (2.01-2.60) 2.28 (2.00-2.59) 20/2,696 4.10 1.25 (0.80-1.96) 1.25 (0.80-1.96)
Multiple myeloma 227/3,843 20.36  3.19(2.79-3.65) 3.12 (2.73-3.57) 341,087 20.14  3.76 (2.68-5.30) 3.67 (2.61-5.16)
Leukemia 298/7,996 13.15 2.66 (2.37-2.99) 2.65 (2.36-2.98) 23/2,343 5.47 1.74 (1.14-2.63)  1.72 (1.13-2.61)
Melanoma 53/1,928 7.80 1.57 (1.20-2.06) 1.56 (1.19-2.04) 9/796 6.89 117 (0.59-2.35)  1.14(0.57-2.29)

Death was considered a competing risk in Fine and Gray's competing risk regression model. Model 1: adjusted for age and sex; model 2: adjusted for smoking, drinking, regular
exercise, socioeconomic status, diabetes mellitus, hypertension, dyslipidemia, body mass index, and chronic kidney disease. *Per 1,000 person-years.

Abbreviations as in Table 2.
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markers, such as interleukin-6 and tumor necrosis
factor o, are also known to be related to AF (26,27).
Previous studies have examined the AF risk in
chronic inflammatory disease and have found a sig-
nificant relationship with a higher risk of AF (28-32).
Fourth, the autonomic nervous system imbalance,
paraneoplastic syndromes, or direct invasion of tu-
mors into cardiac structures may also be possible
causes for this association (33). These multifactorial
factors may also be responsible for the varying risks
of developing AF according to the type of cancer. In
our study, hematologic malignancies tended to have
a higher risk of AF than nonhematologic malig-
nancies. Several possible mechanisms could explain
this finding. It is likely that the difference in treat-
ment modalities will have affected the occurrence of
AF (24). Doxorubicin, melphalan, and ibrutinib are
associated with incident AF, and these anticancer
drugs are more commonly prescribed for hematologic
malignancies (34-36). Moreover, inflammation is
likely to have an impact on the risk of AF in patients
with hematologic malignancies (37).

In previous studies, the long-term effect of cancer
on the development of AF has been controversial. In a
large population-based Danish study, patients with a
diagnosis of colorectal cancer were more likely to
develop AF within 90 days of diagnosis than the
general population, although this was not the case
beyond this initial 90-day period (38). Another Danish
population-based study reported that the association
between overall cancer and AF was highest within the
first 90 days, but it remained significant over time
(10). Our study showed a significant AF risk even
excluding AF that occurred within 90 days of diag-
nosis. The impact of cancer on the incidence of AF
declined but remained significant over time. Some
types of cancer, including hematologic malignancies
(multiple myeloma, leukemia, and lymphoma), lung,
liver, renal, and gynecologic cancers, are a persistent
risk of AF even 5 years after a cancer diagnosis, but
other types of cancer are not. It may be that other risk
factors influence AF risk in the longer term.

Considering the high risk of AF in patients with he-
matologic malignancies, intrathoracic malignancies,
and CNS cancer, physicians might consider more
intensive screening in these subgroups. However, it is
unclear whether routine screening could improve
outcomes. Additional study is needed to clarify this.
Knowledge gaps also include the association between
AF and risk of subsequent adverse cardiovascular
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outcomes, including death, as well as optimal man-
agement strategies.

STUDY LIMITATIONS. First, specific information on
the stage of cancer, responsiveness to treatment,
treatment strategy, and biomarkers were not acces-
sible in the claims database. This may have impacted
our results, given that treatment strategies, such as
chemotherapeutic agents, radiation, and surgery,
can affect the risk of AF. Although we performed a
landmark analysis using 90 days after the cancer
diagnosis, all postoperative AF could not be ruled
out because of the limitations of claims data. We
have also not identified the association between
each treatment type and AF in patients with cancer.
Further research could be helpful to identify
whether specific treatment groups affect the devel-
opment of AF, especially in patients with hemato-
logic malignancies. Second, misclassification of the
diagnosis based on the ICD code is possible. How-
ever, the diagnosis of cancer is based on both the
ICD-10 code and V193 (cancer-specific insurance
claim code), and any misclassification bias on cancer
diagnosis is considered to be small. Moreover, the
diagnosis of AF was validated in a previous study,
which reported a positive predictive value of 94.1%
when using ICD-10 codes in the Korean NHIS data-
base (39). Third, the cumulative incidence curves
were plotted without considering death as a
competing risk. However, death was considered a
competing risk in Fine and Gray’s competing risk
regression model. Fourth, the study included only
the Korean population; therefore, extrapolation to
other races should be performed with caution.
Nevertheless, this study includes the largest number
of patients with cancer and revealed an association
between cancer and the risk of AF. Last, we did not
observe outcomes such as mortality, heart failure, or
thromboembolic events in patients with cancer and
AF. Further studies are needed to evaluate the
impact of AF on the outcomes of patients with can-
cer. Two prospective cohort studies are ongoing to
verify the outcome and effectiveness of using
anticoagulants in patients with cancer and AF
(NCT03909386 and NCT04508855).

CONCLUSIONS

Patients with cancer showed a higher risk of AF than
the general population, and the risk on AF develop-
ment varied according to cancer type. An increased
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Subjects, and Cancer Type

CENTRAL ILLUSTRATION AF Risk According to Cancer, as Compared With Noncancer Control

compared with

Patients diagnosed with cancer (n=816,811)

1:2 age and sex matched control (n=1,633,663)

Cancer associated with increased risk of AF
Adjusted subdistribution HR 1.63, 95% CI 1.61-1.66

Cumulative Hazard

; O.IOZ 0i03 0i04 0.|05 OiOG

0.00 0.01

= Cancer
= Noncancer Controls

Log rank p<0.001

i
4

6

Years after Cancer Diagnosis

Increased AF risk according to malignancy type

Type of cancer  Number  Events Timetoevent Incidence* HR (95% CIyt

Multiple myeloma 4,058 299 174 19.76 ' —— 334
Esophagus 6,587 481 145 1959 . —a— 2.69
Leukemia 8,563 384 175 1237 —— 264
CNS 8241 360 15 10.91 H — 262
Lung 49,435 3,017 1.57 1759 . - 239
Non-Hodgkin lymphoma 12,166 502 179 9.43 . —— 229
Renal 14,608 520 164 §7:35] ' —— 1.91
Liver 46,601 1,896 1.63 1.30 H HH 1.83

Head & neck 11,638 442 174 8.32 E —— 1.76
Melanoma 1,964 70 PAI 8.00 ro—e— 1.69
Biliary 12,125 546 155 12.77 0 - 1.67
Pancreatic 15,020 578 147 1406 ! - 161
Bladder 14,039 650 197 9.27 . = 3 1.60
Breast 81,066 1,212 176 3.04 . =2 1.59
Gynecologic 31,474 566 1.89 372 0 i 1.56
Colorectal 101,603 3.356 1.8 6.64 ! - 145
Prostate 29,010 1,349 2.07 880 ; mm 1.34
Thyroid 153,923 1,949 195 2.27 . om 132
Stomach 124,740 3,691 1.81 5.96 ] 127

All 816,811 25,356 172 6.65 5 ] 163

1 2 3 4
HR

Yun, J.P. et al. J Am Coll Cardiol CardioOnc. 2021;3(2):221-32.

816,811 patients who were diagnosed with cancer from the Korean National Health Insurance Service database between 2009 and 2016 were
compared to 1,633,663 age-and sex-matched non-cancer control subjects (1:2). In multivariable Fine and Gray's regression analysis, cancer
was an independent risk factor for incident AF (adjusted subdistribution hazard ratio [aHR]: 1.63; 95% confidence interval [CI]: 1.61 to 1.66).
All types of cancer show an increased risk of AF compared with the control group, but the risk of AF varied depending on the type of cancer.
Death was considered a competing risk in Fine and Gray's competing risk regression models. The time to event for subjects having AF
presented as the median (years). *Per 1000 person-years. TAdjusted for age, sex, smoking, drinking, regular exercise, socioeconomic status,
diabetes mellitus, hypertension, dyslipidemia, BMI, and chronic kidney disease.
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risk of AF should be considered when treating pa-

tients with cancer.
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PERSPECTIVES

COMPETENCY IN PATIENT CARE: Patients with cancer are at
a higher risk of incident AF than patients without cancer. The
impact of cancer on the incidence of AF incidence varies ac-
cording to the type of cancer. Hematologic malignancies (mul-
tiple myeloma, leukemia, and lymphoma), intrathoracic
malignancies (lung cancer and esophageal cancer), and CNS

in specific populations.
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cancers showed a higher incidence of AF than the general pop-
ulation. Physicians and patients should be aware of these risks.

TRANSLATIONAL OUTLOOK: Further studies are needed to
identify the predictors of AF, especially in patients with hema-
tologic malignancies. Future studies are also needed to deter-
mine whether routine AF screening results in improved outcomes
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