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Background: The risk of comorbidity of cancer is increased in atrial fibrillation
(AF) patients, which is a massive challenge for clinical management in
cardiovascular settings. This study aimed to analyze whether cancer affects
the decision of radiofrequency ablation and to explore the efficacy and safety
of radiofrequency ablation in AF patients with cancer.

Methods: We conducted a retrospective cohort study of patients who were first
diagnosed AF and identified who were with cancer. The propensity score
matching method was utilized to balance the differences between the cancer
and non-cancer groups. Logistic regression analysis was used to study the
related factors affecting the ablation of AF. Cox regression analysis was used
to evaluate the effect of cancer on the recurrence of AF after
radiofrequency ablation.

Results: Among 9,159 patients who were first diagnosed AF, the prevalence of
cancer was 4.48%. Cancer did not affect the decision of rhythm intervention
in AF patients (P =0.46). There was no significant difference in the incidence
of perioperative complications, bleeding events, and embolization events
between cancer and non-cancer groups (P=1.000). The median follow-up
time was 342 (293,866) days, and 45 patients had AF recurrence. Multivariable
Cox regression showed no statistically significant relationship between
concomitant cancer and AF recurrence after radiofrequency ablation (hazard
ratio = 0.82, 95% confidence interval 0.36-1.83, P = 0.62).

Conclusions: The combination of cancer did not affect the decision of patients
to perform ablation therapy. Radiofrequency catheter ablation could be used as
a strategy to maintain long-term sinus rhythm in patients with concomitant
cancer without affecting AF recurrence.

KEYWORDS

atrial fibrillation, cancer, catheter ablation, rhythm intervention, recurrence

Abbreviations
AF, atrial fibrillation; CI, confidence intervals; HR, hazard ratio; LAD, left atrial diameter; LVEF, left
ventricular ejection fraction; OR, odds ratio; PSM, propensity score matching.
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1 Introduction

Atrial fibrillation (AF) is a prevalent arrhythmia, affecting around
1.5%-2% of the general population (1, 2). There exists a notable
bidirectional relationship between cancer and AF, with cancer
patients, especially older individuals or those with pre-existing
cardiovascular risk factors, experiencing a significant increase in the
incidence and prevalence of AF (3-5). Similarly, individuals with
AF have an elevated risk of developing cancer compared to the
general population (6, 7). Possible mechanisms include atrial
remodeling due to proinflammatory states, autonomic nervous
dysfunction, paraneoplastic syndrome, electrolyte abnormalities, and
direct damage of cardiomyocytes due to anticancer therapy, surgery,
or cancer metastasis (8-11). Patients with AF and cancer have a
notably poorer prognosis compared to those with AF but without
cancer, facing a 2-fold higher risk of thromboembolic events and a
6-fold higher risk of heart failure (12, 13).

Catheter ablation can be a viable first-line treatment for certain
AF patients. This includes those who do not respond to
antiarrhythmic  drug therapy, have contraindications to
medication, or have heart failure with a reduced ejection fraction
(14). It’s important to carefully consider rhythm intervention in
AF patients with cancer, as the combination of antiarrhythmic
drugs and specific targeted drugs may impact drug
concentrations and increase the risk of arrhythmias. For instance,
evidence revealed that tyrosine kinase inhibitors increase drug
concentrations by impairing the cytochrome P-450 metabolic
pathway or inhibiting P-glycoprotein-mediated transport (15). In
addition, AF patients with cancer are more likely to develop
arrhythmias such as QT prolongation and bradycardia, which
further limits the use of antiarrhythmic drugs in this population
(15). However, there may be underutilization of catheter ablation
in AF patients with cancer due to concerns about the
inflammatory status, use of potentially cardiotoxic drugs, and
increased complication rates.

This study aims to evaluate the baseline characteristics and
rhythm intervention choice for AF patients with cancer,
determine the impact of cancer on the decision for catheter
ablation, and assess the efficacy and safety of catheter ablation

for AF in cancer patients.

2 Materials and methods
2.1 Study participants

We included patients who were hospitalized and first
diagnosed with non-valvular AF in the Arrhythmia Center of the
First Affiliated Hospital of Dalian Medical University from
March 1, 2011, to July 1, 2023.

We initially recruited patients who were 18 years of age or
older at the time of the hospitalization and had non-valvular AF
as the primary diagnosis. We further excluded patients with
other types of arrhythmias with indications for catheter ablation,
such as atrial flutter, supraventricular tachycardia, preexcitation
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syndrome, premature ventricular complexes, and ventricular
tachycardia and patients who underwent atrioventricular node
ablation and pacemaker implantation during their current
hospitalization. We also excluded patients with missing data for
the essential covariates.

2.2 Ethics statement

This study was conducted in accordance with the Declaration
of Helsinki of 2013. The requirement for informed consent was
waived as this study was a retrospective analysis. Also, the study
was approved by the institutional review board of the First
Affiliated Hospital of Dalian Medical University (Reference No:
PJ-KS-KY-2023-333).

2.3 Data collection and definition

We retrospectively retrieved clinical data from the electronic
medical record and YiDuloud Electronic Medical
Surveillance Network database at First Affiliated Hospital of
Dalian Medical University. Medical records of finally included
patients were comprehensively reviewed by professional medical
staff.  The data
demographic information (date of birth, gender, date of admission,

system

retrieved  patient-related  clinical included
date of discharge, etc.), physical examination indicators (systolic
blood pressure, diastolic blood pressure), lifestyle (smoking history,

drinking history), laboratory indexes (blood lipid, blood glucose,

liver function, kidney function, electrolyte, blood routine,
coagulation indicator, thyroid function, B-type natriuretic
peptide), examination indicators (electrocardiogram, Holter,

echocardiography), major cardiovascular diseases (hypertension,
coronary heart disease, chronic heart failure, stroke, peripheral
artery disease), major cardiovascular risk factors (type 2 diabetes,
chronic kidney disease, hyperthyroidism, hypothyroidism, venous
thromboembolism, and chronic obstructive pulmonary disease),
and medication use (antihypertensive drugs, lipid-lowering drugs,
antiplatelet drugs, hypoglycemic drugs, antiarrhythmic drugs and
anticoagulant drugs).

For AF patients with cancer, we further collected cancer types
(various solid tumors, hematological malignancies), anticancer
treatments (surgery, chemotherapy, radiation therapy), and
cancer status (active cancer and history of cancer). Active cancer
included untreated cancer, metastatic cancer, and cancer
undergoing treatment.

The choice of rhythm intervention treatment for AF patients is
divided into two categories: drug-conservative treatment and

radiofrequency catheter ablation treatment.

2.4 AF catheter ablation procedure
For all AF patients who underwent radiofrequency ablation,

preoperative transesophageal echocardiography was performed to
exclude left atrial thrombus and left atrial auricular thrombus.
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Pulmonary venous CT was performed to determine the pulmonary
venous anatomy. The left atrial and pulmonary vein 3D models
were reconstructed on Carto3 or Ensite NavX 3D electrical
anatomical mapping system. Annular electrical isolation of
bilateral pulmonary veins was performed until the pulmonary
vein potential disappeared. If necessary, linear ablation, complex
fractionated electrogram ablation, or ablation in low voltage areas
was performed. Synchronous electrical cardioversion to sinus
rhythm would be performed if the patients still had AF after
these procedures. After 30 min of observation, the bidirectional
ablation block was verified, and no tachycardia was detected by
electrophysiological examination.

All AF patients who underwent radiofrequency ablation were
followed up in the arrhythmia clinic in the 3rd month, 6th
month, 12th month after discharge, and every year. The
symptoms and medications were evaluated in the outpatient
clinic, and the 24-h holter was completed. If patients had
tachycardia-related symptoms such as palpitation, chest distress,
and shortness of breath outside the outpatient follow-up time, a
12-lead electrocardiogram or 24-h Holter examination was
performed to determine whether AF recurrence occurred. The
blanking period was 3 months after ablation, and recurrence of
AF was defined as any tachyarrhythmia of 30s or more that
occurred after the blanking period, including AF, atrial flutter,
and atrial tachycardia.

2.5 Data analysis and statistical methods

Normally distributed numeric variables are presented as
mean * standard deviation, and an independent sample t-test
was used to compare the two groups. Non-normally distributed
continuous variables were represented by median (interquartile
distance), and the Mann-Whitney U-test compared the two
groups. Categorical variables were expressed by frequency
(percentage), and group comparisons were made using the
chi-square test.

Univariate and multivariable logistic regression analyses were
used to study the related factors affecting the ablation of AF and
to calculate their odds ratio (OR) and 95% confidence intervals
(CI). Attention was paid to whether the combination of cancer
had an impact on the choice of rhythm intervention.

The propensity score matching (PSM) method was utilized to
balance the differences between the cancer and non-cancer
groups. All covariates were indicators with significant differences
between the two groups at baseline. The nearest number
matching method was selected for 1:1 matching, and the Caliper
value was set to 0.2 (i.e., the difference in propensity score value
of each pair of successfully matched patients was <0.2). A total
of 820 patients were included in the post-PSM analysis, including
410 patients with cancer and 410 patients without cancer, and
univariate and multivariable logistic regression analysis was
performed again after PSM. In a subgroup comprising 410
patients combined with cancer, we further compared the baseline
characteristics between the radiofrequency ablation group and the
conservative treatment group. Then, we conducted univariate and
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multivariable logistic regression analysis to explore related factors
affecting the ablation of AF in the cancer population.

A total of 93 patients with cancer and 2,910 patients without
cancer who underwent AF radiofrequency ablation were matched
with propensity scores. The balance between the two groups
was comparable except for coronary heart disease and
hyperlipidemia. Finally, 92 patients with cancer and 92 patients
without cancer were included in post-PSM analysis. Kaplan-
Meier curve and log-rank test were used to compare the
difference in AF recurrence rate between the two groups. The
Cox proportional hazards regression model was used to evaluate
the effect of cancer on the recurrence of AF after radiofrequency
ablation, and the hazard ratio (HR) and 95% CI were calculated.
Model 1 was adjusted for age and sex, and model 2 was adjusted
for age, sex, types of AF, left atrial diameter (LAD), coronary
artery disease, and hyperlipidemia.

Data analysis was carried out using SPSS version 25.0 and R
version 4.3.0. All statistical analysis was two-sided; a P-value < 0.05

was considered statistically significant.

3 Results

3.1 Prevalence and distribution of cancer in
AF patients

A total of 9,159 AF patients were included in this study, of
which 410 were diagnosed with cancer, and the prevalence of
cancer in AF patients was 4.48%. Among 410 AF patients with
cancer, 42 had active cancer, accounting for 10.24%. Among
them, 361 patients combined with one type of cancer, accounting
for 88.05%, and 47 patients combined with two types of cancer,
accounting for 11.46%. Two patients had three types of cancer,
accounting for 0.49%. Breast, lung, thyroid, colon, gastric, and
rectal cancers were the most common cancer types among AF
patients hospitalized in the Arrhythmia Center of our hospital.
This distribution of cancer types aligns with the findings
previously published by our research team (16).

3.2 Comparison of baseline characteristics
between AF patients with cancer and
without cancer before PSM

As shown in Table 1, patients with cancer were older and had a
lower proportion of males than those without cancer. In laboratory
tests, cancer patients had lower levels of hemoglobin count, platelet
count, total cholesterol, triglyceride, low-density lipoprotein
cholesterol, high-density lipoprotein cholesterol and estimated
glomerular filtration rate. Among the coagulation indicators, the
fibrinogen level in AF patients with cancer was higher than that
in the general AF population. In cardiovascular and related
disease histories, patients with AF and cancer often suffered from
hypertension, type 2 diabetes, chronic kidney disease, and venous
thromboembolism. In contrast, the prevalences of coronary heart
heart failure, stroke, artery disease,

disease, peripheral
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TABLE 1 Baseline characteristics between AF patients with cancer and without cancer before PSM.

Variables

Total (n =9,159)

No Cancer (n = 8,749)

Cancer (n = 410)

10.3389/fcvm.2024.1506143

P-value

Frontiers in Cardiovascular Medicine
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Age, years 65.72 (11.35) 65.46 (11.38) 71.18 (9.18) <0.001 0.623
Male, n (%) 5,328 (58.17) 5,117 (58.49) 211 (51.46) 0.005 —0.141
Hospital stays, days 6.28 (3.96) 6.28 (3.95) 6.19 (4.06) 0.64 —0.023
Smoking, n (%) 1,790 (19.77) 1,725 (19.96) 65 (15.89) 0.044 —0.106
Drinking, n (%) 1,240 (13.7) 1,191 (13.78) 49 (11.98) 0.30 —0.051
SBP, mmHg 134.17 (19.06) 134.14 (19.07) 134.70 (18.85) 0.57 0.029
DBP, mmHg 81.47 (16.58) 81.52 (16.72) 80.43 (13.23) 0.19 —0.082
Hemoglobin count, g/L 140.79 (16.43) 141.08 (16.29) 134.43 (17.98) <0.001 —0.370
Platelet count, x109/L 200.38 (50.54) 200.68 (50.24) 193.89 (56.20) 0.008 —0.121
NLR 1.86 (1.46, 2.40) 1.86 (1.46, 2.39) 1.86 (1.59, 2.67) 0.002 0.099
TC, mmol/L 4.57 (0.77) 4.58 (0.77) 4.47 (0.75) 0.005 —0.146
TG, mmol/L 1.43 (0.71) 1.44 (0.72) 1.35 (0.53) 0.015 —0.164
LDL-C, mmol/L 2.58 (0.56) 2.58 (0.56) 2.49 (0.55) 0.002 —0.163
HDL-C, mmol/L 1.21 (0.24) 1.21 (0.24) 1.18 (0.24) 0.021 -0.113
ALT, TU/L 28.63 (48.69) 28.85 (49.71) 24.03 (14.42) 0.050 -0.334
AST, TU/L 26.40 (47.03) 26.50 (48.06) 24.35 (10.98) 0.37 —0.196
eGFR, ml/min/1.73m” 87.20 (23.56) 87.34 (23.47) 84.08 (25.34) 0.011 —0.129
SUA, pumol/L 364.03 (93.86) 364.40 (93.96) 356.11 (91.38) 0.080 —0.091
K*, mmol/L 4.02 (0.39) 4.02 (0.39) 4.05 (0.44) 0.080 0.083
Na*, mmol/L 141.91 (2.66) 141.92 (2.64) 141.54 (3.08) 0.013 —0.125
Mg2+, mmol/L 0.93 (0.09) 0.93 (0.09) 0.92 (0.09) 0.20 —0.082
FBG, mmol/L 5.77 (1.81) 5.76 (1.81) 5.90 (1.79) 0.26 0.075
Coagulation indicators
TT, s 21.37 (19.17) 21.38 (19.20) 21.23 (18.63) 0.89 —0.008
PT, s 13.61 (6.30) 13.61 (6.34) 13.48 (5.33) 0.69 —0.026
APTT, s 28.20 (9.40) 28.12 (7.27) 30.00 (28.44) 0.21 0.066
Fib, g/L 2.84 (0.69) 2.83 (0.68) 2.98 (0.87) <0.001 0.173
TSH, mIU/L 2.69 (3.33) 2.67 (2.98) 3.12 (7.64) 0.28 0.060
BNP, ng/L 189.83 (264.05) 188.94 (266.06) 208.77 (216.19) 0.14 0.092
Echocardiographic parameters
LAD, mm 40.58 (5.97) 40.58 (5.99) 40.55 (5.64) 0.94 —0.005
LVEDD, mm 48.14 (5.71) 48.16 (5.73) 47.64 (5.29) 0.14 —0.098
LVEF,% 55.18 (7.56) 55.16 (7.61) 55.61 (6.46) 0.33 0.069
Previous history, n (%)
HTN 5,181 (56.57) 4,918 (56.21) 263 (64.15) 0.002 0.165
CHD 3,321 (36.26) 3,186 (36.42) 135 (32.93) 0.15 —0.074
HF 2,296 (25.07) 2,179 (24.91) 117 (28.54) 0.097 0.080
Stroke 945 (10.32) 897 (10.25) 48 (11.71) 0.34 0.045
PAD 157 (1.71) 154 (1.76) 3(0.73) 0.12 —0.121
Dyslipidemia 5,624 (61.4) 5,376 (61.45) 248 (60.49) 0.70 —0.020
T2DM 1,846 (20.16) 1,739 (19.88) 107 (26.10) 0.002 0.142
CKD 851 (9.29) 793 (9.06) 58 (14.15) <0.001 0.146
Hyperthyroidism 182 (1.99) 173 (1.98) 9 (2.20) 0.76 0.015
Hypothyroidism 119 (1.3) 112 (1.28) 7 (1.71) 0.46 0.033
VTE 28 (0.31) 24 (0.27) 4 (0.98) 0.04 0.071
COPD 68 (0.74) 65 (0.74) 3 (0.73) 1.000 —0.001
Types of AF, n (%) 0.78
PaAF 5,277 (57.62) 5,038 (57.58) 239 (58.29) 0.014
PeAF 3,882 (42.38) 3,711 (42.42) 171 (41.71) -0.014
Antiarrhythmic drugs, n (%) 0.038
Amiodarone 2,728 (29.78) 2,629 (30.05) 99 (24.15) —0.138
Propafenone 1,419 (15.49) 1,351 (15.44) 68 (16.59) 0.031
B-blocker 5,012 (54.72) 4,769 (54.51) 243 (59.27) 0.097
(Continued)

frontiersin.org


https://doi.org/10.3389/fcvm.2024.1506143
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Wang et al. 10.3389/fcvm.2024.1506143

TABLE 1 Continued

Total (n =9,159)

Variables No Cancer (n = 8,749) Cancer (n = 410) P-value SMD

Anticoagulants, n (%) 0.35
Warfarin 4,741 (51.76) 4,538 (51.87) 203 (49.51) —0.047
NOACs 4,418 (48.24) 4,211 (48.13) 207 (50.49) 0.047
AF radiofrequency ablation, n (%) 3,003 (32.79) 2,910 (33.26) 93 (22.68) <0.001 —0.253

Abbreviations: AF, atrial fibrillation; ALT, alanine transaminase; APTT, activated partial thromboplastin time; AST, aspartate aminotransferase; BNP, B-type natriuretic peptide; CHD, coronary
heart disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FBG, fasting blood glucose;
Fib, plasma fibrinogen; HDL-C, high-density lipoprotein cholesterol; HF, heart failure; HTN, hypertension; LAD, left atrial diameter; LDL-C, low-density lipoprotein cholesterol; LVEDD, left
ventricular end diastolic diameter; LVEF, left ventricular ejection fraction; NLR, neutrophil to lymphocyte ratio; NOACs, non-vitamin K antagonist oral anticoagulants; PaAF, paroxysmal atrial
fibrillation; PAD, peripheral arterial disease; PeAF, persistent atrial fibrillation; PSM, Propensity score matching; PT, prothrombin time; SBP, systolic blood pressure; SMD, standardized mean
difference; SUA, serum uric acid; T2DM, type2 diabetes mellitus; TC, total cholesterol; TG, triglyceride; TT, thrombin time; TSH, thyroid stimulating hormone; VTE, venous thromboembolism.

dyslipidemia, hyperthyroidism, hypothyroidism, and chronic
obstructive pulmonary disease were not significantly different
between the two groups.

The two groups had no significant difference in the clinical
type of AF (paroxysmal AF vs. persistent AF). More than half
of the total population had paroxysmal AF, and the prevalence
was 58.29% in cancer patients and 57.58% in the non-cancer
population. In antiarrhythmic drug use, AF patients with
cancer were less likely to use amiodarone and more likely to
choose p-blockers. In the overall population, slightly more
patients chose warfarin than Non-vitamin K antagonist oral
anticoagulants, but there was no significant difference. 50.49%
of cancer patients chose Non-vitamin K antagonist oral
anticoagulants, and 51.87% of non-cancer patients chose
warfarin, but there was no significant difference in the choice
of anticoagulant drugs between the two groups. In the context
rhythm
percentage of patients with AF and cancer who underwent
radiofrequency ablation was notably 22.68%
compared to those without cancer at 33.26%, showing a
statistically significant difference (P < 0.001).

of patients’ intervention decision-making, the

lower at

3.3 Factors associated with ablation in AF
patients before PSM

Table 2 shows the factors affecting the choice of rhythm
intervention in the AF population before PSM. The candidate
variables included in the logistic regression were related to
patients’ decision to perform radiofrequency ablation in clinical
practice. The multivariable regression analysis showed that
patients with older age (OR =0.95, 95%CI 0.94-0.96, P <0.001),
higher thyroid stimulating hormone (OR=0.97, 95%CI
0.95-0.99, P=0.044), larger LAD (OR=0.95, 95%CI 0.94-0.97,
P <0.001), heart failure (OR=0.53, 95%CI 0.44-0.64, P <0.001),
chronic kidney disease (OR=0.57, 95%CI 0.43-0.74, P <0.001)
and persistent AF (OR=0.81, 95CI 0.70-0.93, P=0.003) were
less likely to undergo ablation. The presence of cancer did not
have a statistically significant effect on the decision to perform
radiofrequency ablation in patients with AF, according to the
results of multivariable logistic regression analysis (OR=0.77,
95%CI 0.56-1.05, P=0.100).

Frontiers in Cardiovascular Medicine

TABLE 2 Factors associated with ablation in AF patients before PSM.

Variables | Univariable analysis = Multivariable analysis
OR (95%Cl) @ P-value @ OR (95%Cl) @ P-value
Age 0.94 (0.94-0.95) <0.001 0.95 (0.94-0.96) <0.001
TSH 0.96 (0.94-0.98) <0.001 0.97 (0.95-0.99) 0.044
LAD 0.92 (0.91-0.93) <0.001 0.95 (0.94-0.97) <0.001
Male 1.27 (1.16-1.39) <0.001 1.08 (0.94-1.23) 0.27
HTN 0.68 (0.62-0.74) <0.001 1.08 (0.95-1.24) 0.25
CHD 0.64 (0.58-0.70) <0.001 0.91 (0.79-1.04) 0.17
HF 0.26 (0.23-0.30) <0.001 0.53 (0.44-0.64) <0.001
Stroke 0.58 (0.50-0.68) <0.001 0.89 (0.72-1.10) 0.28
PAD 0.56 (0.38-0.82) 0.003 0.56 (0.30-1.03) 0.06
T2DM 0.73 (0.65-0.82) <0.001 0.96 (0.82-1.13) 0.63
CKD 0.27 (0.22-0.33) <0.001 0.57 (0.43-0.74) <0.001
VTE 0.34 (0.12-0.98) 0.046 0.82 (0.24-2.74) 0.74
PeAF 0.54 (0.49-0.59) <0.001 0.81 (0.70-0.93) 0.003
Cancer 0.59 (0.47-0.74) <0.001 0.77 (0.56-1.05) 0.10

Abbreviations: see Table 1; OR, odds ratio.

3.4 Factors associated with ablation in AF
patients after PSM

After 1:1 matching, 410 patients with cancer and 410 patients
without cancer were included in the post-matching analysis.
Table S1
characteristics of the two groups. After PSM, the two groups

Supplementary ~ Material shows the baseline
were well balanced, except for coronary heart disease. After
matching, there was no significant difference in the proportion of
AF ablation in AF patients with and without cancer (22.68% vs.
24.88%, P =0.460).

Supplementary Material, Table S2 shows the univariate and
multivariable logistic regression analysis of 820 AF patients after
matching to affecting the AF
ablation decision. The variables with a P-value of less than

evaluate the factors
0.05 in the univariate regression were exclusively included in
the multivariable regression analysis. ~The analysis
indicated that patients with older age (OR=0.94, 95%CI
0.90-0.97, P<0.001), larger LAD (OR =0.94, 95%CI 0.90-0.99,
P=0.018) and diabetes (OR=0.56, 95%CI 0.31-0.99,
P=0.046) exhibited a reduced likelihood of undergoing AF
radiofrequency ablation.
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3.5 Comparison of baseline characteristics
between cancer patients who receive
ablation and those who do not receive
ablation

We conducted a subgroup analysis to explore further the
differences in the selection of rhythm intervention in AF
patients with cancer. The patients with cancer were divided
into two groups according to the choice between conservative
treatment and radiofrequency ablation at the time of
hospitalization. The baseline characteristics between the two
groups are shown in Supplementary material Table S3. Most
patients who underwent ablation were of the
AF type (68.82% 55.21%, P=0.019).
Amiodarone was often used as an antiarrhythmic drug for
them (64.52% vs. 12.30%, P <0.001), while cancer patients
with conservative treatment preferred B-blockers (71.92% vs.
16.13%, P<0.001). There was no significant difference in

cancer activity between the two groups (9.68% vs. 10.41%, P

cancer

paroxysmal vs.

=0.838), and there was no significant difference in anticancer

treatment  (including  surgery,  chemotherapy, and

radiotherapy) between the two groups.

3.6 Factors associated with ablation in AF
patients with cancer

Table 3 shows the univariate and multivariable logistic
regression analysis results in 410 patients with AF and cancer.
Based on the multivariable regression analysis findings, it was
revealed that only younger patients (OR =0.93, 95%CI 0.90-0.96,
P<0.001) were more likely to undergo AF radiofrequency
ablation in AF patients with cancer.

TABLE 3 Factors associated with ablation in AF patients with cancer.

Variables | Univariable analysis | Multivariable analysis
OR (95%Cl) OR (95%Cl)

Age 0.92 (0.89-0.95) <0.001 0.93 (0.90-0.96) <0.001
Hb 1.01 (0.99-1.02) 0.23

PLT 1.00 (1.00-1.01) 0.20

TSH 0.91 (0.81-1.04) 0.16

LAD 0.97 (0.92-1.02) 0.21

Male 0.61 (0.38-0.97) 0.037 0.68 (0.41-1.14) 0.15

HIN 0.72 (0.45-1.15) 0.17

CHD 0.48 (0.28-0.83) 0.009 0.62 (0.35-1.12) 0.11

HF 0.37 (0.20-0.68) 0.001 0.62 (0.31-1.24) 0.18

DM 0.56 (0.32-1.01) 0.053

Stroke 0.55 (0.24-1.27) 0.16

CKD 0.28 (0.11-0.73) 0.009 0.37 (0.14-1.00) 0.051
PAD 1.71 (0.15-19.09) 0.66

Active cancer 0.92 (0.42-2.00) 0.84

surgery 241 (0.83-7.02) 0.11

chemotherapy | 1.00 (0.48-2.12) 0.99

radiotherapy 0.59 (0.17-2.05) 0.41

PeAF 0.56 (0.34-0.91) 0.02 0.75 (0.43-1.30) 0.31

Abbreviations: see Table 1; CI, confidence interval; Hb, hemoglobin; OR, odds ratio; PLT, platelet.
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3.7 Efficacy and safety of catheter ablation
for AF in patients with and without cancer

Following a 1:1 matching process, 92 AF patients with cancer
and 92 patients without cancer who received radiofrequency
ablation were included in the post-matching analysis and
subsequent follow-up. Supplementary Table S4 shows the
baseline characteristics of the two groups. After PSM, the balance
of the two groups was comparable except for coronary heart
disease and dyslipidemia.

A total of 184 AF patients were followed up for a median of 342
(293,866) days. The recurrence rate was 24.5% (45/184), including
23.9% (22/184) in patients with cancer and 25.0% (23/184) in
patients without cancer. During the follow-up period, there were
1 case of cerebral thromboembolism (1.09%) and 4 cases of
mucocutaneous hemorrhage (1.09%) in AF patients with cancer.
In AF patients without cancer, there were 1 case of cerebral
(1.09%) and 4 cases
hemorrhage (4.35%) as well. In addition, pericardial tamponade

thromboembolism of mucocutaneous
occurred in 1 patient with cancer during the perioperative
period, and there were no severe complications in typical AF
patients. However, the two groups had no statistically significant
differences (P =1.000).

Figure 1 shows the Kaplan-Meier curve for comparing the
maintenance rate of sinus rhythm between the two groups. The
log-rank test showed no significant difference in the maintenance
rate of sinus rhythm after radiofrequency ablation between the
patients with and without cancer (P =0.345).

In model 1, after adjusting for age and sex, cancer was not
a risk factor for AF recurrence after radiofrequency ablation
(HR=0.73, 95%CI 0.40-1.32, P=0.30).
adjusting for age, sex, AF type, LAD, coronary heart disease, and

In model 2, after
dyslipidemia, cancer was still not significantly associated with
AF recurrence after radiofrequency ablation (HR=0.82, 95%CI
0.36-1.83, P=0.62) (Table 4).

4 Discussion

This study revealed that the presence of cancer did not
influence the decision-making process for rhythm intervention in
AF patients, both before and after PSM. Notably, in AF patients
with cancer, the specific cancer activity and anticancer treatment
did not impact the choice of rhythm intervention. Furthermore,
the co-existence of cancer did not affect the recurrence of AF
following radiofrequency ablation.

4.1 The safety and effectiveness of
radiofrequency ablation in AF patients with
cancer

The safety and effectiveness of radiofrequency ablation in AF

patients with cancer is an important consideration (17-19).
Individuals with both AF and cancer face a heightened risk of
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FIGURE 1
Maintenance rate of sinus rhythm between AF patients with and without cancer after ablation. Figure shows no significant difference in the
maintenance rate of sinus rhythm after radiofrequency ablation between the patients with and without cancer (P = 0.345).

TABLE 4 The effect of cancer on the
radiofrequency ablation.

recurrence of AF after

Recurrence Model 1 Model 2
SESES HR P~  HR  P-
(95% CI) | value  (95% ClI) | value
No cancer 23 (25.0%) Reference Reference
Cancer 22 (23.9%) 0.73 0.30 0.82 0.62
(0.40-1.32) (0.36-1.83)

Model 1: adjust for age and sex.

Model 2: adjust for age, sex, AF type, left atrial diameter, coronary heart disease and
dyslipidemia.

Abbreviations: AF, atrial fibrillation; CI, confidence interval; HR, hazard ratio.

severe complications, such as systemic embolism and heart failure
(12). Therefore, effectively managing AF in high-risk cancer
patients is crucial. While catheter ablation is the primary
treatment for restoring normal heart rhythm in AF, there is a
lack of comprehensive studies involving cancer patients in major
clinical trials like CABANA and CASTLE AF. This gap has left
uncertainties about the safety and efficacy of catheter ablation for
AF in the cancer population. However, the 2022 ESC guidelines
on cardio-oncology suggest that the potential for AF ablation
should be discussed in specific cases, taking into account factors
such as heart failure, symptoms, cancer status, and prognosis in
a multidisciplinary team setting (20, 21). Concerns about
complications during the perioperative period and AF recurrence

Frontiers in Cardiovascular Medicine

after ablation are also common when considering catheter
ablation for AF in cancer patients.

In a retrospective cohort study, researchers found that cancer
patients undergoing catheter ablation for AF had a significantly
higher risk of in-hospital death, major bleeding, and pulmonary
embolism after PSM when compared to those without cancer
(22). Giustozzi et al. also discovered that the occurrence of
clinically significant bleeding after AF catheter ablation was
higher in cancer survivors than in the general population during
a 1-month follow-up (23). Agarwal et al. reported that 11.7% of
AF patients undergoing catheter ablation had a history of cancer,
and 2.8% had active cancer. When compared with patients
without cancer, those with active cancer were found to have an
increased risk of perioperative complications, as well as 30-day,
90-day, and 180-day all-cause readmissions and bleeding-related
readmissions. Additionally, there were no significant differences
in perioperative complications and all-cause readmissions
between patients with a history of cancer and those without
cancer (24). Interestingly, a study conducted by Wu et al
demonstrated that active cancer, but not a history of cancer,
was associated with an increased risk of in-hospital mortality
when adjusting for confounders (25). These findings shed light on
the unique challenges faced by AF patients with a history of or
active cancer.

What is more, Ganatra et al. found that 12 months after

ablation, having a history of cancer or undergoing cancer-related
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treatment did not independently increase the risk of AF
recurrence. The study also showed that there was no disparity
in safety outcomes between AF patients with a history of
cancer and those without. The researchers concluded that
catheter ablation was a safe and effective treatment for AF
patients with
anthracyclines and/or thoracic radiation (26). Eitel et al.
utilized PSM to compare 70 AF patients with cancer to 70 AF

a cancer history and those exposed to

patients without cancer who underwent cryo-balloon
pulmonary vein isolation. Their findings revealed no
significant variance in surgical complications and the

maintenance of sinus rhythm at 12 months post-ablation
between the two groups, indicating the safety and effectiveness
of cryo-balloon pulmonary vein isolation for treating
symptomatic AF in both cancer and non-cancer patients (27).

Since different cancers have different risk profiles, the safety
and the efficacy of radiofrequency ablation might be dependent
on the type of cancer a patient has. Peng et al. observed that
hematological malignancy was associated with a high risk of AF
recurrence compared with the matched non-cancer group.
Whereas types of cancer, including breast, lung, prostate, thyroid,
urinary, gastrointestinal and genital cancer, did not significantly
affect AF recurrence (28). Thotamgari et al. assessed the
outcomes and peri-procedural safety of catheter ablation for AF
in patients with certain types of cancer. They reported that breast
cancer had the highest all-cause in-hospital mortality whereas
hematological cancers had the highest risk of major bleeding.
Respiratory cancers had lowest rates of home discharges and
higher risk of pulmonary embolism whereas higher rates of acute
kidney injury were observed with urinary tract malignancies (22).
Due to the sample size, we cannot determine the efficacy and
safety of AF radiofrequency ablation in patients with certain
cancer types. Further studies are needed to evaluate the
differences in outcomes based on type of cancers.

The present study demonstrated that, even after adjusting for
confounding factors, cancer did not influence the collaborative
decision-making process between doctors and patients when
choosing a rhythm intervention for AF. Furthermore, the
present study found that cancer did not significantly impact
the recurrence of AF following radiofrequency ablation. The
efficacy and safety of ablation in AF patients with cancer were
found to be comparable to those in the general AF population
with similar baseline characteristics. These findings were
consistent with previous studies conducted at our center (29).
The study also showed that cancer was not a significant risk
factor for AF recurrence after catheter ablation. Our hospital
has established a specialized cardio-oncology diagnosis and
treatment center and has been at the forefront of promoting
cardio-oncology nationally. Due to our extensive experience in
treating cancer patients with different cardiovascular and
cerebrovascular conditions, our thorough expertise in
managing this specific group of patients may influence the
decision to conduct catheter ablation. Therefore, it’s clear that
the absence of a statistically significant association between
cancer and the choice of rhythm intervention in AF patients

was noted in this study.
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4.2 Comprehensive management of AF
patients with cancer

When managing the ventricular rate and rhythm control of
AF in cancer patients, it’s important to consider several factors.
lead to QT
prolongation and can interact with chemotherapeutic agents.

Rhythm-control medications may interval
Especially when the cancer treatment itself triggers AF episodes,
these drugs may have little effect in such cases. For cancer
patients, it is recommended to use B-blockers for ventricular rate
control, mainly when there is potential cancer-related heart
function impairment. Drugs like diltiazem and verapamil should
be avoided due to their interactions with other medications and
negative inotropic effects (30). There are complexities involved in
managing new-onset AF in cancer patients, especially in
assessing the risk of stroke or systemic embolism. According to
the 2022 ESC guidelines on cardio-oncology, the CHA2DS2-
VASc score should be utilized for risk stratification (31),
although it hasn’t been widely validated in the cancer population
(32). It’s important to note that this score was not designed to
identify high-risk patients, but to identify low-risk patients who
may not require anticoagulation. Consequently, the cardio-
oncology  guidelines offer a structured approach to
anticoagulation for AF in patients with cancer, taking into
account thrombotic risk, bleeding risk, drug interactions, and
left atrial

appendage occlusion may be considered for stroke prevention in

patient access and preferences. In some cases,
cancer patients with AF and contraindications for long-term
anticoagulation, provided that they have a life expectancy of
more than 12 months (14, 33).

4.3 Limitations

This study was a retrospective cohort study, which may be
subject to bias. The treatment choice for patients with AF and
cancer in our study may have been influenced by the
development of cardio-oncology in our center. In other medical
centers, the decision to perform catheter ablation might be
impacted by the lack of experience in treating this particular
group. It's important to acknowledge that this study was
conducted at a single center with a limited sample size. As a
result, further multi-center studies with larger sample size are
warranted to ascertain whether there are variations in outcomes
for patients with different types of cancer who wundergo
radiofrequency ablation for AF and to assess the impact on
postoperative recurrence.

5 Conclusions

In our center, the presence of cancer did not influence the
decision to perform ablation among AF patients. Additionally, in
AF patients with cancer, factors such as the status of the cancer
(active or stable) and the type of anti-cancer treatment (surgery,
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chemotherapy, radiotherapy) did not impact the decision to
perform ablation. Furthermore, the presence of cancer did not
affect the recurrence of AF after radiofrequency catheter ablation.
As a result, radiofrequency catheter ablation could be considered
as one of the strategies for achieving long-term maintenance of
normal heart rhythm in AF patients with cancer.
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