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Abstract
Background  Cancer survivors are at increased risk for atrial fibrillation (AF). However, data on the efficacy and safety of 
catheter ablation (CA) in this population remain limited. Therefore, we aimed to perform a systematic review and meta-
analysis comparing outcomes after CA for AF in patients with versus without prior or active cancer.
Methods  We systematically searched PubMed, Cochrane Library, and Embase from inception to April 2023 for studies 
comparing the safety and efficacy of CA for AF in cancer survivors. Outcomes of interest were bleeding events, late AF 
recurrence, and need for repeat ablation. Statistical analyses were performed using Review Manager 5.4.1. We pooled odds 
ratios (OR) with 95% confidence intervals (CI) for binary endpoints.
Results  We included 5 retrospective cohort studies comprising 998 patients, of whom 41.4% had a history of cancer. Cancer 
survivors were at significantly higher risk of clinically relevant bleeding (OR 2.17; 95% CI 1.17-4.0; p=0.01) as compared 
with those without cancer. The efficacy of CA for AF was similar between groups. Late AF recurrence at 12 months was not 
significantly different between patients with vs. without a history of cancer (OR 1.29; 95% CI 0.78–2.13; p=0.32). Similar 
findings were observed in the outcome of repeat ablations (OR 0.71; 95% CI 0.37-1.37; p=0.31).
Conclusions  These findings suggest that cancer survivors have an increased risk of bleeding after CA for AF relative to 
patients without cancer, with no significant difference in the efficacy of CA for maintenance of sinus rhythm between groups.
Study registration  This systematic review is registered in the International Prospective Register of Systematic Reviews 
(PROSPERO) under registration number CRD42023394538.
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Abbreviations
AAD	� Antiarrhythmic drug
AF	� Atrial fibrillation
CI	� Confidence intervals
CRNMB	� Clinically relevant non-major bleeding

PRISMA	� Preferred Reporting Items for Systematic 
Reviews and Meta-analyses

PROSPERO	� International Prospective Register of Sys-
tematic Reviews

QUIPS	� Quality in Prognostic Studies
OR	� Odds ratio

1  Introduction

Atrial fibrillation (AF) is the most common sustained car-
diac arrhythmia, affecting up to 2% of the general popula-
tion, and its prevalence is expected to reach 12.1 million 
individuals in the USA by 2030 [1, 2]. Cancer survivors are 
at a higher risk for AF, since malignancy and AF share risk 
factors and underlying pathophysiology [3, 4]. In addition, 
neoadjuvant chemotherapy and radiotherapy are associated 
with an increased risk of incident AF, since individuals not 
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only live longer while exposed to risk factors but also are 
subjected to complications of cancer therapy–related cardio-
vascular dysfunction [5].

Long-term management of AF includes rhythm and rate 
control strategies. In this setting, catheter ablation may be 
superior to antiarrhythmic drugs (AADs) for patients with 
untreated AF, and ablation is recommended to those who 
remain symptomatic regardless of optimal drug management 
[6]. As such, catheter ablation for AF could be a reasonable 
option for rhythm control in cancer survivors. These patients 
often do not tolerate AADs due to a higher prevalence of 
bradycardia, QT interval prolongation, and interaction with 
cancer-targeted therapies [7].

However, cancer survivors are under-referred to catheter 
ablation because of theoretical concerns over its safety and 
long-term efficacy. Oncological patients may be at higher 
risks for AF recurrence and hemorrhagic events depending 
on past medical history, cancer subtype, and staging [5]. 
Herein, we aimed to perform a systematic review and meta-
analysis comparing the outcomes of cancer survivors versus 
patients without a history of cancer after catheter ablation 
for AF, to elucidate the impact of a cancer diagnosis on the 
safety and efficacy of this procedure.

2 � Material and methods

These systematic review, meta-analysis, and reporting 
were conducted in accordance with Cochrane Handbook 
for Systematic Reviews of Interventions recommendations 
and Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines [8, 9]. Accordingly, 
it was prospectively registered in the International Prospec-
tive Register of Systematic Reviews (PROSPERO) under 
protocol CRD42023416797.

2.1 � Search strategy and data extraction

We systematically searched Pubmed, Embase, and Cochrane 
Library from inception to April 2023 with the following 
medical subject heading terms: “atrial fibrillation,” “AF,” 
“AFib,” “ablation,” “cryoballoon,” “radiofrequency,” “Pul-
monary Vein Isolation,” “PVI,” “cancer,” “tumor,” “malig-
nancy,” “neoplasm.” The exact search strategy is stated in 
the first section of the Supplemental Material.

We also performed a backward snowballing search 
for additional studies in the references of previous meta-
analyses and included studies [10]. Three authors (T.A.C., 
N.F., and L.T.) independently extracted the available study 
characteristics, event rates, and/or adjusted odds ratios (OR) 
from full-text published articles and relevant scientific 
abstracts following prespecified search criteria and quality 
assessment.

2.2 � Eligibility criteria

Two investigators (T.A.C. and M.C.) independently screened 
search records to identify eligible studies. We restricted 
inclusion in this meta-analysis to (1) clinical studies compar-
ing patients with versus without a history of cancer (either 
active or in remission), (2) who underwent catheter abla-
tion for AF, (3) reporting safety and/or efficacy endpoints of 
the procedure, and (4) with a follow-up of at least 30 days. 
We excluded studies without outcomes of cancers survivors 
reported separately and studies in patients with previous 
cardiac surgery (e.g., atrial myxoma excision). We did not 
apply language restrictions or filters for study screening and 
selection.

2.3 � Endpoints

Our safety outcome was the risk of clinically relevant 
bleeding, defined as a composite of the prevalence of major 
bleeding and/or clinically relevant non-major bleeding 
(CRNMB) complications [11], as defined by the Interna-
tional Society on Thrombosis and Haemostasis guidelines 
[12, 13]. Per this definition, major bleeding is defined as 
either fatal bleeding or symptomatic bleeding occurring in 
a vital area or organ, i.e., intra-cranial, intra-spinal, intra-
ocular, retroperitoneal, intra-articular, pericardial, or intra-
muscular bleeding occurring with compartment syndrome 
or bleeding that resulted in a decrease in hemoglobin levels 
of 2 g/dL or greater or necessitated the transfusion of two 
or more units of blood [13]. CRNMB is defined as indi-
cation or manifestation of hemorrhage, such as bleeding 
that exceeds what would typically be anticipated in a given 
medical scenario that does not fit the criteria for the ISTH 
definition of major bleeding but does meet at least one of 
the following criteria: (1) necessitates medical intervention 
from a healthcare provider, (2) results in hospitalization 
or a need for a heightened level of care, or (3) triggers a 
face-to-face evaluation, as opposed to just a telephone or 
electronic communication consultation [12].

The efficacy outcomes were as follows: (1) late AF recur-
rence, defined as the recurrence of AF following a 90-day 
blanking period after index ablation and before 12 months 
[14] and (2) the need for repeated ablation within 12 months.

2.4 � Risk of bias and sensitivity analysis

Two investigators (M.A.P.B., and M.C.) independently 
assessed the quality of included studies. Non-randomized 
studies were appraised with the QUIPS (Quality in Prog-
nostic Studies) tool for prognostic studies, which allows 
labeling studies as of low, moderate, or high risk of bias in 
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six domains: study participation, study attrition, prognos-
tic factor measurement, outcome measurement, study con-
founding, and statistical analysis and reporting [15]. We also 
investigated potential small study effects using funnel-plot 
analysis of point estimates according to the graphical distri-
bution of similar weight studies against their standard errors.

2.5 � Statistical analysis

We pooled OR with 95% confidence intervals (CI) to 
compare treatment effects for binary endpoints, including 
adjusted OR from the individual studies whenever avail-
able. Cochran Q test and I2 statistics were used to assess 
between-study heterogeneity; p-values < 0.10 and I2 ≥ 25% 
were considered significant for heterogeneity. We chose a 
DerSimonian and Laird random-effects model due to the 
anticipated heterogeneity among studies with respect to 
baseline characteristics, cancer subtypes and staging, and 
study design [16]. Review Manager 5.4.1 (Cochrane Cen-
tre, The Cochrane Collaboration, Denmark) was used for 
statistical analyses.

3 � Results

3.1 � Study selection and characteristics

As detailed in Fig. 1, our initial search retrieved 1122 studies 
after removing duplicates; 1059 studies were excluded after 
initial critical examination based on title and/or abstract. 
After a full-text review of the remaining publications, five 
retrospective studies were included, comprising 998 patients, 
of whom 413 (41.4%) were cancer survivors [11, 17–20]. 
Individual study characteristics are displayed in Table 1.

Most included studies encompassed patients with differ-
ent subtypes and staging of cancer. Only Haq and colleagues 
restricted inclusion to patients with a history of breast cancer 
[20]. The proportion of cancer types were as follows: breast 
(n = 146, 35.3%), genitourinary (n = 89, 21.6%), hemato-
logic (n = 35, 8.5%), gastrointestinal (n = 23, 5.6%), lung (n 
= 19, 4.6%), head or neck (n = 13, 3.1%), or other (n = 88, 
21.3%). Of note, 60 patients (14.5%) had active cancer by 
the time of the ablation. Four studies reported the use of oral 
anticoagulation before the procedure, with direct oral antico-
agulants (DOACs) being the most common, reported in 544 
patients (59.3%) [11, 17–19]. Only one study acknowledged 
a significant difference between cancer survivors and con-
trols in AADs use, with a higher use of amiodarone usage 
in the control group and comparable use of other AADs 
between groups [18]. Similarly, other studies reported no 
significant difference in AADs use between groups [17, 19, 
20]. Patient characteristics in each individual study are dis-
played in Table 2.

3.2 � Pooled analysis of all studies

Our main safety outcome of interest was clinically relevant 
bleeding, which was reported in all five studies [11, 17–20]. 
There was a significantly higher incidence (6.5% versus 
3.9%) of hemorrhagic events in cancer survivors as com-
pared with patients without a history of cancer (OR 2.17; 
95% CI 1.17–4.00; p = 0.01; I2 = 0%; Fig. 2). Of note, one 
study had no bleeding events in neither study arms, resulting 
in a “not-estimable” outcome in Fig. 2 [17].

Among 998 patients included in this meta-analysis, 814 
were followed for at least 12 months [17–20]. Late AF recur-
rence among these patients was not significantly different 
between groups after pooling the existing results from indi-
vidual studies, including adjusted OR when available (OR 
1.29; 95% CI 0.78–2.13; p = 0.32; I2 = 34%; Fig. 3). In 
addition, there was no significant difference between groups 
in the need for repeat ablation within 12 months (OR 0.71; 
95% CI 0.37–1.37; p = 0.31; I2 = 42%; Fig. 4).

Periprocedural thromboembolic events were rare in the 
pooled population with a total of 5 events of stroke or tran-
sient ischemic attack in the cancer group and 1 event in the 
control group [11, 18]. Similarly, there were 5 events of car-
diac tamponade or pericardial effusion requiring interven-
tion, 3 in cancer survivors, and 2 in the control group [18]. 
There were no deaths reported in the included studies.

Fig. 1   Study screening and selection
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3.3 � Quality assessment

Four studies presented moderate concerns with regards to 
risk of bias due to confounding but were considered with 
overall low risk of bias [17–19]. Only one study was con-
sidered with overall moderate risk of bias [19]. Individual 
study appraisal of all domains is shown in Supplementary 
Figure 1. There was no evidence of small study effect (pub-
lication bias) in the funnel plot analyses, given that studies 
with similar weights were symmetrically distributed against 
their standard errors (Supplementary Figure 2).

4 � Discussion

In this systematic review and meta-analysis of 5 obser-
vational studies, we compared the safety and efficacy of 
catheter ablation for AF in cancer survivors versus patients 
without a history of cancer. Our main findings were as 

follows: (1) cancer survivors were at a significantly higher 
risk of bleeding events compared with patients without a 
history of cancer, and (2) there were no significant differ-
ences between groups in late AF recurrence or need for 
repeat ablation.

Cancer survivors are at a higher risk for AF, especially 
the elderly and those with preexisting cardiovascular dis-
ease, metabolic disorders, and obstructive sleep apnea [21, 
22]. Many mechanisms are implicated in this association. 
First, there are several shared risk factors, such as advanced 
age, smoking history, alcohol consumption, and comorbidi-
ties [21, 23]. Second, systemic inflammation as antineoplas-
tic response may lead to increased inflammatory markers, 
such as C-reactive protein, which are related to AF burden 
[21, 23]. Third, it also might be related to autonomic nerv-
ous system imbalance, paraneoplastic syndromes, or direct 
mechanical invasion of tumors into cardiac structures [21, 
23]. Finally, cancer-targeted therapies, surgical interven-
tions, and radiation therapy are classically associated with 

Fig. 2   Clinically relevant bleeding events were significantly increased in patients with a history of cancer (p = 0.01)

Fig. 3   Late atrial fibrillation recurrence was not significantly different between patients with versus without cancer (p = 0.32)

Fig. 4   The need for repeat ablations at 12 months was not significantly different between patients with versus without a history of cancer (p = 
0.31)
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increased cardiovascular complications, including new-onset 
AF [21, 23–26].

A recent population-based study comprising 816,811 
patients found that cancer may be an independent risk factor 
for incident AF after adjustment for shared risk factors such 
as age, smoking, and obesity [23]. A prior meta-analysis 
showed a 47% higher risk of incident AF after a cancer diag-
nosis [27]. Moreover, new-onset AF in cancer survivors is 
associated with a higher risk of thromboembolism/stroke, 
all-cause mortality, and major bleeding [28]. However, the 
increased risk of incident AF may vary depending on cancer 
type and staging, with multiple myeloma holding the highest 
associated risk of incident AF, for example [23].

Treating AF in cancer survivors may be especially chal-
lenging due to complex drug-drug interactions with cancer-
targeted therapies and biological particularities of patients 
with cancer (e.g., heightened thromboembolic and bleeding 
risks) [21]. Current Cardio-Oncology Guidelines recommend 
using thrombotic and bleeding risk stratification tools such as 
CHA2DS2-VASc and HAS-BLED scores to guide anticoagu-
lation strategies in this patient population [28]. Unfortunately, 
neither tool has been validated for cancer survivors or con-
sider cancer as an independent variable [21, 28].

As for rate and rhythm control strategies, the recommen-
dations for cancer survivors currently align with those for 
the general population [21, 28]. In patients with a history 
of cancer, a rhythm control strategy should be considered 
for persistently symptomatic patients and those unable to 
achieve rate control despite optimized medical therapy 
[29]. However, neither AADs nor ablation techniques have 
been largely studied as rhythm control strategies for can-
cer survivors [21, 28]. In case of proceeding with ablation, 
the increased bleeding risk should be considered. Current 
guidelines recommend continuing oral anticoagulation for 2 
months following ablation, regardless of the patient’s base-
line thromboembolic risk [30, 31]. Moreover, catheter abla-
tion for AF should not be performed in patients who cannot 
be anticoagulated during and after the procedure [30].

To the best of our knowledge, this is the first meta-analy-
sis to focus on the safety and efficacy of catheter ablation for 
AF in cancer survivors as compared with patients without 
a history of cancer. The included studies encompassed both 
radiofrequency and cryoablation techniques in patients with 
a variety of cancer types. Overall, our results support this 
procedure as a feasible option for AF rhythm control among 
cancer survivors, as there were no significant differences 
in the measurements of efficacy outcomes between groups.

However, we found a significantly higher risk of clinically 
relevant bleeding in cancer survivors, leading to important 
safety considerations. Individually, only one study observed 
an increased bleeding risk in patients with cancer [11]. Of 
note, that study used bridging with low molecular weight 
heparin before and after ablation for patients on vitamin K 

antagonists; there was also an elevated prevalence of malig-
nancies at high bleeding risk, such as gastrointestinal and 
genitourinary [11, 18]. In contrast, our pooled population 
included a more diverse group of cancer types, albeit with 
low heterogeneity between studies (I2 = 0%), which indi-
cates that results of individual studies are consistent with 
each other.

Our results are consistent with a recently published 
population-based study comprising 50,623 weighted AF 
ablation procedures, which yielded higher bleeding rates in 
cancer survivors and no significant difference in AF-related 
readmissions as compared with controls [32]. Unfortunately, 
their study results could not be pooled with our analysis due 
to overlapping populations. Ultimately, cancer survivors may 
benefit from a multidisciplinary individualized assessment 
before and after the procedure, accounting for procedure-
related and patient-related variables implicated in increased 
bleeding risk, including cancer type, pre-existing cardiovas-
cular disease, and ongoing cancer-targeted therapies.

Our study has limitations. First, the prognostic nature of 
the clinical question, comparing patients with versus without 
a history of cancer, cannot be answered by randomized data; 
therefore, our findings are subject to the risk of confound-
ing. However, most of the studies were at moderate risk of 
cofounding, due to the use of matched control groups, and 
we pooled multivariable adjusted OR when available in the 
individual studies. Second, the absence of individual-level 
patient data prevented us from conducting subgroup analyses 
stratifying outcomes by ablation modality, cancer type, can-
cer status (active versus in remission), antineoplastic therapy 
received, anticoagulation strategy, and the prevalence of 
cardiovascular risk factors. Therefore, our findings should 
be interpreted considering its heterogeneous population, 
and additional studies are needed to further explore more 
homogeneous and under-represented subgroups, especially 
patients with active cancer. Third, we were unable to statisti-
cally analyze other relevant safety outcomes, such as peri-
cardial effusion requiring intervention and peri-procedural 
stroke, due to rarity of events, incomplete reporting, and the 
absence of individual-level patient data. Finally, our results 
extend to 1 year, but longer-term results of catheter ablation 
in this population remain unknown.

5 � Conclusion

In this meta-analysis of studies comparing outcomes of cath-
eter ablation for AF in patients with versus without a history 
of cancer, cancer survivors had comparable rates of late AF 
recurrence and need for repeat ablation at 12 months, albeit 
with an increase in the incidence of hemorrhagic events.



218	 Journal of Interventional Cardiac Electrophysiology (2024) 67:211–219

1 3

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s10840-​023-​01677-8.

Acknowledgements  The authors thank Dr. Roberta Florido, direc-
tor of Cardio-Oncology at the University of Utah, for her review of 
the abstract of this manuscript, presented at the 2023 American Heart 
Association Scientific Sessions. The authors also thank Dr. Rhanderson 
Cardoso, from the Heart and Vascular Center at Brigham and Women’s 
Hospital, Harvard Medical School, for his expertise and guidance in 
the review of our research. A portion of this work has been previously 
presented as an abstract at the 2023 American Heart Association Sci-
entific Sessions.

Author contribution  TAC: conceptualization, study design, data col-
lection, data analysis, data interpretation, writing (original draft), writ-
ing (review and editing); NF: conceptualization, study design, data 
collection, data analysis, data interpretation, writing (original draft), 
writing (review and editing); MC: data collection, data analysis, writ-
ing (original draft); LT: data collection, data analysis, writing (original 
draft); MAPB: data collection, data analysis, writing (original draft); 
LTMS: conceptualization, data interpretation, writing (original draft), 
writing (review and editing).

Data availability  This meta-analysis was based on data extracted 
from previously published research; therefore, all the data and study 
materials are available in the public domain. The authors of this meta-
analysis do not have access to patient-level data of the individual stud-
ies. Researchers interested in individual-level data from the studies 
included in this meta-analysis are encouraged to contact the corre-
sponding author from each individual study for such requests.

Declarations 

Ethics approval  N/A

Consent to participate  N/A

Competing interests  The authors declare no competing interests. 
Author L.T.M.S. is currently an Editorial Training Fellow at the Jour-
nal of Interventional Cardiac Electrophysiology.

References

	 1.	 Paterson DI, Wiebe N, Cheung WY, Mackey JR, Pituskin E, Rei-
man A, et al. Incident cardiovascular disease among adults with 
cancer. JACC CardioOncol. 2022;4:85–94. https://​doi.​org/​10.​
1016/j.​jaccao.​2022.​01.​100.

	 2.	 Tsao CW, Aday AW, Almarzooq ZI, Anderson CAM, Arora 
P, Avery CL, et al. Heart Disease and Stroke Statistics—2023 
update: a report from the American Heart Association. Circula-
tion. 2023:147. https://​doi.​org/​10.​1161/​CIR.​00000​00000​001123.

	 3.	 Leiva O, AbdelHameid D, Connors JM, Cannon CP, Bhatt DL. 
Common pathophysiology in cancer, atrial fibrillation, athero-
sclerosis, and thrombosis. JACC CardioOncol. 2021;3:619–34. 
https://​doi.​org/​10.​1016/j.​jaccao.​2021.​08.​011.

	 4.	 Koene RJ, Prizment AE, Blaes A, Konety SH. Shared risk factors 
in cardiovascular disease and cancer. Circulation. 2016;133:1104–
14. https://​doi.​org/​10.​1161/​CIRCU​LATIO​NAHA.​115.​020406.

	 5.	 Leiva O, Alam U, Bohart I, Yang EH. Interventional cardio-oncol-
ogy: unique challenges and considerations in a high-risk popula-
tion. Curr Treat Options Oncol. 2023;24:1071–87. https://​doi.​org/​
10.​1007/​s11864-​023-​01110-2.

	 6.	 Andrade JG, Wells GA, Deyell MW, Bennett M, Essebag 
V, Champagne J, et al. Cryoablation or drug therapy for ini-
tial treatment of atrial fibrillation. New England J Med. 
2021;384:305–15. https://​doi.​org/​10.​1056/​NEJMo​a2029​980.

	 7.	 Asnani A, Manning A, Mansour M, Ruskin J, Hochberg EP, 
Ptaszek LM. Management of atrial fibrillation in patients taking 
targeted cancer therapies. Cardio-Oncology. 2017;3:2. https://​
doi.​org/​10.​1186/​s40959-​017-​0021-y.

	 8.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, et al. The PRISMA statement: an updated guide-
line for reporting systematic reviews. BMJ. 2020;2021:n71. 
https://​doi.​org/​10.​1136/​bmj.​n71.

	 9.	 Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page 
MJWV. Cochrane handbook for systematic reviews of interven-
tions version 6.3 Cochrane,

	10.	 Mourão E, Kalinowski M, Murta L, Mendes E, Wohlin C. 
Investigating the use of a hybrid search strategy for systematic 
reviews. ACM/IEEE Int Symp Empirical Software Eng Meas-
urement (ESEM). 2017;2017:193–8. https://​doi.​org/​10.​1109/​
ESEM.​2017.​30.

	11.	 Giustozzi M, Ali H, Reboldi G, Balla C, Foresti S, de Ambroggi 
G, et al. Safety of catheter ablation of atrial fibrillation in cancer 
survivors. J Interven Cardiac Electrophysiol. 2021;60:419–26. 
https://​doi.​org/​10.​1007/​s10840-​020-​00745-7.

	12.	 Kaatz S, Ahmad D, Spyropoulos AC, Schulman S. Definition of 
clinically relevant non-major bleeding in studies of anticoagu-
lants in atrial fibrillation and venous thromboembolic disease 
in non-surgical patients: communication from the SSC of the 
ISTH. J Thromb Haemost. 2015;13:2119–26. https://​doi.​org/​10.​
1111/​jth.​13140.

	13.	 Schulman S, Angerås U, Bergqvist D, Eriksson B, Lassen MR, 
Fisher W. Definition of major bleeding in clinical investiga-
tions of antihemostatic medicinal products in surgical patients. 
J ThrombosisHaemostasis. 2010;8:202–4. https://​doi.​org/​10.​
1111/j.​1538-​7836.​2009.​03678.x.

	14.	 Calkins H, Hindricks G, Cappato R, Kim Y-H, Saad EB, Agu-
inaga L, et al. 2017 HRS/EHRA/ECAS/APHRS/SOLAECE 
expert consensus statement on catheter and surgical ablation 
of atrial fibrillation. Heart Rhythm. 2017;14:e275–444. https://​
doi.​org/​10.​1016/j.​hrthm.​2017.​05.​012.

	15.	 Hayden JA, van der Windt DA, Cartwright JL, Côté P, Bom-
bardier C. Assessing bias in studies of prognostic factors. Ann 
Intern Med. 2013;158:280. https://​doi.​org/​10.​7326/​0003-​4819-​
158-4-​20130​2190-​00009.

	16.	 Deeks JJ, Higgins JPTAD. Chapter 10: Analysing data and 
undertaking meta-analyses. In: JPT H, Thomas J, Chandler J, 
Cumpston M, Li T, Page MJMV, Welch VA, editors. Cochrane 
handbook for systematic reviews of interventions version 6.3, 
Cochrane; 2022.

	17.	 Eitel C, Sciacca V, Bartels N, Saraei R, Fink T, Keelani A, et al. 
Safety and efficacy of cryoballoon based pulmonary vein isolation 
in patients with atrial fibrillation and a history of cancer. J Clin 
Med. 2021;10:3669. https://​doi.​org/​10.​3390/​jcm10​163669.

	18.	 Ganatra S, Abraham S, Kumar A, Parikh R, Patel R, Khadke S, 
et al. Efficacy and safety of catheter ablation for atrial fibrillation 
in patients with history of cancer. Cardio-Oncology. 2023;9:19. 
https://​doi.​org/​10.​1186/​s40959-​023-​00171-4.

	19.	 Wang YS, Li DB, Chen C, Wei YS, Lyu HC, Han JY, et al. Fea-
sibility of radiofrequency ablation for cancer patients with atrial 
fibrillation. Zhonghua Xin Xue Guan Bing Za Zhi. 2021;49:790–
5. https://​doi.​org/​10.​3760/​cma.j.​cn112​148-​20200​922-​00758.

	20.	 Haq IU, Akhiyat N, Anan AR, Alzubi H, Kowlgi GN, Lee H-C, 
et al. Mediastinal radiation therapy for breast cancer in female 
patients is an independent risk factor for atrial fibrillation recur-
rence post-catheter ablation. J Intervent Cardiac Electrophysiol. 
2022;65:751–6. https://​doi.​org/​10.​1007/​s10840-​022-​01341-7.

https://doi.org/10.1007/s10840-023-01677-8
https://doi.org/10.1016/j.jaccao.2022.01.100
https://doi.org/10.1016/j.jaccao.2022.01.100
https://doi.org/10.1161/CIR.0000000000001123
https://doi.org/10.1016/j.jaccao.2021.08.011
https://doi.org/10.1161/CIRCULATIONAHA.115.020406
https://doi.org/10.1007/s11864-023-01110-2
https://doi.org/10.1007/s11864-023-01110-2
https://doi.org/10.1056/NEJMoa2029980
https://doi.org/10.1186/s40959-017-0021-y
https://doi.org/10.1186/s40959-017-0021-y
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1109/ESEM.2017.30
https://doi.org/10.1109/ESEM.2017.30
https://doi.org/10.1007/s10840-020-00745-7
https://doi.org/10.1111/jth.13140
https://doi.org/10.1111/jth.13140
https://doi.org/10.1111/j.1538-7836.2009.03678.x
https://doi.org/10.1111/j.1538-7836.2009.03678.x
https://doi.org/10.1016/j.hrthm.2017.05.012
https://doi.org/10.1016/j.hrthm.2017.05.012
https://doi.org/10.7326/0003-4819-158-4-201302190-00009
https://doi.org/10.7326/0003-4819-158-4-201302190-00009
https://doi.org/10.3390/jcm10163669
https://doi.org/10.1186/s40959-023-00171-4
https://doi.org/10.3760/cma.j.cn112148-20200922-00758
https://doi.org/10.1007/s10840-022-01341-7


219Journal of Interventional Cardiac Electrophysiology (2024) 67:211–219	

1 3

	21.	 Madnick DL, Fradley MG. Atrial fibrillation and cancer patients: 
mechanisms and management. Curr Cardiol Rep. 2022;24:1517–
27. https://​doi.​org/​10.​1007/​s11886-​022-​01769-3.

	22.	 Anter E, Di Biase L, Contreras-Valdes FM, Gianni C, Mohanty 
S, Tschabrunn CM, et al. Atrial substrate and triggers of parox-
ysmal atrial fibrillation in patients with obstructive sleep apnea. 
Circ Arrhythm Electrophysiol. 2017:10. https://​doi.​org/​10.​1161/​
CIRCEP.​117.​005407.

	23.	 Yun JP, Choi EK, Do HK, Park SH, Jung JH, Park SH, et al. Risk 
of atrial fibrillation according to cancer type: a nationwide pop-
ulation-based study. JACC CardioOncol. 2021;3:221–32. https://​
doi.​org/​10.​1016/J.​JACCAO.​2021.​03.​006.

	24.	 Alexandre J, Boismoreau L, Morice P-M, Sassier M, Da-Silva 
A, Plane A-F, et al. Atrial fibrillation incidence associated with 
exposure to anticancer drugs used as monotherapy in clinical tri-
als. JACC CardioOncol. 2023;5:216–26. https://​doi.​org/​10.​1016/j.​
jaccao.​2022.​11.​019.

	25.	 Apte N, Dherange P, Mustafa U, Ya’qoub L, Dawson D, Higgin-
botham K, et al. Cancer radiation therapy may be associated with 
atrial fibrillation. Front Cardiovasc Med. 2021:8. https://​doi.​org/​
10.​3389/​fcvm.​2021.​610915.

	26.	 Guha A, Fradley MG, Dent SF, Weintraub NL, Lustberg MB, 
Alonso A, et al. Incidence, risk factors, and mortality of atrial 
fibrillation in breast cancer: a SEER-Medicare analysis. Eur Heart 
J. 2022;43:300–12. https://​doi.​org/​10.​1093/​eurhe​artj/​ehab7​45.

	27.	 Yuan M, Zhang Z, Tse G, Feng X, Korantzopoulos P, Letsas KP, 
et al. Association of Cancer and the Risk of Developing Atrial 
Fibrillation: a systematic review and meta-analysis. Cardiol Res 
Pract. 2019;2019:1–9. https://​doi.​org/​10.​1155/​2019/​89852​73.

	28.	 Lyon AR, López-Fernández T, Couch LS, Asteggiano R, Aznar 
MC, Bergler-Klein J, et al. 2022 ESC Guidelines on cardio-
oncology developed in collaboration with the European Hema-
tology Association (EHA), the European Society for Therapeu-
tic Radiology and Oncology (ESTRO) and the International 

Cardio-Oncology Society (IC-OS). Eur Heart J. 2022;43:4229–
361. https://​doi.​org/​10.​1093/​eurhe​artj/​ehac2​44.

	29.	 January CT, Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleve-
land JC, et  al. AHA/ACC/HRS Focused Update of the 2014 
AHA/ACC/HRS Guideline for the management of patients with 
atrial fibrillation: a report of the American College of Cardiol-
ogy/American Heart Association Task Force on Clinical Practice 
Guidelines and the Heart Rhythm Society in Collaboration With 
the Society of Thoracic Surgeons. Circulation. 2019;2019:140. 
https://​doi.​org/​10.​1161/​CIR.​00000​00000​000665.

	30.	 January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE, Cleve-
land JC, et al. AHA/ACC/HRS guideline for the management 
of patients with atrial fibrillation. Circulation. 2014;2014:130. 
https://​doi.​org/​10.​1161/​CIR.​00000​00000​000041.

	31.	 Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomström-
Lundqvist C, et al. 2020 ESC Guidelines for the diagnosis and 
management of atrial fibrillation developed in collaboration with 
the European Association for Cardio-Thoracic Surgery (EACTS). 
Eur Heart J. 2021;42:373–498. https://​doi.​org/​10.​1093/​eurhe​artj/​
ehaa6​12.

	32.	 Agarwal S, Munir MB, Krishan S, Yang EH, Barac A, Asad ZUA. 
Outcomes and readmissions in patients with cancer undergoing 
catheter ablation for atrial fibrillation. Europace. 2023:25. https://​
doi.​org/​10.​1093/​europ​ace/​euad2​63.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1007/s11886-022-01769-3
https://doi.org/10.1161/CIRCEP.117.005407
https://doi.org/10.1161/CIRCEP.117.005407
https://doi.org/10.1016/J.JACCAO.2021.03.006
https://doi.org/10.1016/J.JACCAO.2021.03.006
https://doi.org/10.1016/j.jaccao.2022.11.019
https://doi.org/10.1016/j.jaccao.2022.11.019
https://doi.org/10.3389/fcvm.2021.610915
https://doi.org/10.3389/fcvm.2021.610915
https://doi.org/10.1093/eurheartj/ehab745
https://doi.org/10.1155/2019/8985273
https://doi.org/10.1093/eurheartj/ehac244
https://doi.org/10.1161/CIR.0000000000000665
https://doi.org/10.1161/CIR.0000000000000041
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1093/europace/euad263
https://doi.org/10.1093/europace/euad263

	Safety and efficacy of catheter ablation for atrial fibrillation in cancer survivors: a systematic review and meta-analysis
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 
	Study registration 

	1 Introduction
	2 Material and methods
	2.1 Search strategy and data extraction
	2.2 Eligibility criteria
	2.3 Endpoints
	2.4 Risk of bias and sensitivity analysis
	2.5 Statistical analysis

	3 Results
	3.1 Study selection and characteristics
	3.2 Pooled analysis of all studies
	3.3 Quality assessment

	4 Discussion
	5 Conclusion
	Anchor 21
	Acknowledgements 
	References


