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Abstract: Atrial fibrillation (AF) is an increasingly recognized comorbidity in patients with can-

cer.  Indeed, cancer patients have a significantly higher incidence of AF than that observed in the 

general population. A reciprocal relationship between these two diseases has been observed, as 

much as some assume AF as a marker for occult cancer screening, especially in older adults. The 

pathophysiological mechanisms are many and varied, including the underlying pro-inflammatory 

state, specific treatments (chemo and radiotherapy) and surgery. The therapeutic management of 

patients with cancer and AF involves the same rhythm and frequency control strategies as the 

general population; however, the numerous interactions with chemotherapeutics, which lead to a 

significant increase in side effects, as well as the extreme fragility of the patient should be consid-

ered. Anticoagulant therapy is also a complex challenge to address, as bleeding and stroke risk 

scores have not been fully assessed in this subpopulation. Furthermore, in large studies establish-

ing the efficacy of direct oral anticoagulants (DOACs), cancer patients have been underrepresented.  

In this review, we elaborate on mechanisms linking AF to cancer patients with a particular focus on 

therapeutic challenges in this population. 
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1. Introduction and Epidemiology: Atrial Fibrillation in Cancer Patients. 

The improvement in cancer patients’ prognosis and therefore the aging of this pop-

ulation, as well as the introduction of targeted therapies, have exponentially increased 

the incidence of cardiac arrhythmias seen in oncology and hematology wards (1;2). In 

particular, AF, a leading cause of thrombotic morbidity and overall cardiovascular (CV) 

mortality, is the most common sustained arrhythmia in the general population and re-

vealed to be more common in patients with malignancies (1-3), reaching an incidence of 

30% in available studies (1-3).  

In this setting, prevalence seems extremely variable in literature, depending on the 

age of population examined, pre-existing risk factors, type of primitive cancer, previous 

oncologic surgery and chemotherapy schemes instituted (4-7). Indeed, the risk of AF is 

higher in subjects older than 65 years with known CV disease (4-7), as well as in those 

patients affected by all hematologic malignancies, including lymphoma, leukemia and 

multiple myeloma rather than solid tumors (8). Moreover, higher cancer stages and 

grades at diagnosis raise the risk of AF, even suggesting a systemic effect of advanced 

cancer itself on the heart (7). Of importance, post-operative AF is the most frequent form 

of sustained arrhythmia in cancer patients. Its prevalence ranges from 16 to 46% for car-

diothoracic surgery and 0.4–12% in non-cardiothoracic surgery, increasing 

post-operative mortality, hospitalization length and intensive care unit admissions (9;10). 
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AF may therefore represent an additional determinant of malignancies’ prognosis 

and a challenge for the therapeutic management of cancer patients (11;12). The aim of this 

review is hence to elucidate novel etiological aspects subtending AF occurrence in this 

population, to give advice on management aspects and shed light on future research 

scopes in this expanding field of cardio-oncology. 

2. Risk Factors and pathogenesis of Atrial Fibrillation in cancer patients 

In addition to advanced age, other mechanisms have been suggest to explain the 

high correlation between cancer and AF (13). Cancer-induced inflammation and oxida-

tive stress are thought to play important roles. C-reactive protein (CRP), interleukins (IL), 

particularly IL-2, IL-6, and IL-8, macrophage migration inhibitory factor (MIF), and tu-

mor necrosis factor-alpha are all elevated in cancer patients with AF (14).  Elevated in-

flammatory markers can lead to autonomic dysfunction, electrolyte imbalances, struc-

tural changes in the heart, and electrical remodeling. Changes in calcium hemostasis and 

connexins can result in a variety of atrial conduction abnormalities, including AF (13). To 

these mechanisms should be added those determined by cancer treatments. In fact tyro-

sine kinase inhibitors (TKI), immunomodulators like interleukin-2 (IL-2), antimetabolites 

like 5-fluorouracil and gemcitabine, HER-2/Neu receptor blockers, alkylating agents, 

anthracyclines and antimicrotubular agents have  all been related to the development of 

new-onset AF. Chemotherapeutic agents can induce myocyte degeneration, mitochon-

drial damage, ion channel dysfunction, and atrial fibrosis, resulting in structural and 

electrical changes in the myocardium and an increased risk of AF (15,16). Cancer drug- 

induced AF  may occur shortly after treatment (cisplatin or gemcitabine)  or weeks or 

months after starting treatment, as in the case of ibrutinib (10).  Surgical procedures such 

as lung resection or other extensive operations are also often followed by peri-operative 

AF. In a cohort of 13,906 patients undergoing lung resection for lung cancer, periopera-

tive AF occurred in 12.6 % of patients (17). Perioperative AF appears to be more frequent 

in patients with advanced age and stage of cancer who have cardiovascular comorbidi-

ties and who undergo extensive resections (18). Furthermore, high adrenergic states fol-

lowing cancer surgery may induce or worsen AF (14). Infection, anaemia, hypoxia, pleu-

risy, pericarditis and cardiomyopathy are all potential complications of cancer and cancer 

treatment and all are potential triggers of AF (19).  More rarely, AF may be triggered by 

metastatic involvement of the heart. (10). The most common neoplasms associated with 

cardiac metastases are lung cancer, lymphoma, breast cancer, leukaemia, stomach cancer 

and melanoma (20).  Cardiac metastases mostly appear in elderly patients already with 

disseminated cancer disease.  Tumours may reach the heart by lymphatic or intravenous 

route, or by direct extension, and the sites most affected are the pericardium or epicar-

dium (21). (Figure 1) 
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Figure 1. Pathogenesis of atrial fibrillation associated with cancer. ANS, autonomic nervous sys-

tem. CV, cardiovascular; * Obesity, hypertension, DM, CVDs (HF, VHD, IHD, cardiomyopathies, 

cardiac amyloidosis), thyroid diseases, obstructive sleep apnoea, chronic obstructive pulmonary 

disease, chronic kidney disease, autonomic dysfunction, alcohol consumption, genetic predisposi-

tion. 

3. Management of Atrial Fibrillation in the setting of Cancer (rate and rhythm control) 

Although the management of AF in patients with cancer should follow the 2020 

European Society of Cardiology (ESC) guidelines on AF and the ‘ABC pathway’  ap-

proach should be applied there are some exceptions where treatment modifications 

should be considered (22,23).  

Among rate-control drugs, beta-blockers are preferred, especially if the cancer 

therapies have a potential cardiac dysfunction risk. Calcium channel blocker (diltiazem 

and verapamil) should be avoided if possible due to drug-drug interactions and negative 

inotropic effects. The same applies to digoxin, which is to be considered a second choice 

(11). The decision to convert AF to sinus rhythm (rhythm control) is made individually 

for each patient. For older adults, who are especially vulnerable to the side effects of an-

tiarrhythmic medications, there is less emphasis on rhythm control. Rhythm control may 

be indicated in patients who are significantly symptomatic from AF or whose AF is dif-

ficult to rate control (24). To convert AF to sinus rhythm, both electrical and pharmaco-

logic methods can be used. For unstable patients (altered mental status, hypotension, 

chest pain or hypoxia attributed to arrythmia), emergency electrical cardioversion is the 

first-line therapy. Flecainide and Propafenone are anti-arrhythmic medications that are 

frequently used for pharmacologic cardioversion. However, many older adults, includ-

ing those with cancer, have underlying structural heart disease, which restricts the use of 

these therapies in this group due to its increased pro-arrhythmic effects (25).  
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Although amiodarone is effective in maintaining sinus rhythm, it has greater toxici-

ties than other antiarrhythmics used in AF. There is a strong temporal relationship be-

tween therapy with taxanes, such as paclitaxel and docetaxel, used for the treatment of 

many cancers, such as breast and lung cancer, and the development of severe skin and 

mucosal toxicity due to reduced clearance of taxanes in patients taking amiodarone (26). 

Amiodarone has also been shown to increase the adverse effects of radiation on the skin 

and mucous membranes (27). In older adults with a normal QTc interval, sotalol, a class 

III antiarrhythmic agent, may be a good choice for maintaining sinus rhythm (22). 

However several anti-cancer treatments, may contribute to QTc prolongation, which can 

lead to life-threatening ventricular arrhythmias (28). Kinase inhibitors, such as dasatinib 

and ruxolitnib, used to treat chronic myeloid leukemia and myelofibrosis, may cause QTc 

interval prolongation. Arsenic trioxide, which is used to treat promyelocytic leukemia, 

may also cause QTc interval prolongation. Some anti-emetic drugs, such as ondansetron, 

which is commonly used in cancer patients to prevent and treat nausea, may also con-

tribute to QTc prolongation (28). The possibility of ablation of atrial fibrillation should be 

discussed in selected patients with heart failure (HF) and uncontrolled symptoms, taking 

into account cancer status and prognosis (30). However, it has not been studied in cancer 

patients. Finally, if the above-mentioned strategies fail to control AF, AV node ablation 

with permanent pacing should be considered to alleviate symptoms and haemodynamic 

effects of refractory AF (31). 

4. Anticoagulant treatment: what to do? 

Risk benefit decision about anticoagulation: Ischaemic and bleeding risck 

Anticoagulant therapy is a complex challenge, as cancer patients present both a high 

thrombotic and haemorrhagic risk. According to the ESC guidelines, the therapeutic de-

cision should be based on both the CHA 2 DS 2 -Vasc (Congestive heart failure, Hyper-

tension, Age ≥ 75 years [2 points], Diabetes mellitus, Stroke [2 points]-Vascular disease, 

Age 65-74 years, Sex category [female]) score and on haemorrhagic risk scores such as 

HASBLED (Hypertension, Abnormal renal and liver function, Stroke, Bleeding Labile 

international normalized ratio, Elderly, Drugs or alcohol); although these have not been 

validated in cancer patients (22,23, 32).  In a retrospective cohort study including 

2,435,541 adults hospitalised with AF the predictive value of the CHA2DS2-VASc score 

was lower in patients with cancer than in those without. In addition, cancer is often as-

sociated with a propensity to thrombosis but it is not mentioned as a risk factor  in the 

CHA2DS2-Vasc (33). Therefore, some patients with cancer and AF, such as those aged 

65-75 years, who have no other risk factors, may not receive anticoagulant therapy de-

spite being at high risk of embolic events (34). With regard to the assessment of bleeding 

risk, the HAS BLED was quite accurate (33) although the HEMORR2HAGES score also 

includes a history of malignancy and thrombocytopenia in the risk assessment (35). The 

latter is an important finding as it has been shown that platelets < 100,000 × 10 9/L in-

crease the risk of bleeding for cancer patients taking anticoagulants and tumours together 

with cancer treatments may cause thrombocytopenia (36,18). Pastori et al proposed an 

alternative approach for risk stratification including: The acronyms T (thrombotic risk), B 

(bleeding risk), I (drug interactions), and P (patient access and preferences) (33). This al-

gorithm guides the clinician in adopting an appropriate therapy based on a comprehen-

sive assessment of all aspects of the cancer patient. 
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Figure 2. Structured approach to anticoagulation for atrial fibrillation in patients with cancer. AF, 

atrial fibrillation; CHA2DS2-VASc, Congestive heart failure, Hypertension, Age ≥ 75 years (2 

points), Diabetes mellitus, Stroke (2 points)—Vascular disease, Age 65–74 years, Sex category (fe-

male); eGFR, estimated glomerular filtration rate; GI, gastrointestinal; GU, genitourinary; 

HAS-BLED, Hypertension, Abnormal renal and liver function, Stroke, Bleeding Labile interna-

tional normalized ratio, Elderly, Drugs or alcohol. 

5. Choice of anticoagulant therapy  

Vitamin K antagonists (VKAs) are rarely used in cancer patients due to their draw-

backs and drug interactions in this setting; low-molecular-weight heparins (LMWH) 

have not been proven to be effective in preventing stroke or systemic embolism in AF and 

cancer, and their use is only justified by their demonstrated efficacy and safety in venous 

thromboembolism (VTE). (37). 

No specifically designed randomized controlled trial has looked at the use of 

non-vitamin K antagonist oral anticoagulants (NOACs) for AF in cancer patients. Large 

observational studies and post-hoc analyses of pivotal trials utilizing NOACs in AF pa-

tients indicate that NOACs are safe and at least as effective as VKAs in patients with AF 

and active cancer. A minority of patients with a history of cancer (640 out of 14264) have 

been enrolled in the ROCKET AF trial with the most common types of malignancies be-

ing prostate, colorectal, and breast cancer. There were not significant differences between 

rivaroxaban and warfarin in terms of relative efficacy and safety between patients with 

and without a history of cancer. The risk of ischemic events was not affected by a history 

of malignancy, although it did raise the risk of bleeding and non-cardiovascular death 

(38). 

A history of cancer was present in 6.8% of participants only in the ARISTOTLE trial. 

A history of cancer was not substantially related with major bleeding, mortality, stroke, 

or systemic embolism. Apixaban was as effective as warfarin in preventing stroke and 
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systemic embolism in patients with and without a history of cancer, and its safety profile 

was comparable to that of warfarin (39).  

A minority (5.5%) of patients in the ENGAGE AF - TIMI 48 study had a new or re-

current cancer diagnosed, with the gastrointestinal tract, the prostate, and the lung being 

the most common sites. Malignancy per se was associated with a higher risk of overall 

mortality and severe bleeding, but not for stroke or systemic embolism. In AF patients 

who develop cancer, edoxaban maintains its efficacy and safety profile, making it a po-

tentially more useful treatment choice (40).  

NOACs showed a better safety profile than warfarin in patients with underlying 

malignancy and AF, according to a large retrospective American database investigation. 

Warfarin was associated with greater death rates in addition to a higher risk of hemor-

rhagic stroke.  

(41). 

To confirm the security and effectiveness of NOACs in patients with active malig-

nancy and AF, an administrative dataset was examined. NOACs users had decreased or 

equivalent rates of bleeding, stroke, and incident VTE compared to warfarin users (42).  

An additional study of 40,271 individuals with AF and cancer using retrospective 

data from Medicare and other commercial claims databases revealed that apixaban was 

associated with a lower risk of stroke/systemic embolism and significant bleeding com-

pared to warfarin, although dabigatran and rivaroxaban exhibited equivalent hazards 

(43). According to a recent meta-analysis, NOACs were linked to a significantly lower 

rate of serious bleeding complications and thromboembolic events in patients with can-

cer and AF compared to VKA (44).  

NOACs, with apixaban being the best of those examined, demonstrated a decreased 

incience of stroke/systemic embolism, VTE, all-cause death, and significant bleeding in 

AF patients with cancer than warfarin, according to network meta-analysis (45). 

At the MD Anderson Cancer Center, 1133 patients with current malignancy and AF 

were included in a recent single institution retrospective analysis.  The result in terms of 

cerebrovascular accident, gastrointestinal bleeding, and cerebral hemorrhage of NOAC 

versus VKA was compared using propensity score matching. The study revealed that 

patients with active malignancy had equivalent risks for cerebrovascular accident, gas-

trointestinal bleeding, and cerebral hemorrhage when given NOACs instead of warfarin 

for AF (46).  

According to a Surveillance, Epidemiology, and End Results cancer registry data-

base analysis, similar risks of stroke, systemic embolism, and severe bleeding have been 

observed in older persons with cancer and AF who were exposed to NOACs or to war-

farin. In comparison to warfarin, NOACs use was linked to a decreased risk of death 

from all causes and a similar risk of cardiovascular death (47). 

Although use of NOACs for AF in cancer patients grew from 2010 to 2016, there is 

still a significant percentage of patients with AF and cancer who are not taking antico-

agulation (48). 

According to recent ESC guidelines on cardio-oncology, the use of NOACs in cancer 

patients with AF is broadly accepted in light of previous findings even if a clear pro-

spective evaluation is lacking. NOAC should be considered for stroke prevention instead 

of LMWH and VKA in patients without significant drug-drug interactions, mechanical 

heart valves, or moderate-to-severe mitral stenosis (37).  

Similarly, The International Society on Thrombosis and Haemostasis already rec-

ommended that specific decisions for a patient with cancer and AF be made, taking into 

account the risk of bleeding and stroke. If there are no substantial interactions with on-

cological medications in patients who started anticoagulation prior to receiving an-

ti-cancer treatment, therapy shouldn't be changed. If there are no substantial drug-drug 

interactions, NOACs should be chosen over VKAs or low-molecular-weight heparin in 

patients with newly diagnosed AF receiving chemotherapy. Patients with gastrointesti-

nal neoplasms or other gastrointestinal tract conditions that increase bleeding risk are the 

exception (49). 
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The use of LMWH should be only considered in patients with active cancer and AF 

who are not suitable for NOAC (50). Although several early reports point to the efficacy 

and safety of NOACs in cancer patients with AF, but RCTs should confirm these results. 

(51) 

However, individuals with active cancer constitute a challenging pa-

tient population that requires extra attention. Oral anticoagulant therapy in cancer pa-

tients may be hampered by other factors like drug-drug interactions, renal impairment, 

and thrombocytopenia (52). Drug interaction is not limited to anticancer agents but also 

supportive care drugs (i.e. antiemetics, opioids, etc) must be taken into consideration 

(53).  

Active cancer patients are likely to benefit from a closer follow-up plan with regular 

re-evaluations given the rapidly changing clinical scenario. A multidisciplinary man-

agement that considers individual bleeding and thrombotic risks, drug-drug interactions, 

patient preferences, and routine clinical evaluation is necessary to identify the appropri-

ate anticoagulation strategy for cancer patients (52).  

In conclusion, the safety and efficacy of NOACs for stroke prevention in cancer pa-

tients with AF are being supported by accumulating research, making them a viable and 

patient-centered anticoagulation therapy (Table 1). 
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Table 1. Large observational studies and post-hoc analyses of pivotal trials utilizing NOACs in AF 

patients. 

Study 

design  

Efficacy 

outcomes 

Safety 

outcomes 
Participants 

AF 

patient

s with 

cancer 

on 

NOAC

, n (%) 

NOAC 

prescribe

d (n) 

Type of 

cancer 

Follow-

up, y or 

m 

Post hoc 

analysis 

from 

ARISTOTL

E trial (39) 

Stroke, 

systemic 

embolism. 

Secondary 

endpoints 

included 

myocardial 

infarction 

and death 

Major 

bleeding, 

(ISTH 

criteria) 

18,183 

patients 

with AF, a 

total of 615 

patients had 

a history of 

cancer at 

baseline 

615 

(49.8) 
Apixaban 

Prostate (29) 

Breast (16) 

Colon (11) 

Bladder (7) 

Gastric (2)  

Lung (3) 

Melanoma 

(6)  

Others (26) 

1.8 

Post hoc 

analysis 

from 

ROCKET-A

F trial (38) 

Stroke, 

Systemic 

Embolism 

Composite 

of major 

and NMCR 

bleeding 

events. 

14 264 

patients 

with AF, a 

total of 640 

patients 

(4.5%) had a 

history of 

cancer at 

baseline 

640 
Rivaroxab

an 

Prostate 

cancer (28.6) 

Colorectal 

cancer (16.1) 

Breast 

cancer (14.7) 

Genitourina

ry cancer 

(12.2)  

Others 

(34.4) 

1.9 

Post hoc 

analysis 

from 

ENGAGE- 

AF TIMI 48 

(40) 

composite 

of stroke 

(ischemic or 

hemorrhagi

c) or SEE 

major 

bleeding, 

(ISTH 

criteria) 

21 105 

patients 

with atrial 

fibrillation, 

of which 

1153 

patients 

(5.5%) had 

also cancer 

1153 

(5.5) 
Edoxaban 

Gastrointest

inal (20.6%), 

prostate 

(13.6%), 

lung 

(11.1%), 

bladder 

(7.7%), 

breast 

(6.7%) 

2.8 

Retrospecti

ve 

observation

al study 

performed 

utilizing the 

national 

VA* 

Healthcare 

data (41) 

all-cause 

mortality, 

ischemic 

stroke 

hemorrhagi

c stroke 

654,732 

patients 

who 

received 

care at the 

VA from 

2010 to 2015 

and were 

diagnosed 

with active 

cancer and 

AF 

196,521 

(30) 

Not 

specified 

Not 

specified 
1.0 
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Retrospecti

ve analysis 

of a large 

health care 

claims 

database 

(42) 

Not severe 

bleeding 

events, 

ischemic 

stroke, and 

VTE 

(secondary 

outcomes) 

severe 

bleeding 

events 

(primary 

outcome) 

532 743 AF 

patients 

with cancer 

41 036 

(7) 

Rivaroxab

an, 

Apixaban, 

Dabigatra

n 

Genitourina

ry (29.7) 

Breast (20.9) 

Lung (11.1) 

Gastrointest

inal (11.6) 

Gyneco-onc

ological 

(2.4) 

Hematologi

cal (9.4) 

Other (14.9) 

 

retrospectiv

e cohort 

study (46) 

Cerebrovasc

ular 

accident 

Gastrointest

inal 

bleeding, 

intracranial 

hemorrhage 

1,133 

patients 

with active 

cancer and 

NVAF 

842 

(74.3%) 

Apixaban, 

Rivaroxab

an, 

Dabigatra

n, 

Edoxaban 

Breast 

Genitourina

ry 

Gastrointest

inal  

Hematologi

c 

Lung 

Skin 

4.4 

retrospectiv

e cohort 

study (47) 

ischemic 

stroke or 

systemic 

embolism 

major 

bleeding 

7675 

patients 

with active 

cancer and 

NVAF 

4244 

(55.3%) 

Apixaban, 

Rivaroxab

an, 

Dabigatra

n 

Prostate 

(22.2) 

Breast (19.6) 

Lung (19.3) 

Colorectal 

(14.5) 

 

7.7 

(month

s) 

A 

retrospectiv

e 

observation

al subgroup 

analysis of 

the 

ARISTOPH

AS (43) 

time to first 

stroke/SE 

time to first 

major 

bleeding 

466,991 of 

which 9% 

(40271) had 

also active 

cancer 

24900 

Apixaban, 

Rivaroxab

an, 

Dabigatra

n 

prostate 

(29%), 

female 

breast 

(17%), 

genitourinar

y (14%),  

 lung (13%) 

6-8 

months 

6. Conclusion 

AF is a very common comorbidity in cancer patients as there are several mecha-

nisms that can trigger it or make it worse. 

Rate control is frequently preferred over rhythm control strategy in cancer patients 

due to the higher prevalence of side effects of anti-arrhythmic drugs and the numerous 

interactions with chemotherapy treatments. Anticoagulation risk-benefit ratio decisions 

and anticoagulant drug selection remain difficult challenges. This population is predis-

posed to thromboembolic and hemorrhagic complications. The current risk scores used 

in the general population have not been validated in this subgroup and do not always 

provide a true estimate of risk. Although there is substantial evidence in favour of DO-

ACs, they are currently underutilized in favor of more widespread use of LMWH, which 

should be considered a second choice, and VKAs. Close follow-up remains a key issue, 

given the rapidly changing clinical scenario. 
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