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Abstract

Aims This study aimed to examine the prognostic significance of a history of cancer and atrial fibrillation (AF) in antithrom-
botic therapy for patients with chronic heart failure (CHF).
Methods and results We enrolled consecutive 4876 CHF patients (69 ± 12 years; women, 31.9%) in our multicentre,
hospital-based cohort study, the Chronic Heart Failure Analysis and Registry in the Tohoku District-2 (CHART-2), with a median
follow-up of 8.7 years. Among them, 14% and 41% had a history of cancer and AF, respectively. AF patients with a history of
cancer were older, more frequently men. History of cancer was not statistically associated with higher rate of composite of
stroke, systemic thrombosis, and major bleeding defined by International Society on Thrombosis and Haemostasis [Fine–Gray
sub-distribution hazard ratio (sHR) accounting for the competing risk of all-cause death, 0.91; 95% confidence interval (CI),
0.56–1.48; P = 0.715]. The patients with history of cancer and AF had a heightened risk for the composite of stroke, systemic
thrombosis, and major bleeding (sHR, 1.64; 95% CI, 1.04–2.60; P = 0.033), especially in those aged >75 years (sHR, 2.14; 95%
CI, 1.01–4.53; P = 0.046) and those with ischaemic heart disease (IHD; 2.48; 1.30–4.72; P = 0.006). Furthermore, 36% of AF
patients with a history of cancer did not receive anticoagulant therapy.
Conclusions The CHF patients with history of cancer and AF had higher risk for stroke, systemic thrombosis, and major
bleeding, especially in the elderly and those with IHD, but considerable number of the patients did not receive anticoagulant
therapy, indicating the need for better optimal anticoagulation strategy.
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Introduction

Cardiovascular disease and cancer are leading causes of
death worldwide.1 Both disorders share the common risk
factors and pathophysiology that activate neurohumoral
pathway, leading to the development and progression of
cancer.2 Previous studies showed that patients with chronic
heart failure (CHF) have an increased risk of cancer3 and
cancer death4 and conversely that a history of cancer is
associated with increased risk of HF hospitalization,
all-cause death, and cardiac death in HF patients.1 Further-

more, in both cancer and HF, atrial fibrillation (AF) is
frequently associated with these disorders (14% in cancer
and 4–50% in HF), suggesting an overlap in the pathophysio-
logical processes between the two disorders.2,3 For the
treatment of AF, anticoagulation is recommended to reduce
the risk of stroke and mortality.4 However, the benefits of
antithrombotic therapy are occasionally offset by bleeding
complications, especially when patients with AF are taking
antiplatelets for other comorbidities, such as coronary artery
disease, peripheral artery disease, and internal carotid artery
stenosis.5,6 Furthermore, limited data exist regarding the
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predictive value of a history of cancer in HF patients with AF,
particularly among those with anticoagulants and/or
antiplatelets at high risk for bleeding.

In the present study, we thus aimed to examine the
prognostic impact of a history of cancer and AF for stroke,
thrombosis, and bleeding according to the use of anticoagu-
lants and antiplatelets in the large-scale, hospital-based,
prospective CHF cohort, named the Chronic Heart Failure
Analysis and Registry in the Tohoku District-2 (CHART-2)
Study.7–11

Methods

CHART-2 Study

The CHART-2 Study is a hospital-based prospective observa-
tional study with 23 hospitals in 6 prefectures in Japan. The
design and methods have been previously described in
detail.7 In brief, from October 2006 and March 2010, we en-
rolled consecutive patients older than 20 years with signifi-
cant coronary artery disease and those in Stage B (structural
heart disease but without signs or symptoms of HF), Stage C
(structural heart disease with earlier or current symptoms of
HF), and Stage D enumerated by the professional
guidelines.12,13 Subjects in Stage B must meet at least one
of the following structural disorders and must not have signs,
symptoms, or history of hospitalization for heart failure: (i)
enlarged left ventricular end-diastolic dimension (≥55 mm)
measured on echocardiography, (ii) impaired left ventricular
ejection fraction (≤50%) measured on echocardiography, (iii)
thickened interventricular septum (>12 mm) and/or thick-
ened left ventricular posterior wall (>12 mm) measured on
echocardiography, (iv) significant valvular stenosis/insuffi-
ciency, (v) significant myocardial abnormalities, (vi) congeni-
tal abnormalities, and (vii) previous cardiac surgery. In Stage
C, the diagnosis of HF was made by attending cardiologists
based on the criteria of the Framingham study.14 Enrolment
began in October 2006 and ended in March 2010. All infor-
mation, including medical history, laboratory data, and echo-
cardiography data, were recorded in a computer database at
the time of enrolment. Annual follow-up was made by clinical
research coordinators by means of review of medical records,
surveys, and telephone interviews. The present study
conformed to the Declaration of Helsinki. The study protocol
was approved by institutional review boards at each field
centre, and all participants provided written informed
consent.11

History of cancer

Experienced clinical research coordinators of the CHART-2
Study collected baseline data from the hospital databases.

History of cancer was documented at baseline assessment
as part of medical history. Baseline medications were
reviewed to identify patients receiving cancer treatment with
hormonal or chemotherapeutic agents. These patients were
defined as actively treated cancer and were excluded from
the group of a history of cancer. No additional information
on cancer stage or treatment was collected.

Outcomes

The primary outcome was composite of stroke, thrombosis,
and major bleeding. Stroke was defined as a loss of neurolog-
ical function caused by an ischaemic or haemorrhagic event
with residual symptoms at least 24 h after onset based on
the imaging (computed tomographic scan or magnetic
resonance imaging).15 Major bleeding was defined by the
International Society on Thrombosis and Haemostasis
criteria.16

All events were reviewed and adjudicated by consensus of
three independent physicians, the members of the Tohoku
Heart Failure Association. They reviewed case reports, death
certificates, medical records, and summaries provided by the
investigators.

Statistical methods

Clinical characteristics are described by a history of cancer
and AF. We then evaluated the association of a history of
cancer and AF, and a composite of stroke, systemic thrombo-
sis, and major bleeding according to antithrombotic therapy,
using Kaplan–Meier curves with log-rank tests. Based on
literature search, we considered the following variables as
the potential confounders: age, sex, left ventricular ejection
fraction, New York Heart Association (NYHA) functional class,
systolic blood pressure, heart rate, body mass index, serum
sodium, smoking status, aetiology of ischaemic heart disease
(IHD), diabetes, history of previous HF hospitalization, history
of stroke, brain natriuretic peptide (BNP), and estimated
glomerular filtration rate.17,18 Then, we tested for inclusion
in the regression models by stepwise selection with signifi-
cance level at <0.05. When assessing prognostic impacts of
a history of cancer for stroke, systemic thrombosis, and major
bleeding, we employed Fine–Gray competing risk model
considering all-cause death as the competing risk.19

Differences in the incidence rate of the composite of stroke,
systemic thrombosis, and major bleeding stratified by a
history of cancer and AF according to antithrombotic therapy
were tested by median-unbiased estimation (Mid-P)
method.20 A two-sided P value of <0.05 was considered to
be statistically significant. All analyses were performed with
STATA 17 (College Station, TX, USA).
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Results

Baseline patient characteristics

Mean age of the 4876 study participants was 67 ± 13 years
and 32% were women (Table 1). Among them, 14% and
41% had a history of cancer and AF, respectively. The type
of cancer was as follows: colorectum (N = 141, 21%), stomach
(N = 139, 21%), prostate (N = 75, 11%), breast (N = 48, 7%),
lung (N = 40, 6%), oesophagus (N = 19, 3%), cervix uteri and
body (N = 17, 3%), liver (N = 16, 2%), pancreas (N = 14,
2%), other cancer (N = 156, 23%), and unknown (N = 3,
1%). Median BNP level was 104.0 [interquartile range (IQR)
41.3, 239.0] pg/mL. History of HF and stroke was noted in
53% and 20.5% of overall subject, respectively. AF patients
with a history of cancer were older, more frequently men,
and more likely to have higher BNP levels (Table 1). Among
the four categories of patients by a history of cancer and
AF, patients with both of them had a highest prevalence of
history of HF hospitalization compared with other three
groups (Table 1).

Association between history of cancer and atrial
fibrillation in long-term prognosis in chronic heart
failure patients

Overall, patients with AF had a higher event rate for the
composite of stroke, systemic thrombosis, and major bleed-
ing (Figure 1 and Supporting Information, Table S1). When a
history of cancer and AF coexisted, patients had the highest
event rate (Figure 1A), mainly driven by stroke (Figure 1B)
or bleeding (Figure 1C). Patients with AF also had higher
event rates for all-cause mortality and highest event rate
when associated with a history of cancer (Supporting
Information, Figure S1A). Consistent findings were also
noted for cardiovascular death (Supporting Information,
Figure S1B), cancer death (Supporting Information,
Figure S1C), and the composite of myocardial infarction,
stroke, systemic thrombosis, and HF hospitalization
(Supporting Information, Figure S1D). Of note, patients with
AF but without a history of cancer had a similar event rate
of cancer death compared with those without AF but without
a history of cancer (Supporting Information, Figure S1C).

After adjusting for age, sex, NYHA functional class, BNP,
heart rate, haemoglobin, history of stroke, and IHD,
considering all-cause death as a competing risk, history of
cancer was not associated with an increased risk of the
composite of stroke, systemic thrombosis, and major bleed-
ing [sub-distribution hazard ratio (sHR), 0.94; 95% confidence
interval (CI), 0.55–1.62; P = 0.823] (Figure 2). The patients
with history of cancer and AF had a heightened risk for the
composite outcome (sHR, 1.64; 95% CI, 1.00–2.69;Ta
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P = 0.049) (Figure 2). When using the Cox regression model,
we observed similar trend between history of cancer, AF,
and the composite outcome. These observations were
evident especially in patients aged >75 years (sHR, 2.65;
95% CI, 1.25–5.63; P = 0.011 in those with history of cancer
and AF) and those with IHD (2.42; 1.17–5.00; P = 0.018).

Antithrombotic therapy and the risks of stroke,
thrombosis, and bleeding in chronic heart failure
patients

In overall population, 38.8% and 60.9% received anticoagu-
lant and antiplatelet, respectively, and median prothrombin
time and international normalized ratio (PT-INR) level was
1.7 [IQR 1.5, 2.1]. Between the AF patients with and without
a history of cancer, median [IQR] PT-INR levels were 1.8 [1.5,
2.2] and 1.8 [1.4, 2.1], respectively (Table 1). Of note, 36% of
the AF patients with a history of cancer (n = 296) and 33% of
those without a history of cancer (n = 1709) did not receive
anticoagulant (Table 1). When stratifying the AF patients by
a history of cancer, anticoagulant and/or antiplatelet use,
median PT-INR [IQR] levels were similar: 1.8 [1.5, 2.2] in (�)
cancer/(+) AF/(+) anticoagulant/(�) antiplatelet, 1.8 [1.5,
2.1] in (�) cancer/(+) AF/(+) anticoagulant/(+) antiplatelet,

1.8 [1.4, 2.1] in (+) cancer/(+) AF/(+) anticoagulant/(�)
antiplatelet, and 1.8 [1.4, 2.2] in (+) cancer/(+) AF/(+)
anticoagulant/(+) antiplatelet, P = 0.77, among four groups
(Supporting Information, Table S1).

In AF patients without a history of cancer, those with
anticoagulant therapy had a significantly lower event rate
for the composite of stroke, systemic thrombosis, and major
bleeding compared with those with both anticoagulant and
antiplatelet (28.9 vs. 38.7/1000 person-years: P = 0.02)
(Figure 3). In AF patients with a history of cancer, anticoagu-
lant monotherapy had also a lowest composite event rate
compared with those with both therapy (37.1 vs. 58.3/1000
person-years; P = 0.13). Notably, in AF patients with a history
of cancer, patients without anticoagulant nor antiplatelet
had a higher event rate (64.2/1000 person-years). When
assessing the risk of bleeding in cancer patients with antico-
agulant, history of cancer and AF was associated with height-
ened risk of bleeding (sHR, 1.76; 95% CI, 1.11–2.77; P = 0.015)
(Supporting Information, Table S3).

Discussion

The present study is one of the largest studies with long-term
prognosis to assess the prognostic significance of a history of

Figure 1 Kaplan–Meier curves representing association of AF and a history of cancer with (A) composite of stroke, systemic thrombosis, and major
bleeding, (B) stroke, (C) systemic thrombosis, and (D) major bleeding. AF, atrial fibrillation.
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Figure 2 Association of a history of cancer and AF with composite of systemic thrombosis and major bleeding in overall and subgroups. Considering
all-cause death as the competing risk, the Fine and Gray model was adjusted for age, sex, New York Heart Association functional class, brain natriuretic
peptide, heart rate, haemoglobin, history of stroke, and ischaemic heart disease (IHD). AC, anticoagulant; AF, atrial fibrillation; HR, hazard ratio; LVEF,
left ventricular ejection fraction.
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cancer and AF in CHF patients, providing the important novel
insights into a history of cancer as a predictor, and its
relationship to anticoagulants and antiplatelets for clinical
events.

We here report two novel findings. First, a history of
cancer and AF increase the risk for the composite of stroke,
systemic thrombosis, and major bleeding even after adjusting
for potential confounders in CHF patients, especially in the
elderly and those with IHD. Second, 36% of AF patients with
a history of cancer did not receive anticoagulant therapy
even though they had lower composite event rate compared
with those who received it.

Heart failure and AF are closely inter-related with similar
risk factors and shared pathophysiology. Patients with
concomitant HF and AF suffer from even worse symptoms
and poorer prognosis, as we previously reported.21 Further-
more, recent studies acknowledged emerging evidence on
the association between AF and malignant cancers.22,23

Indeed, patients with cancer are also at increased risk of
developing AF, suggesting that AF and cancer may interact
with each other on pathophysiological grounds.
Cancer-related inflammation, anti-cancer treatment, and
other cancer-related comorbidities are proposed to affect
atrial remodelling, increasing the susceptibility of cancer
patients for developing AF. Previous registry study in
Denmark reported that patients with AF (n = 269 742) had
a 2.5% (95% CI, 2.4–2.5%) absolute risk of cancer in the first
3 months after diagnosis of AF, which represented a
five-fold increased risk.22 In this study, the authors found that
the cases of cancer were more likely to be metastatic (57%)

at the time of diagnosis, suggesting that AF was unlikely to
have caused by cancer.22 In the present study, patients with
AF but without a history of cancer had a similar event rate
of cancer death compared with those without AF or a history
of cancer, suggesting that AF itself is not oncogenic.

To date, attention to a history of cancer has been paid
mainly for patients with IHD or AF.24,25 In the Coronary
REvascularization Demonstrating Outcome Study in Kyoto
(CREDO-Kyoto) percutaneous coronary intervention
(PCI)/coronary artery bypass grafting (CABG) Registry Cohort-
2, the investigators examined the impacts of a history of
cancer on clinical outcomes in patients with coronary artery
disease who underwent PCI.26 They found that patients with
a history of cancer at the time of PCI had an increased risk of
cardiac events, such as cardiac death and HF hospitalization,
as well as non-cardiac events, such as non-cardiac death,
major bleeding, and non-CABG surgery.24 In the present study,
we now extend the prognostic impact of a history of cancer to
CHF patients with AF, especially in the elderly and those with
IHD. Indeed, the previous study with 8962 AF patients includ-
ing 4130 elderlies (age ≥ 75 years) showed that event rates of
death, stroke/thromboembolism, the composite of stroke/
thromboembolism/death, and major bleeding increased with
age,27 suggesting that elderly patients with AF have a higher
risk of stroke and bleeding. We also observed that the associ-
ation among history of cancer, AF, and the composite of
stroke, systemic thrombosis, and major bleeding was evident
in women. However, these findings should be interpreted with
caution. Even though our main findings were consistent in
different statistical analyses, the multiplicity of study sample

Figure 3 Event rates (/1000 person-years) for the composite of stroke, systemic thrombosis, and major bleeding stratified by history of cancer and AF
according to antithrombotic therapy. The rate differences were tested by median-unbiased estimation method. AF, atrial fibrillation.
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should be considered. Indeed, the impact of female gender on
the risk of stroke and bleeding among patients with AF is
controversial and is not well known in those with HF.26,28

For example, a previous study reported that female gender
has altered impact on ischaemic stroke or systemic
embolism in AF patients with different CHA2DS2 VASc scores,
and hence, gender may modify the risk of stroke.28 However,
another study reported that there were no differences in
the risk of stroke between women and men with AF taking
warfarin and risk of bleeding was lower in women,
suggesting female gender may not be a risk factor for the
outcome.26

Treating AF in patients with malignancies is a challenge,
especially in terms of antithrombotic therapy, because cancer
may result in an increased risk of either thrombosis or
haemorrhage and an unpredictable anticoagulation response.
Indeed, in the present study, in AF patients with a history of
cancer, 36% did not receive anticoagulant, whereas 26%
received both anticoagulant and antiplatelet. A previous
retrospective study demonstrated that a fourth of AF patients
with ‘active’ cancer were not prescribed anticoagulation
therapy.29 Figure 2 shows that anticoagulant monotherapy
had numerically lower composite event rate compared with
those with both anticoagulant and antiplatelet. There has
been accumulating evidence showing that ‘less is more’
concept regimen of anticoagulant monotherapy is advanta-
geous for AF patients with multi-mobility.30 For example, the
ELDERCARE-AF trial has shown that in very elderly Japanese
patients (≥80 years of age) with non-valvular AF who were
not appropriate candidates for standard doses of oral antico-
agulants including IHD patients (26% of the total participants)
and/or current use of an antiplatelet drug, low-dose direct oral
anticoagulant (DOAC) (a once-daily 15 mg dose of edoxaban)
was superior to placebo in preventing stroke or systemic
embolism and did not increase the incidence of major
bleeding than placebo.31 Currently, no trials have been
conducted to compare the efficacy of novel oral anticoagu-
lants to vitamin K antagonists in AF patients with cancer.
Future studies should focus on optimal anticoagulation
therapy in specific situations.

Study limitations

Several limitations should be mentioned for the present
study. First, the number of patients with a history of cancer
and AF was relatively small, and we did not collect
information on staging and grading of cancer, limiting the
analysis for association between a history of cancer and
antithrombotic therapy. Second, since the CHART-2 Study
launched in 2006, anticoagulant at enrolment was warfarin
alone, the present results may be limited for patients who
received DOACs thereafter. However, the recent sub-analysis
of the ROCKET AF showed that the relative efficacy of

rivaroxaban vs. warfarin for prevention of stroke/systemic
embolism is comparable between patients with non-valvular
AF with and those without a history of cancer including
~63% of congestive HF (interaction P value = 0.21).25 Third,
we did not consider adherence, discontinuation, changes, or
crossover of antithrombotic therapy after enrolment in our
study. However, PT-INR levels in patients with anticoagulants
were within therapeutic range, suggesting acceptable
adherence levels in the present study. Fourth, we did not
have information to evaluate the association between bleed-
ing risk score (e.g. HAS-BLED score) and outcomes in the
study. Finally, because the CHART-2 Study is an observational
study in Japan, caution is needed when generalizing the data
to other populations.

Conclusions

In a large CHF cohort, we were able to demonstrate that a
history of cancer and AF increase the risk for the composite
of stroke, systemic thrombosis, and major bleeding in CHF
patients, especially in the elderly and those with IHD, but
considerable number of the patients did not receive
anticoagulant therapy. Further studies with longitudinal
multidisciplinary approach are needed for better optimal
anticoagulation strategy in CHF patients with AF and cancer.
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