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New Cancer Diagnosis After Bleeding 
in Anticoagulated Patients With Atrial 
Fibrillation
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BACKGROUND: Bleeding is frequent in patients with atrial fibrillation (AF) treated with oral anticoagulant therapy, and may be 
the first manifestation of underlying cancer. We sought to investigate to what extent bleeding represents the unmasking of an 
occult cancer in patients with AF treated with oral anticoagulants.

METHODS AND RESULTS: Using data from CardioCHUVI-AF (Retrospective Observational Registry of Patients With Atrial 
Fibrillation From Vigo’s Health Area), 8753 patients with AF aged ≥75 years with a diagnosis of AF between 2014 and 2017 
were analyzed. Of them, 2171 (24.8%) experienced any clinically relevant bleeding, and 479 (5.5%) were diagnosed with can-
cer during a follow-up of 3 years. Among 2171 patients who experienced bleeding, 198 (9.1%) were subsequently diagnosed 
with cancer. Patients with bleeding have a 3-fold higher hazard of being subsequently diagnosed with new cancer com-
pared with those without bleeding (4.7 versus 1.4 per 100 patient-years; adjusted hazard ratio [HR], 3.2 [95% CI, 2.6–3.9]). 
Gastrointestinal bleeding was associated with a 13-fold higher hazard of new gastrointestinal cancer diagnosis (HR, 13.4; 
95% CI, 9.1–19.8); genitourinary bleeding was associated with an 18-fold higher hazard of new genitourinary cancer diag-
nosis (HR, 18.1; 95% CI, 12.5–26.2); and bronchopulmonary bleeding was associated with a 15-fold higher hazard of new 
bronchopulmonary cancer diagnosis (HR, 15.8; 95% CI, 6.0–41.3). For other bleeding (nongastrointestinal, nongenitourinary, 
nonbronchopulmonary), the HR for cancer was 2.3 (95% CI, 1.5–3.6).

CONCLUSIONS: In patients with AF treated with oral anticoagulant therapy, any gastrointestinal, genitourinary, or bronchopulmo-
nary bleeding was associated with higher rates of new cancer diagnosis. These bleeding events should prompt investigation 
for cancers at those sites.
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Atrial fibrillation (AF) is the most common arrhyth-
mia worldwide, with a lifetime risk of 1 in 3 based 
on recent data.1 Recent registry data suggest 

that an AF diagnosis is associated with higher-than-ex-
pected cancer incidence rates.2,3 An important number 
of new-onset cancers in patients with AF are unmasked 
following a bleeding episode.4 In fact, bleeding has 
been considered an alerting sign to reveal preexisting 

cancers.5,6 Oral anticoagulants (OACs) could be con-
sidered as a “bleeding stress test,” which therefore 
could potentially unveil an occult cancer and improve 
the chance of early detection. However, bleeding is 
not an uncommon complication for patients with AF 
receiving OACs.7,8 In this sense, a provocative question 
is emerging: should a bleeding event prompt a search 
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for occult cancer in patients with AF treated with OAC 
therapy?

Currently, systematic screening for cancer in 
patients taking OACs and having a hemorrhagic 
episode is not formally conducted. However, the 
evidence and recommendations regarding the diag-
nostic workup and management of these bleeding 
complications remain relatively scarce.4,9 For the di-
agnosis of hidden cancers after bleeding in patients 
taking OACs, few data are currently available, most 
of them focused on gastrointestinal bleeding and 
gastrointestinal cancers.4,10 Whether bleeding should 
be considered a sufficient sign to justify an early de-
tection program in anticoagulated patients, similar to 

the one performed in those without OACs, still re-
mains unclear.

Using data from an unselected real-word cohort, we 
sought to estimate the absolute and relative risks of can-
cer in patients with AF receiving OAC therapy who pre-
sented bleeding complications, considering the timing, 
location, and severity of the hemorrhagic complication.

METHODS
The data that support the findings of this study are 
available from the corresponding author on reason-
able request.

Study Population
A cohort including all patients aged ≥75 years from 
the health area of Vigo (Galicia, Spain) with a diagno-
sis of AF between January 1, 2014, and December 31, 
2017 (CardioCHUVI-AF [Retrospective Observational 
Registry of Patients With Atrial Fibrillation From Vigo’s 
Health Area]), was used for this study. Patients were 
identified through administrative databases at both 
the hospital and ambulatory level, using the regional 
electronic healthcare records system, which also 
monitored information regarding echocardiographic 
and laboratory data, use of medication, any hos-
pital or outpatient clinic discharge diagnosis, and 
all-cause death. The system has several subcompo-
nents termed Complex Analysis Information Systems, 
which may be used to retrieve normalized and struc-
tured data about primary health care (SIAC-AP), 
hospital discharges (SIAC-HA), pharmacy (SIAC-PF), 
and patient characteristics (SIAC-CID).11 AF diagno-
sis was based on codes 427.31 of the International 
Classification of Diseases, Ninth Revision (ICD-9), 
and K78 of the International Classification of Primary 
Care, Second Edition (ICPC-2). In all patients, the di-
agnosis of AF was considered adequate only when 
an ECG was available to confirm it.

Among a total of 12  083 patients identified, elec-
tronic medical records were reviewed, to collect data 
about baseline clinical variables, therapeutic strategy, 
and follow-up events. Patients with preexisting cancer 
(n=1127), defined as diagnosed before the initiation of 
OACs, were excluded. We also excluded patients with 
missing follow-up data (n=4). Patients were divided into 
2 groups: anticoagulated (n=9029) and nonanticoag-
ulated (n=1923). For the purpose of this study, we fo-
cused on patients with AF who received OAC therapy 
(ie, warfarin, phenprocoumon, rivaroxaban, dabiga-
tran, or apixaban); we did not consider patients treated 
with heparin (n=276). Therefore, the final sample size 
of our study was composed of 8753 patients with AF 
treated with OAC therapy and without prior history of 
cancer (n=8753).

CLINICAL PERSPECTIVE

What Is New?
•	 Among patients with atrial fibrillation treated with 

oral anticoagulation who experienced bleeding 
in this study, 1 in 11 was subsequently diag-
nosed with cancer, and 41.3% of all new cancer 
diagnoses were in patients with prior bleeding.

•	 Sites of bleeding most commonly associated 
with new cancer diagnosis were gastrointesti-
nal, genitourinary, and bronchopulmonary, as-
sociated with a more than 10-fold higher hazard 
for subsequent cancer diagnosis in the respec-
tive organ systems.

What Are the Clinical Implications?
•	 Gastrointestinal, genitourinary, and bronchopul-

monary bleeding in patients with atrial fibrillation 
treated with oral anticoagulation should prompt 
careful investigation for possible underlying 
cancer in the respective organ systems, even if 
the bleeding is minor.

Nonstandard Abbreviations and Acronyms

CardioCHUVI-AF	 Retrospective Observational 
Registry of Patients With 
Atrial Fibrillation From Vigo’s 
Health Area

COMPASS	 Cardiovascular Outcomes for 
People Using Anticoagulation 
Strategies

ICPC-2	 International Classification of 
Primary Care, Second Edition

ISTH	 International Society on 
Thrombosis and Haemostasis

OAC	 oral anticoagulant
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The study was conducted in accordance with the 
principles of the Declaration of Helsinki and was ap-
proved by the local ethics committee (Autonomic 
Committee of Research Ethics from Galicia, code 
HAC-ACO-2018-01, registry 2018/258). Informed con-
sent of the patients was waived.

Bleeding Severity and Location
The exposure of interest was bleeding. Medical infor-
mation was collected for each participant regarding 
characteristics of bleeding events, location, clinical 
severity, imaging tests, hemoglobin levels, and blood 
transfusion.

The severity of bleeding events was classified ac-
cording to the statement by the International Society on 
Thrombosis and Haemostasis (ISTH). Major bleeding 
episodes were defined as fatal bleeding, symptomatic 
bleeding in a critical area or organ, or bleeding causing 
a reduced hemoglobin level of ≥2 g/dL, or leading to 
transfusion of ≥2 units of whole blood or red cells.12 
Clinically relevant nonmajor bleeding was defined as 
any sign or symptom of hemorrhage that did not fit the 
criteria for the ISTH definition of major bleeding but that 
required medical intervention by a healthcare profes-
sional, led to hospitalization or increased level of care, 
or prompted a face-to-face evaluation.13 Given that our 
aim was to establish the association between bleeding 
and the subsequent diagnosis of cancer, only bleeding 
episodes that occurred before—but not after—the clin-
ical diagnosis of cancer were taken into account.

Bleeding outcomes were classified into 4 groups 
according to their location: gastrointestinal, genitouri-
nary, bronchopulmonary, or bleedings from other sites. 
We defined gastrointestinal bleeding as hematemesis, 
melena, or hematochezia. Genitourinary bleeding in-
cluded hematuria or vaginal bleeding, whereas bron-
chopulmonary bleeding was defined as any type of 
hemoptysis.

Outcome
The primary outcome was a new diagnosis of can-
cer, defined as any solid malignancy other than non-
melanoma skin cancer diagnosed after the initiation of 
OACs. All cancer diagnoses were assessed and vali-
dated by medical record review by a physician panel of 
4 doctors. Cases where the initial diagnoses were not 
unanimous were reexamined together until consensus 
was reached. The priority to confirm the diagnosis of 
cancer was a definitive pathologic diagnosis from a 
pathology or cytology report. If tissue sample was not 
available, cases of cancer were otherwise confirmed 
based on strong clinical and radiological or labora-
tory marker evidence. Cancer diagnosis date was as-
signed based on the date of pathologic diagnosis, or 
on the clinical diagnosis date (eg, by date of suggestive 

imaging testing) when the pathology or cytology re-
port was not available. Cancer types were classified 
by anatomic and system primary involvement. In this 
study, we specifically classified cancers into 4 groups: 
gastrointestinal, genitourinary, bronchopulmonary, and 
cancer from other sites. We defined gastrointestinal 
cancer as cancer involving the esophagus, stomach, 
duodenum, jejunum, ileum, colon, or rectum. For geni-
tourinary cancers, we considered those involving the 
prostate, spermatic cord, uterus, cervix, vagina, kid-
ney, ureter, bladder, or urethra. Bronchopulmonary 
cancers included those involving the lung and bron-
chus. All cancers that did not meet these definitions 
were defined as cancer from other sites.

Statistical Analysis
Baseline characteristics in the overall study population, 
and by cancer status during follow-up, were described 
using frequencies and percentages for categorical 
data, and mean±SD for continuous data, respectively. 
Differences in characteristics were assessed using chi-
square tests and unpaired t tests, respectively.

We examined the absolute number and propor-
tion of new cancers diagnosed with and without prior 
bleeding. We evaluated the association between 
bleeding and new cancer diagnosis using unadjusted 
Cox proportional hazards models with the bleeding 
event modeled as a time-dependent covariate. The 
proportional hazards assumption was checked using 
plots of the log of the negative log of the survival func-
tion against the log of time. Multivariate analysis was 
performed after adjusting for those variables associ-
ated with new diagnosis of cancer during follow-up in 
the univariate analysis (Table S1), including age, female 
sex, smoking, prior stroke, prior admission by bleed-
ing, hemoglobin, CHA2DS2-VASC score, HAS-BLED 
score, and digoxin therapy. The interval from the time 
point of bleeding event to the diagnosis of new-onset 
cancer was also explored.

All P values were 2-sided and values <0.05 were 
considered significant. All statistical analyses were 
performed using STATA software version 15 (Stata 
Corp LLC).

RESULTS
A total of 8753 anticoagulated patients with AF were 
evaluated. The majority were women (61.7%), with a 
mean age of 82.7±4.5  years. Vitamin K antagonists 
were prescribed in 6091 patients (69.6%) and direct 
OACs in 2662 patients (30.4%). Further baseline char-
acteristics of the study population are described in 
Table S2.

Over a mean follow-up of 3.0±1.8 years, we identified 
bleeding events in 2171 patients (among them, 28.7% 
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were major bleeding), and new diagnosis of cancer in 
479 patients. Gastrointestinal and genitourinary bleed-
ing were the most frequent (21.1% and 19.8% of total 
bleeding, respectively [Figure  S1]). Table  S3 shows 
baseline characteristics of patients who experienced 
bleeding compared with those who did not experi-
ence bleeding. Among 2171 patients with bleeding, 
198 (9.1%) were diagnosed with new-onset cancer. For 
those 623 patients with major bleeding, 78 (12.5%) pre-
sented with a new diagnosis of cancer after the bleed-
ing event (Table 1). The rate of new diagnosis of cancer 
after bleeding events was similar in patients treated with 
vitamin K antagonists and direct OACs (Table S4).

Among patients with a new diagnosis of can-
cer (n=479), 198 (41.3%) were diagnosed in patients 
with prior bleeding, and 78 (16.3%) in patients with 
prior major bleeding (Table  2). Gastrointestinal can-
cer was the most frequent (n=162; 33.8%), followed 
by genitourinary cancer (n=139; 29.0%) (Figure  S2). 
Bronchopulmonary cancer represented 7.7% of total 
cancers (n=37). Figure  1 presents data on the rate 
of new cancers—according to location—preceded 
by bleeding in the respective organ systems. Among 
162 patients with a new diagnosis of gastrointestinal 
cancer, 42 (25.9%) were diagnosed in those with prior 
gastrointestinal bleeding. Among 139 patients with a 
new diagnosis of genitourinary cancer, 44 (31.7%) were 
diagnosed in those with prior genitourinary bleeding. 
Among 37 patients with a new diagnosis of broncho-
pulmonary cancer, 5 (13.5%) were diagnosed in those 
with prior bronchopulmonary bleeding. Of the remain-
ing 141 new cancer diagnoses, 26 were diagnosed in 
patient with other bleeding that was not gastrointes-
tinal, genitourinary, or bronchopulmonary. Diagnostic 
statistics including sensitivity and specificity and pos-
itive and negative predictive values for cancer diagno-
sis according to severity and location of bleeding are 
shown in Table S5.

The cumulative incidence of cancer after a bleeding 
episode is illustrated in Figure  2. Patients with 
any bleeding have a 3-fold higher hazard of being 
subsequently diagnosed with new cancer compared 
with those without prior bleeding (4.7 per 100 patient-
years versus 1.4 per 100 patient-years; hazard 
ratio [HR], 3.7 [95% CI, 3.0–4.5]). Figure  3 shows 
data on the association between bleeding site and 

new diagnoses of cancer. Gastrointestinal bleeding 
(n=458) was associated with a 13-fold higher hazard 
of new gastrointestinal cancer diagnosis (HR for any 
gastrointestinal bleeding, 13.4; 95% CI, 9.1–19.8). 
Genitourinary bleeding (n=429) was associated with 
an 18-fold higher hazard of new genitourinary cancer 
diagnosis (HR for any genitourinary bleeding, 18.1; 
95% CI, 12.5–26.2). Bronchopulmonary bleeding 
(n=111) was associated with a 15-fold higher hazard 
of new bronchopulmonary cancer diagnosis (HR for 
any bronchopulmonary bleeding, 15.8; 95% CI, 6.0–
41.3). For other bleeding that was not gastrointestinal, 
genitourinary, or bronchopulmonary (n=1173), the HR 
for cancer from sites other than the gastrointestinal, 
genitourinary, and bronchopulmonary tracts was 
2.3 (95% CI, 1.5–3.6). For further information, see 
Figures S3 through S6.

Figure  4 shows the percentage of new diagnosed 
cancers in relation to the time after the bleeding event. Of 
new cancers diagnosed after bleeding, 36 of 198 (18.2%) 
were diagnosed in the first month after the bleeding epi-
sode (29.5% after a major bleeding) and 71 (35.9%) within 
6 months after bleeding (61.5% after a major bleeding).

In the group of nonanticoagulated patients with AF 
(n=1923), antiplatelet therapy was prescribed in 55.7% 
(n=1072). Over a mean follow-up of 2.6±1.8 years, we 
identified bleeding events in 245 nonanticoagulated 
patients (12.7%) and new diagnosis of cancer in 130 
nonanticoagulated patients (6.8%). The cumulative in-
cidence of cancer was similar in anticoagulated and 
nonanticoagulated patients (2.0 [95% CI, 1.8–2.2] 
versus 2.1 [95% CI, 1.7–2.5] per 100 patient-years, 
respectively; P=0.803). However, the percentage of 
cancers that were diagnosed after a bleeding episode 
was significantly higher in anticoagulated patients 
(41.3% versus 17.7%, P<0.001). Like in anticoagulated 
patients, bleeding was associated with an increased 
risk of subsequent diagnosis of cancer in nonantico-
agulated patients with AF (adjusted HR, 1.8; 95% CI, 
1.1–2.9 [P=0.012]) (Table S6).

DISCUSSION
In this large observational study of anticoagulated 
patients with AF, we report that gastrointestinal, 

Table 1.  Association Between Bleeding and New Cancer Diagnosis According to Bleeding Severity

Population Patients, n

New Cancers Diagnosed
Unadjusted HR 

(95% CI)
Adjusted HR  

(95% CI) P ValueNo. %

No bleeding 6582 281 4.3 Reference Reference Reference

Any bleeding 2171 198 9.1 3.7 (3.0–4.5) 3.2 (2.6–3.9) <0.001

Nonmajor bleeding 1548 120 7.8 2.9 (2.3–3.7) 2.5 (1.9–3.1) <0.001

Major bleeding 623 78 12.5 6.2 (4.6–8.2) 4.2 (3.1–5.7) <0.001
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genitourinary, and bronchopulmonary bleeding may 
identify a high-risk group for new cancer diagnosis. 
Among 2171 patients who experienced bleeding, 1 
in 11 were subsequently diagnosed with new cancer. 
When we restricted our analysis to major bleeding form 
the gastrointestinal, genitourinary, or bronchopulmo-
nary tracts, 1 in 7 patients with prior major gastroin-
testinal bleeding were diagnosed with gastrointestinal 
cancer, 1 in 4 patients with prior major genitourinary 
bleeding were diagnosed with genitourinary cancer, 
and 1 in 21 patients with prior major bronchopulmo-
nary bleeding were diagnosed with bronchopulmonary 
cancer. For bleeding from other sites, the association 

with new cancer other than gastrointestinal, geni-
tourinary, and bronchopulmonary cancers was much 
weaker (only 1 in 45 bleedings [2.2%]).

Physicians have long been aware of the potential 
for bleeding to unmask underlying cancer, but most 
reports of the association between bleeding and can-
cer diagnosis are based on retrospective small case 
series, or analyses of databases designed to address 
other questions and do not provide reliable measures 
of the strength of association. Recently, a nationwide 
Danish retrospective study of anticoagulated patients 
with AF demonstrated high relative risks of colorectal 
cancer in patients with lower gastrointestinal bleeding.4 

Table 2.  Number of Patients With Bleeding or New Cancer Diagnosis and the Percentage of New Cancers Diagnosed in 
Patients With Bleeding According to Bleeding Site

Patients With Bleeding, n Patients With Cancer, n (%)

Organ System Any Bleeding Major Bleeding
CIF Cancer  

(Per 100 Patient-y) Total Patients
In Patients With 

Bleeding
In Patients With 
Major Bleeding

Any 2171 623 4.7 (4.1–5.4) 479 198* (41.3) 78* (16.3)

Gastrointestinal* 458 197 6.2 (4.5–8.7) 162 42* (25.9) 28* (17.3)

Genitourinary* 429 79 6.0 (4.5–8.0) 139 44* (31.7) 18* (12.9)

Bronchopulmonary* 111 21 2.1 (0.9–4.9) 37 5* (13.5) 1* (2.7)

Other sites* 1173 326 1.1 (0.8–1.7) 141 26* (18.4) 3* (2.1)

CIF indicates cumulative incidence function.
*The number of specific cancers is reported based on the location of the bleeding.

Figure 1.  Proportion of bleeding in patients with cancer according to cancer site.
BP indicates bronchopulmonary; GI, gastrointestinal; GU, genitourinary; and other cancer, nongastrointestinal, nongenitourinary, and 
nonbronchopulmonary.
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The authors showed a 15-fold higher hazard of new 
colorectal cancer diagnosis with lower gastrointestinal 
bleeding in patients aged ≥75 years (1-year risk of col-
orectal cancer, 8.1% versus 0.5% in patients with and 
without bleeding). In our study, gastrointestinal bleed-
ing was associated with a 13-fold higher hazard of new 
gastrointestinal cancer diagnosis, similar to the Danish 
study.4 However, the novelty of our findings relies in 
extending these results to other bleeding and cancers, 
such as those that come from the genitourinary or 
bronchopulmonary tract. The significance of hematuria 
in patients receiving OACs has been addressed only by 
several underpowered studies, which were conducted 
in relatively small samples of <100 patients.14 Only one 
study by Yu et al,15 in 3750 patients with AF with hema-
turia, showed a higher prevalence and early detection 
of genitourinary cancer in patients with AF who had he-
maturia. For bronchopulmonary bleeding, it is known 
that 15% to 25% of cases of hemoptysis are caused 
by primary lung cancer.16 Hirshberg and colleagues,17 
after reviewing 208 patients without a history of ma-
lignancy who presented with hemoptysis, found that 
19% had lung cancer. In our study, patients with geni-
tourinary and bronchopulmonary bleeding were asso-
ciated with an 18- and 15-fold higher hazard of new 
genitourinary and bronchopulmonary cancer, respec-
tively. This strong association between bleeding and 
cancer, specifically for gastrointestinal, genitourinary, 
and bronchopulmonary with the corresponding can-
cers, highlight the importance of searching for occult 
cancer at the site of bleeding in patients who experi-
ence those bleeding episodes. Therefore, gastrointes-
tinal, genitourinary, and bronchopulmonary bleedings 
during OAC treatments should not be dismissed as 
diffuse mucosal bleeding attributable to OACs, and 
these patients should be examined for an underlying 

malignant cause. OACs could led to identifying previ-
ously unknown lesions (malignant or premalignant) in 
more than one third of cases (41.3% in our study), re-
sulting in earlier treatment and better prognosis.

Although the greater the bleeding the greater the 
association with cancer, a relevant finding of our 
study was that 60.6% of cancers in patients with 
prior bleeding were diagnosed after minor bleeding. 
We found a 3-fold higher hazard of new cancer di-
agnosis with nonmajor bleeding in our study popu-
lation, which is even more relevant in patients with 
gastrointestinal (7-fold higher hazard), genitourinary 
(14-fold higher hazard), and bronchopulmonary (14-
fold higher hazard) bleeding. This was consistent with 
the recent study by Eikelboom et al6 using data from 
the COMPASS (Cardiovascular Outcomes for People 
Using Anticoagulation Strategies) trial. In a population 
of patients with established atherosclerosis treated 
with aspirin±low-dose rivaroxaban, authors found 
that 69% of all new cancer diagnoses after bleed-
ing were in patients with minor bleeding. This finding 
highlights the potential for minor bleeding to unmask 
new cancers.

We also reported a temporal relationship between 
bleeding and subsequent cancer. Most of the can-
cers were diagnosed in the first 6 months after hem-
orrhagic complication. This was consistent with prior 
studies, which reported a critical period of 6 months 
after bleeding in which there is a higher risk for occur-
rence of cancer.10,18,19 Many cancers are asymptom-
atic until advanced stages of disease when treatment 
has a minimal effect on survival. Paradoxically, post-
discharge bleeding can be interpreted positively as 
an opportunity for timely diagnosis of hidden cancers. 
A quick proactive screening of cancer after bleeding 
could potentially provide early detection of cancers 

Figure 2.  Cumulative frequency of new cancer diagnosis in relation to bleeding.
The bars represent percentages of patients with a new diagnosis of cancer after bleeding (according to severity) or without prior 
bleeding. HR indicates hazard ratio.
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Figure 3.  New diagnosis of gastrointestinal (GI) (A), genitourinary (GU) (B), bronchopulmonary (BP) (C), and 
other (nongastrointestinal, nongenitourinary, nonbronchopulmonary; D) cancer after any gastrointestinal, 
genitourinary, bronchopulmonary, and other-site bleeding, respectively.
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and could result in earlier treatment, better prognosis, 
and possibly increased long-term survival.

Our provocative results raise both clinical and re-
search questions. Clinically, should a bleeding ep-
isode in anticoagulated patients prompt an early 
screening for occult cancer? Several factors argue 
against routine screening, including the low abso-
lute risk of cancer and the potential cost and bur-
den of cancer screening.20 However, the important 
association we have found between gastrointesti-
nal, genitourinary, and bronchopulmonary bleedings 
with their respective cancers makes it necessary to 
reflect about it. Although bleeding is undesirable, it 
may help physicians make an earlier diagnosis of 
cancer, and this could lead to improved outcomes. 
Gaining insight into the relationship between atrial 
fibrillation and cancer is of great public health rele-
vance. Our results, together with the results of the 
Danish and COMPASS trials,4,9 support that gas-
trointestinal, genitourinary, and bronchopulmonary 
bleeding in patients receiving OACs should prompt 
a careful search for undiagnosed cancer, even when 
the bleeding is minor.

Despite the interest of our findings based on a large 
contemporary patient cohort with real-word patients 
with AF, several limitations should be considered. This 
is a retrospective observational single-center study 
with unselected real-life patients; hence, no causal in-
ferences can be made. A potential limitation is that the 
protocol of our study did not mandate investigation of 

patients with bleeding for cancer but left this to the dis-
cretion of the physician. Unfortunately, our study also 
has no data to analyze the stage of cancer and the 
events after cancer. Last, information regarding some 
risk factors for cancer was lacking, such as dietary 
habits.

CONCLUSIONS
Among patients with AF treated with OAC therapy, 
gastrointestinal, genitourinary, and bronchopulmonary 
bleeding are strongly and relatively specifically associ-
ated with new diagnosis of cancer within the respective 
organ systems. The strength of this association in-
creases with the severity of bleeding, with most cancers 
identified within the first 6 months after bleeding event. 
A prompt evaluation of bleeding could be useful for ena-
bling early detection of cancer, especially gastrointesti-
nal, genitourinary, and bronchopulmonary cancers.
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Figure 4.  Timing of new cancer diagnosis in relation to bleeding. 
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SUPPLEMENTAL MATERIAL 



Table S1. Univariate analysis to identify variables associated with new 

diagnosis of cancer.  

 

Baseline characteristics HR 95%CI P-value 

Demographic characteristics 

Age, per year 0.94 0.92-0.97 <0.001 

Female sex 0.51 0.43-0.61 <0.001 

Body mass index, per Kg/m2 1.00 0.98-1.02 0.816 

Cardiovascular risk factors 

Smoking 2.55 1.57-4.13 <0.001 

Hypertension 0.87 0.72-1.04 0.119 

Dyslipemia 0.94 0.78-1.12 0.467 

Diabetes mellitus 1.16 0.93-1.44 0.201 

Cardiovascular history 

Peripheral artery disease 0.88 0.51-1.53 0.650 

Prior stroke 0.77 0.62-0.95 0.014 

Coronary artery disease 1.03 0.78-1.37 0.817 

Prior Heart failure 0.88 0.61-1.24 0.463 

LVEF < 40% 1.3 0.93-1.88 0.124 

Comorbidity 

Moderate-severe Malnutrition 1.17 1.01-1.35 0.044 

Prior admission by Bleeding 1.56 1.08-2.26 0.018 



Laboratory data 

Creatinine Clearance, per ml/min 1.00 0.99-1.01 0.176 

Hemoglobin, per g/dL 0.94 0.89-0.99 0.030 

Risk scores 

CHA2DS2-VASC, per poin 0.84 0.77-0.91 <0.001 

HASBLED, per point 1.21 1.11-1.32 <0.001 

Medication 

VKA 0.99 0.80-1.23 0.946 

DOAC 1.01 0.81-1.25 0.947 

Antiplatelet therapy 0.96 0.67-1.38 0.839 

Beta blocker 1.10 0.92-1.32 0.292 

Digoxine 1.46 1.17.1.82 0.001 

Amiodarone 1.23 0.83-1.82 0.293 

ACEI/ARB 1.13 0.94-1.36 0.177 

Statin 0.93 0.78-1.12 0.464 

 

For continuous variables, values are mean ± standard deviation. For categorical 

variables, frequency (percent) are shown.  

 

ACEI/ARB: Angiotensin Converting Enzyme Inhibitors or Angiotensin-Receptor Blockers; 

CI: Confidence Intervanl; DOAC: Direct Oral Anticoagulant; HR: Hazard Ratio; LVEF: Left 

Ventricular Ejection Fraction; VKA: Vitamin K Antagonists.  

 

 



Table S2. Baseline characteristics of study population.   

 

Baseline characteristics 

Age, years 82.7 ± 4.5 

Female sex 5,403 (61.7) 

Body mass index, Kg/m2 29.9 ± 4.3 

Hypertension 5,542 (63.3) 

Dyslipemia 4,158 (47.5) 

Diabetes mellitus 1,766 (20.2) 

Peripheral artery disease 338 (3.9) 

Prior stroke 751 (8.6) 

Coronary artery disease 1,058 (12.1) 

Prior Heart failure 1,056 (12.1) 

LVEF < 40% 511 (5.8) 

Moderate-severe Malnutrition 429 (4.9) 

Prior admission by Bleeding 438 (5.0) 

Creatinine Clearance, ml/min 61.4 ± 22.2 

Hemoglobin, g/dL 13.4 ± 1.6 

CHA2DS2-VASC, points 4.0 ± 1.2 

HASBLED, points 2.9 ± 1.1 

VKA 6,091 (69.6) 

DOAC 2,662 (30.4) 



Antiplatelet therapy 701 (8.0) 

Beta blocker 3,511 (40.1) 

Digoxine 1,317 (15.0) 

Amiodarone 412 (4.7) 

ACEI/ARB 4,814 (55.0) 

Statin 3,730 (42.6) 

 

For continuous variables, values are mean ± standard deviation. For categorical 

variables, frequency (percent) are shown.  

 

ACEI/ARB: Angiotensin Converting Enzyme Inhibitors or Angiotensin-Receptor Blockers; 

DOAC: Direct Oral Anticoagulant; LVEF: Left Ventricular Ejection Fraction; VKA: Vitamin K 

Antagonists.  

 

 

 

 

 

 

 

 

 

 

 



Table S3. Baseline characteristics of patients who experienced bleeding 

compared with those who did not experience bleeding. 

 

Baseline characteristics Bleeding No Bleeding P-value 

Demographic characteristics 

Age, years 83.3 ± 4.3 80.9 ± 4.2 <0.001 

Female sex 1,179 (54.3) 4,224 (64.2) <0.001 

Body mass index, Kg/m2 30.0 +/- 4.3 29.8 +/- 4.3 0.086 

Cardiovascular risk factors 

Hypertension 1,321 (60.8) 4,221 (64.1) 0.006 

Dyslipemia 1,086 (50.0) 3,072 (46.7) 0.007 

Diabetes mellitus 433 (19.9) 1,333 (20.3) 0.757 

Cardiovascular history 

Peripheral artery disease 73 (3.4) 265 (4.0) 0.164 

Prior stroke 156 (7.2) 595 (9.0) 0.007 

Coronary artery disease 263 (12.1) 795 (12.1) 0.965 

Prior Heart failure 196 (9.0) 860 (13.1) <0.001 

LVEF < 40% 127 (5.8) 384 (5.8) 0.978 

Comorbidity 

Moderate-severe Malnutrition 850 (39.7) 2,352 (35.7) 0.004 

Prior admission by Bleeding 132 (6.1) 306 (4.6) 0.008 

Laboratory data 



Creatinine Clearance, ml/min 60.0 +/- 21.4 65.1 +/- 24.0 <0.001 

Hemoglobin, g/dL 13.3 +/- 1.6 13.4 +/- 1.7 0.078 

Risk scores 

CHA2DS2-VASC, points 3.8 +/- 1.2 4.0 +/- 1.2 <0.001 

HASBLED, points 2.9 +/- 2.1 2.8 +/- 1.1 0.019 

Medication 

VKA 1,702 (78.4) 4,389 (66.7) <0.001 

DOAC 469 (17.6) 2,193 (33.3) <0.001 

Antiplatelet therapy 188 (8.7) 513 (7.8) 0.198 

Beta blocker 924 (42.6) 2,587 (39.3) 0.007 

Digoxine 382 (17.6) 935 (14.2) <0.001 

Amiodarone 134 (6.2) 278 (4.2) <0.001 

ACEI/ARB 1,290 (59.4) 3,524 (53.5) <0.001 

Statin 988 (45.5) 2,742 (41.7) 0.002 

 

For continuous variables, values are mean ± standard deviation. For categorical 

variables, frequency (percent) are shown.  

 

ACEI/ARB: Angiotensin Converting Enzyme Inhibitors or Angiotensin-Receptor Blockers; 

DOAC: Direct Oral Anticoagulant; LVEF: Left Ventricular Ejection Fraction; VKA: Vitamin K 

Antagonists.  

 

 

 



Table S4. Association Between Bleeding on Direct Oral Anticoagulant (DOAC) Therapy versus Vitamin K 

Antagonist (VKA) Therapy and New Cancer Diagnosis according to Bleeding Severity.  

 

BLEEDING 

ON DOAC ON VKA P-value for the 

comparison between 

VKA vs DOAC 

populations 

HR 95% CI P-value HR 95% CI P-value 

Any Bleeding 4.1 2.6-6.3 <0.001 3.6 2.9-4.6 <0.001 0.504 

Nonmajor Bleeding 3.2 1.9-5.3 <0.001 2.9 2.2-3.7 <0.001 0.617 

Major Bleeding 6.9 3.5-13.4 <0.001 6.0 4.4-8.2 <0.001 0.709 

 

 

CI: Confidence Interval; DOAC: Direct Oral Anticoagulant; HR: Hazard Ratio; VKA: Vitamin K Antagonists.  

 

 



Table S5. Sensitivity, specificity, positive predictive value (PPV) and negative 

predictive value (NVP) of bleeding for newly diagnosed cancers, according to 

the severity and location of hemorrhagic complications. 

 

 

BP: Bronchopulmonary; GI: Gastrointestinal; GU: Genitourinary; NPV: Negative 

Predictive Value; PPV: Positive Predictive Value.  

 

* For specific cancers based on the location of the bleeding (i.e. GI cancer for GI 

bleeding, or GU cancer for GU bleeding). 

 

 

 

  Sensitivity Specificity PPV NPV 

Severity 

Total 41.3% 76.2% 9.1% 95.7% 

Major 16.3% 93.4% 12.5% 95.1% 

Minor 25.0% 82.7% 7.7% 95.0% 

Location* 

GI 25.9% 95.2% 9.2% 98.6% 

GU 31.6% 95.5% 10.3% 98.9% 

BP 13.5% 98.8% 4.5% 99.6% 

Others 18.4% 86.7% 2.2% 98.5% 



Table S6. Association Between Bleeding and New Cancer Diagnosis 

according to Bleeding Severity in Non-anticoagulated Patients. 

 

POPULATION 
Patients, 

n 

New Cancers 

Diagnosed 

Unadjusted 

HR 

(95% CI) 

 

P 
Adjusted HR 

(95% CI) 
P 

n %  

No Bleeding 1678 107 6.4 Ref  Ref Ref 

Any Bleeding 245 23 9.4 2.5 (1.6-4.0) <0.001 1.8 (1.1-2.9) 0.012 

Nonmajor Bleeding 208 19 9.1 2.4 (1.4-4.0) <0.001 1.9 (1.1-3.1) 0.016 

Major Bleeding 37 4 10.8 2.6 (0.9-7.1) 0.063 1.4 (0.5-4.0) 0.504 

 

 

 

 

 

 

 



Figure S1. Location of bleeding events.  

 

 

* Bleeding episodes after cancer diagnosis during the follow-up were not considered.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S2. Location of new cancer diagnosis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S3. Effect of Gastrointestinal and Non-gastrointestinal Bleeding on 

New Gastrointestinal and Non-gastrointestinal Cancer Diagnoses. 

  

 

 

 

 

 

 

 

 

 

 



Figure S4. Effect of Genitourinary and Non-genitourinary Bleeding on New 

Genitourinary and Non-genitourinary Cancer Diagnoses. 

 

 

 

 

 

 

 

 

 

 



Figure S5. Effect of Bronchopumonary and Non-bronchopumonar Bleeding 

on New Bronchopumonary and Non-bronchopumonary Cancer Diagnoses. 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S6. Effect of Gastrointestinal/Genitourinary/Bronchopulmonary and 

Other-Site Bleeding on New 

Gastrointestinal/Genitourinary/Bronchopulmonary and Other-Site Cancer 

Diagnoses. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


