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a b s t r a c t 

Background: Although a history of cancer is a poor prognostic factor in patients with acute myocardial 

infarction (AMI), the clinical importance of coexisting active cancer remains unclear. 

Methods: In this single-center retrospective study, we reviewed an AMI registry and assessed the preva- 

lence and predictors of active cancer, 1-year incidence of cardiac death or major bleeding events (defined 

as a Bleeding Academy Research Consortium type 3 or 5), and the impact of coexisting active cancer on 

clinical outcomes. Active cancer was defined as either an already-diagnosed or undiagnosed occult cancer. 

Results: Between January 2012 and December 2017, 1140 AMI patients (median age, 69 years; male, 

76.0%) were enrolled. Active and historical cancers were diagnosed in 63 patients (5.5%) and 50 patients 

(4.4%), respectively. The most common location was the urinary tract (n = 21). In the Kaplan-Meier anal- 

ysis, the active cancer group had a higher incidence of 1-year cardiac death (17.5% vs. 5.3%, p < 0.001) 

and major bleeding events (19.0% vs. 5.6%, p < 0.001) than the non-cancer group. In the multivariate 

Cox proportional hazards regression models, active cancer was an independent predictor of both cardiac 

death and major bleeding at 1 year. Specifically, gastrointestinal tract and advanced-stage cancers had 

the poorest outcomes. Compared to the non-cancer group, the 1-year major bleeding rate was higher for 

all cancer types and stages. In contrast, early-stage cancers had a weaker impact on the 1-year cardiac 

mortality compared to advanced-stage cancers. Similarly, cardiac death during 1-year also occurred less 

frequently in occult cancers than in already-known cancers. 

Conclusions: In patients with AMI, coexisting active cancer was rare, but it significantly impacted cardiac 

death and major bleeding events. 

© 2021 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved. 
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Cancer and cardiovascular diseases are the leading causes of 

eath worldwide. These diseases often coexist because they share 

arious risk factors, both classical (such as tobacco smoking, obe- 

ity, and diabetes) [1] and novel (such as inflammation and genetic 

haracteristics) [2 , 3] . Patients with cardiovascular disease and can- 
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with acute myocardial infarction: data from an all-comer registry, Journ
er have higher cardiovascular mortality than the non-cancer pop- 

lation [4-6] . In this regard, the interest in cardio-oncology as a 

ubspecialty has been continuously growing, highlighting the need 

or epidemiological investigations addressing cancer-related cardio- 

ascular disease and the impact of coexisting cancer on cardiovas- 

ular outcomes. 

According to previous studies, patients with acute myocardial 

nfarction (AMI) and coexisting cancer are rare and have an in- 

reased risk of death and bleeding complications [7-10] . However, 

election bias might have occurred in two of these studies [7 , 9] 

ue to the exclusion of patients who did not undergo percuta- 
erved. 

e, clinical characteristics, and impact of active cancer in patients 
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eous coronary intervention (PCI), died during hospitalization, and 

id not have a primary diagnosis of AMI. Furthermore, the remain- 

ng studies only assessed the previous history of cancer but not 

ctive cancer. As a result, the prevalence and clinical impact of ac- 

ive cancer in patients with AMI remain unestablished. In this all- 

omer registry study, we aimed to investigate the prevalence, clin- 

cal characteristics, and clinical outcomes of AMI in patients with 

ctive cancer in a real-world setting. 

ethods 

tudy population and data collection 

We retrospectively reviewed an all-comer database that in- 

luded 1140 consecutive AMI patients admitted to the Iwate Medi- 

al University Hospital between January 2012 and December 2017. 

he demographic, clinical, laboratory, and imaging data were col- 

ected from medical records. 

AMI was diagnosed in accordance with the Third Universal Defi- 

ition of Myocardial Infarction [11] . Based on the applicable guide- 

ines during the study period [12 , 13] , patients received dual an- 

iplatelet therapy (DAPT) at the standard dose used in Japan (as- 

irin 81–200 mg/day with clopidogrel 75 mg/day or aspirin 81–

00 mg/day with prasugrel 3.75 mg/day), administered at the dis- 

retion of the attending physician. Following drug-eluting stent im- 

lantation, DAPT was taken for 12 months in patients with ST- 

levation myocardial infarction (STEMI) and at least 6 months in 

hose with non-ST-elevation MI (NSTEMI). 

Active cancer was defined as an already-diagnosed cancer or 

ndiagnosed “occult” cancer that was diagnosed or suspected dur- 

ng the first hospitalization. In this study, patients with a history of 

ancer who had undergone curative surgical treatment and com- 

leted chemoradiation therapy were categorized into the histor- 

cal cancer group, while patients without active cancer or can- 

er history were categorized into the non-cancer group. In addi- 

ion, early- and advanced-staged cancer were defined based on the 

resence or absence of metastasis (or organ infiltration in the case 

f leukemia). In terms of the clinical background, hypertension was 

efined as a blood pressure greater than 140/90 mmHg or the 

se of antihypertensive medication. Dyslipidemia was defined as 

riglyceride > 150 mg/dL, low-density lipoprotein cholesterol > 140 

g/dL, high-density lipoprotein cholesterol < 40 mg/dL, or the use 

f antidyslipidemic agents. Diabetes mellitus was defined as fast- 

ng plasma glucose ≥ 126 mg/dL, random plasma glucose ≥ 200 

g/dL, HbA1c ≥ 6.5%, or receiving medical treatment for diabetes 

ellitus. Renal deficiency was defined as an estimated glomerular 

ltration rate of < 60 mL/min/1.73 m ². 
The study protocol was developed on the basis of the code 

f the Ethics Committee of Iwate Medical University (MH2019- 

94) and implemented in accordance with the Declaration of 

elsinki. Although comprehensive informed consent was obtained 

rom each patient at the time of admission, additional informed 

onsent for this study was obtained through an opt-out format on 

he website ( https://iwate-heart.jp/public _ information/ ). 

linical outcomes 

The primary endpoint was cardiac death. The secondary end- 

oints were major bleeding events (defined as a Bleeding Academic 

esearch Consortium type 3 or 5 bleeding) [14] , non-cardiac death, 

ny bleeding events, minor bleeding events (defined as Bleeding 

cademic Research Consortium type 1 or 2 bleeding), spontaneous 

I, and ischemic stroke. The clinical outcomes were diagnosed 

ased on the standardized definitions by the Academic Research 

onsortium [15] . All 1-year clinical events were confirmed by med- 
2 
cal records or by telephone. The cause of death was determined by 

 case conference held with all the members of our division. 

tatistical analysis 

All data are presented as the median (1st–3rd quartile) or num- 

er (percentage). The categorical data were compared between 

roups were using the chi-square contingency test or Fisher’s exact 

est, as appropriate. The medians were compared between groups 

sing the Mann-Whitney U test. A receiver operating characteristic 

urve analysis was performed to establish the cut-off values of the 

redictive factors. 

Regarding the incidence of the primary and secondary clinical 

utcomes, the active cancer group and historical cancer group were 

ompared with the non-cancer group. One-year cumulative out- 

omes were estimated using the Kaplan-Meier method and com- 

ared using the log-rank test. A Cox proportional hazards regres- 

ion model was used to evaluate the predictors of each endpoint in 

he clinical outcome of AMI patients. Statistically significant vari- 

bles in the univariate analysis were included in the multivari- 

te analysis to evaluate the independent predictors. These clinical 

ariables were selected based on the Coronary Revascularization 

emonstrating Outcome Study in Kyoto’s thrombotic and bleeding 

isk scores and the Japanese criteria for high bleeding risk [16 , 17] .

ifferences were considered significant at p < 0.05. All statistical 

nalyses were performed using the Statistical Package for the So- 

ial Sciences for Windows (version 21.0; SPSS, Chicago, IL, USA). 

esults 

revalence and type of active cancer 

Overall, 5.5% (n = 63) of all AMI patients had coexisting active 

ancer, and 4.4% (n = 50) were in the historical cancer group. Early- 

nd advanced-stage cancers were observed in 35 (3.1%) and 28 

2.5%) patients, respectively (Supplemental Table 1). In addition, 

lready-known cancers accounted for 82% (n = 52) of all cancers; 

nly 18% (n = 11) of all cancers were occult. Focusing on the re- 

ationship between cancer stage and diagnosis, early-stage cancer 

as found in 48.1% (n = 25) of already-known cancers and 90.9% 

n = 10) of occult cancers (Supplemental Table 1). 

Urinary cancers (including prostate, urinary tract, and bladder 

ancers) were the most common (n = 21), followed by gastrointesti- 

al (GI) tract (n = 14; including gastric, colon, hepatobiliary, and 

ancreas) and lung cancers (n = 11). Head and neck (n = 6), hemato- 

ogical (n = 4), unknown primary (n = 3), gynecological (n = 2), breast 

n = 1), and sarcomatous (n = 1) cancers were categorized as “other 

ancers.”

Six cases of primary tumors or metastases were incidentally 

ound on computed tomography (CT) scans performed for aortic 

neurysm or arteriosclerosis obliterans, while two cases of lung 

ancer were detected on chest X-ray scans performed on admis- 

ion. Two cases of bladder cancers were diagnosed due to hema- 

uria, and one case of colon cancer was diagnosed due to anemia. 

aseline characteristics 

Table 1 shows a comparison of the baseline characteristics of 

he non-cancer and active cancer groups. Compared to the non- 

ancer group, the active cancer group had an older age (68 vs. 75 

ears, p < 0.001), lower body mass index (24.1 vs. 23.6, p = 0.04), 

igher prevalence of renal deficiency (12.4 vs. 22.2%, p = 0.03), 

ower prevalence of dyslipidemia (51.8 vs. 38.1%, p = 0.02), lower 

ow-density lipoprotein cholesterol (113 vs. 101 mg/dL, p < 0.01) 

nd hemoglobin levels (13.5 vs. 12.4 g/dL, p < 0.001), and lower 

 < 40%) ejection fraction (53 vs. 50 %, p = 0.02). Specifically, the 

https://iwate-heart.jp/public_information/
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Table 1 

Baseline characteristics 

Non-cancer group 

(n = 1027) 

Active cancer group 

(n = 63) 

Historical cancer group 

(n = 50) 

Non vs. Active 

p -value 

Non vs. Historical 

p -value 

Age, years 68 (59 - 78) 75 (69 – 81) 76 (67 – 82) < 0.001 < 0.001 

Male gender 779 (75.8) 51 (81.0) 36 (72.0) 0.36 0.54 

BMI, kg/m ² 24.1 (21.9 – 26.8) 23.6 (21.0 – 25.6) 22.4 (19.9 – 25.5) 0.04 0.005 

Hypertension 709 (69.0) 40 (63.5) 39 (78.0) 0.38 0.22 

Dyslipidemia 532 (51.8) 24 (38.1) 18 (36.0) 0.02 0.02 

Diabetes Mellitus 365 (35.6) 24 (38.1) 20 (40.0) 0.87 0.57 

Current smoker 350 (34.1) 15 (23.8) 11 (22.0) 0.13 0.07 

History of PCI 98 (9.5) 5 (7.9) 8 (16.0) 0.67 0.12 

History of CABG 21 (2.0) 2 (3.2) 1 (2.0) 0.39 0.72 

History of Stroke 93 (9.1) 11 (17.5) 2 (4.0) 0.06 0.17 

STEMI 543 (52.9) 36 (57.1) 27 (54.0) 0.32 0.66 

Killip class 3 or 4 140 (13.6) 13 (20.6) 8 (16.0) 0.11 0.65 

CPA on arrival 53 (5.2) 3 (4.8) 2 (4.0) 0.60 0.51 

IABP use 112 (10.9) 7 (11.1) 3 (6.0) 0.85 0.31 

VA-ECMO use 20 (1.9) 1 (1.6) 0 (0.0) 0.67 0.40 

Hb, mg/dl 13.5 (12.2 – 14.8) 12.4 (11.0 – 14.0) 12.9 (11.2 – 14.4) < 0.001 0.04 

Plt, x10 4 / μg 21.6 (17.8 – 25.9) 22.0 (17.7 – 27.7) 20.1 (17.6 – 25.7) 0.56 0.40 

Renal deficiency 127 (12.4) 14 (22.2) 8 (16.0) 0.03 0.51 

LDL-C, mg/dL 113 (90 – 138) 101 (74 – 128) 101 (84 – 129) 0.01 0.08 

HDL-C, mg/dL 45 (38 – 54) 43 (33 – 51) 46 (41 – 58) 0.08 0.10 

TG, mg/dl 101 (69 – 155) 93 (68 - 131) 88 (64 – 122) 0.26 0.17 

HbA1c, % 5.8 (5.4 – 6.4) 5.9 (5.5 – 6.3) 5.9 (5.5 – 6.5) 0.35 0.07 

BNP, pg/mL 113 (42 – 317) 263 (39 – 654) 208 (79 – 360) < 0.001 0.02 

EF < 40%, % 53 (44 - 60) 49 (39 - 56) 51 (43 - 59) 0.02 0.40 

Max CK, IU/L 1259 (341 – 3103) 847 (235 – 2752) 914(393 – 3258) 0.25 0.89 

Data are presented as median (1st quartile-3rd quartile), or n (%). 

BMI, body mass index; BNP, brain natriuretic peptide; CABG, coronary artery bypass grafting; CK, creatine phosphokinase; CPA, cardiopulmonary arrest; EF, ejection fraction; 

Hb, hemoglobin; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; IABP, intra-aortic balloon pumping; LDL-C, low-density lipoprotein cholesterol; PCI, 

percutaneous coronary intervention; Plt, platelet counts; STEMI, ST-segment elevation myocardial infarction; TG, triglyceride; VA-ECMO, venoarterial extracorporeal mem- 

brane oxygenation. 

Fig. 1. One-year Kaplan-Meier curves for survival from cardiovascular death (A) and major bleeding (B) . 

The active cancer group experienced significantly more cardiac deaths than the non-cancer and historical cancer groups. These events occurred mostly during the first 180 

days of myocardial infarction. Patients with cancer suffered significantly more episodes of major bleeding than those without active cancer. The increase in bleeding rate 

parallels that in cardiac death rate. 
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revalence of active cancer was relatively high ( > 7.0%) in the pa- 

ients aged ≥ 65 years (Online Fig. 1 ). 

The angiographic features and medications used at discharge 

re shown in Table 2 . There was no difference in the angiographic 

ndings or revascularization strategies between the two groups. 

owever, compared to the non-cancer group, beta-blockers and 

tatins were used less frequently in the active cancer group. Be- 

ause four patients with active cancer underwent a non-stent pro- 

edure (thrombus aspiration and/or ballooning) and nine patients 

ho underwent major bleeding events had DAPT de-escalation be- 

ore discharge, the use of DAPT at discharge in the active cancer 

roup was also less frequent than in the non-cancer group. Both 

roups received oral anticoagulants and acid-suppressive drugs 

proton pump inhibitor or histamine-2 receptor blockers) at a sim- 
e

3 
lar rate. Notably, in the patients with major bleeding events, the 

sage rate of DAPT at the time of bleeding was significantly lower 

han that in patients without major bleeding events (56.9% vs. 

6.7%, respectively; p < 0.001). 

ne-year clinical outcomes 

In the complete cohort, cardiac death and major bleeding oc- 

urred in 68 (6.0%) and 72 patients (6.3%), respectively, during 

he 1-year follow-up period (details of major bleeding events are 

hown in Supplemental Table 2). Notably, 95.6% (n = 65) of the 

atients who died of cardiac causes experienced major bleeding 

vents. 
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Table 2 

Angiographic findings and medications at discharge. 

Non-cancer group 

(n = 1027) 

Active cancer group 

(n = 63) 

Historical cancer group 

(n = 50) 

Non vs. Active 

p -value 

Non vs. Historical 

p -value 

Angiographic findings 

LM lesion 91 (8.9) 6 (9.5) 4 (2.0) 0.77 0.62 

Multi-vessel disease 571 (55.6) 32 (50.8) 28 (56.0) 0.79 0.67 

Urgent PCI 810 (78.9) 49 (77.8) 39 (78.0) 0.84 0.88 

Urgent + elective PCI 862 (84.0) 52 (82.5) 42 (84.0) 0.77 0.99 

Urgent CABG 85 (8.3) 3 (4.8) 6 (12.0) 0.31 0.25 

Femoral approach 185 (18.0) 10 (15.9) 7 (14.0) 0.67 0.47 

Medications at discharge 

ACEi or ARB 615 (59.9) 30 (47.6) 35 (70.0) 0.06 0.15 

Beta blocker 562 (54.7) 22 (34.9) 23 (46.0) 0.002 0.23 

Statin 824 (80.2) 40 (63.5) 39 (78.0) 0.001 0.67 

DAPT 806 (78.5) 37 (58.7) 38 (76.0) 0.005 0.63 

OAC 102 (9.9) 8 (12.7) 4 (8.0) 0.83 0.46 

PPI or H 2 blocker 873 (85.0) 49 (77.8) 41 (82.0) 0.19 0.70 

Data presented as n (%) 

ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; CABG, coronary artery bypass grafting; DAPT, dual antiplatelet therapies; H 2 blocker, 

histamine-2 receptor blockers; LM, left main; OAC, oral anticoagulants; PCI, percutaneous coronary intervention; PPI, proton pump inhibitors. 

Table 3 

One-year clinical outcomes in acute myocardial infarction patients with and without active cancer. 

Non-cancer group 

(n = 1027) 

Active cancer group 

(n = 63) 

Historical cancer group 

(n = 50) 

Non vs. Active 

p -value 

Non vs. Historical 

p -value 

All cause death 77 (7.5) 17 (27.0) 3 (6.0) < 0.001 0.48 

Cardiac death 54 (5.3) 11 (17.5) 3 (6.0) < 0.001 0.50 

Non-cardiac death 23 (2.2) 6 (9.5) 0 (0.0) 0.005 0.33 

Any bleeding events 114 (11.1) 22 (34.9) 5 (10.0) < 0.001 0.81 

Major bleeding events 58 (5.6) 12 (19.0) 2 (4.0) < 0.001 0.46 

Minor bleeding events 56 (5.5) 10 (15.9) 3 (6.0) 0.003 0.53 

Spontaneous MI 20 (1.9) 5 (7.9) 0 (0.0) 0.01 0.38 

Ischemic stroke 20 (1.9) 3 (4.8) 1 (2.0) 0.14 0.64 

Data presented as n (%). 

Major bleeding event was defined as BARC type 3 or 5 bleeding. 

Minor bleeding event was defined as BARC type 1 or 2 bleeding. 

BARC, Bleeding Academic Research Consortium; MI, myocardial infarction. 

Table 4 

Cox proportional hazards regression model for cardiac death. 

Univariate Multivariate 

HR 95% CI p -value HR 95% CI p -value 

Age 1.07 1.04 – 1.09 < 0.001 1.04 1.01 – 1.07 0.005 

Male gender 1.82 1.09 – 3.02 0.02 2.17 1.14 – 4.15 0.02 

BMI, kg/m ² 0.85 0.85 – 0.97 0.005 0.98 0.91 – 1.05 0.50 

Hb, mg/dl 0.82 0.74 – 0.92 < 0.001 1.03 0.88 – 1.20 0.74 

eGFR, mL/min/1.73m ² 0.97 0.96 – 0.98 < 0.001 0.98 0.97 – 0.99 0.002 

STEMI 1.71 1.11 – 2.65 0.02 2.18 1.34 – 3.55 0.002 

Killip class 3 or 4 15.64 9.18 – 26.65 < 0.001 7.74 4.37 – 13.70 < 0.001 

Active cancer 3.32 1.74 – 6.34 < 0.001 2.39 1.18 – 4.85 0.02 

BMI, body mass index; CI, confidence interval; eGFR, estimated glomerular filtration rate; Hb, hemoglobin; HR, hazard ratio; STEMI, ST-segment 

elevation myocardial infarction. 
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The patients with active cancer had significantly higher rates of 

ardiac death (5.3% vs. 17.5%; p < 0.001) and major bleeding events 

uring the first year (5.6% vs. 19.0%; p < 0.001) than the patients 

ithout active cancer ( Table 3 ). In the patients with active cancer, 

ost cardiac deaths and major bleeding events occurred within 2 

onths of AMI onset ( Fig. 1 ). Regarding the causes of cardiac death

n this subgroup, eight were due to heart failure or sudden ventric- 

lar arrhythmia following AMI, two due to free wall rupture caused 

y delayed hospital arrival, and one due to out-of-hospital cardiac 

rrest (104 days after AMI onset). Notably, 82% (9/11) of these pa- 

ients developed major bleeding events. Three patients refused ag- 

ressive or life-prolonging treatments because of their adverse can- 

er prognosis. In the present study, there was no significant differ- 
l

4 
nce in the cardiac death and major bleeding rates between the 

on-cancer and historical cancer groups ( Table 3 ). 

mpact of active cancer on 1-year AMI outcomes 

Well-known cardiovascular risk factors and the presence of can- 

er were included in the univariate and multivariate Cox pro- 

ortional hazards regression models to investigate their associa- 

ion with the 1-year clinical outcomes. Active cancer was an in- 

ependent predictor of 1-year cardiac death, similar to advanced 

ge, male sex, estimated glomerular filtration rate, STEMI, and Kil- 

ip class III or IV ( Table 4 ). In addition, advanced age, estimated 
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Table 5 

Cox proportional hazards regression model for major bleeding events. 

Univariate Multivariate 

HR 95% CI p -value HR 95% CI p -value 

Age 1.07 1.04 – 1.09 < 0.001 1.04 1.01 – 1.07 0.003 

Male gender 1.62 0.98 – 2.66 0.06 N/A N/A N/A 

BMI, kg/m ² 0.92 0.87 – 0.99 0.02 1.00 0.93 – 1.07 0.90 

Hb, mg/dl 0.79 0.71 – 0.88 < 0.001 0.89 0.77 – 1.02 0.10 

Plt, x10 4 / μg 1.00 0.97 – 1.03 0.78 N/A N/A N/A 

eGFR, mL/min/1.73m ² 0.97 0.96 – 0.98 < 0.001 0.99 0.98 – 1.00 0.046 

STEMI 1.55 1.03 – 2.33 0.04 1.79 1.15 – 2.80 0.010 

Killip class 3 or 4 13.33 8.09 – 21.97 < 0.001 6.61 3.82 – 11.38 < 0.001 

Triple therapy 0.30 0.04 – 2.18 0.24 N/A N/A N/A 

Femoral approach 3.38 2.10 – 5.44 < 0.001 1.61 0.95 – 2.74 0.08 

Active cancer 3.47 1.86 – 6.46 < 0.001 2.08 1.08 – 4.02 0.03 

Triple treatment was defined as oral anticoagulant therapy with dual antiplatelet therapy. 

BMI, body mass index; CI, confidence interval; N/A, not applicable; Hb, hemoglobin; eGFR, estimated glomerular filtration rate; HR, hazard 

ratio; Plt, platelet counts; STEMI, ST-segment elevation myocardial infarction. 

Fig. 2. One-year clinical outcome risk according to each cancer type . 
∗ p < 0.05 vs. non-cancer group, † p < 0.01. vs. non-cancer group 

GI = gastrointestinal 
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lomerular filtration rate, STEMI, Killip class III or IV, and active 

ancer were predictors of major bleeding at 1 year ( Table 5 ). 

ifferences in clinical outcomes according to cancer site, stage, or 

iagnosis status 

The GI tract and other cancers had the highest risk of car- 

iac death and major bleeding ( Fig. 2 and Supplemental Table 

). Conversely, urinary and lung cancers had relatively low inci- 

ences of either cardiac death or major bleeding. Advanced-stage 

nd already-known cancers had a higher risk of cardiac death than 

arly-stage and occult cancers, respectively ( Fig. 3 and Supplemen- 

al Table 3). Patients with occult cancers were associated with a 

igher risk of major bleeding than those with non-cancer AMI. 

uring the follow-up period, 85.7% (n = 30) of patients with early- 

tage cancer underwent a standard cancer treatment after AMI, 

.6% (n = 3) of them did not undergo cancer treatment because of 

railty, and 5.7% (n = 2) of them could not recall whether they un- 

erwent cancer treatment or not. 
5 
iscussion 

Using data from the all-comer AMI registry, the present study 

ssessed the prevalence, clinical characteristics, predictors, and 

linical outcomes of active cancer in AMI patients. The main find- 

ngs were as follows: (1) the overall prevalence of active cancer in 

MI patients was 5.5%, and the most common type was urinary 

especially prostate); (2) the risk of major bleeding was higher in 

he patients with active cancer than in those without; (3) active 

ancer was an independent predictor of cardiac death and ma- 

or bleeding at 1 year, similar to well-known risk factors of poor 

utcomes in AMI; (4) between non-cancer and historical cancer 

roups, there was little difference in either 1-year cardiac mortal- 

ty or major bleeding event rate; and (5) patients with GI tract, 

dvanced-stage, and already-known cancers had a higher 1-year 

isk of cardiac death than the patients without cancer. 

During the study period, the age-adjusted incidence of cancer 

mong the general Japanese population was 0.4% per year [18] . 

onsidering that cardiovascular disease and cancer share common 
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Fig. 3. One-year clinical outcome risk according to cancer stage and diagnosis status . 
∗ p < 0.05 vs. non-cancer group, † p < 0.005 vs. non-cancer group, ‡ p < 0.001 vs. non-cancer group 
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isk factors [1] , it was expected that the cancer incidence would 

e higher in AMI patients than in the general population. A pre- 

ious study involving the American population showed that active 

ancer was present in 2.8% of patients with AMI [9] . In addition, 

nother international study using a PCI registry showed that active 

ancer was present in 6.4% of patients with acute coronary syn- 

romes [7] . Thus, the prevalence of coexisting active cancer might 

e a single-digit rate and almost similar among all AMI cohorts, 

espite national and racial differences in the incidence of cancer 

nd AMI. 

Our results were in accordance with those of a PCI registry [19] , 

hich showed that coexisting active cancer has a strong impact on 

he 1-year cardiac mortality of AMI patients. There may be several 

easons for this finding because both AMI and cancer are common 

iseases among people of advanced age and may sometimes de- 

elop various complications. As evidenced by the Global Registry 

f Acute Coronary Events score [20] , age is one of the strongest 

redictors of in-hospital death in patients with acute coronary syn- 

romes. Considering the close relationship between age and active 

ancer, one of the main reasons for the above might be that, in 

ur cohort, AMI patients with active cancer were older than those 

ithout cancer. 

A second explanation for the higher cardiac mortality observed 

n the patients with active cancer may be that major bleeding 

vents result in unstable hemodynamics and heart failure. In our 

tudy, the Kaplan-Meier curves showed that cardiac death and ma- 

or bleeding events increased in parallel at a very similar rate. 

n this regard, previous studies have revealed that major bleeding 

vents were associated with increased mortality in patients with 

cute coronary syndrome [21 , 22] . As for the third reason, patients 

ith active cancer may have received suboptimal cardiovascular 

reatments. Similar to our findings, other studies have shown that 

atients with active cancer were likely to receive fewer medica- 

ions for secondary prevention than non-cancer patients [4 , 7 , 8 , 23] ,

robably because they (or their families) refused aggressive treat- 

ents due to the severity of the disease. 

Contrary to the present study, the definition of active cancer in 

oth the consensus document from the Academic Research Consor- 
6 
ium for High Bleeding Risk and the updated Japan Cancer Society 

uidelines included either cancer with ongoing treatment or his- 

orical cancer that was diagnosed within 12 months [17 , 24] . How- 

ver, it was questionable whether patients who had recently com- 

leted cancer treatment were at risk for major bleeding events 

hen starting antiplatelet therapy. In the present study, both the 

istorical cancer and non-cancer groups similarly showed relatively 

ow incidences of major bleeding events. In addition, according to 

 retrospective study on patients with GI bleeding secondary to 

nticoagulation therapy for atrial fibrillation, the early restarting 

f anticoagulants (7 days after discontinuation) was not related to 

he recurrence of GI bleeding [25] . Thus, while the bleeding risk 

f antithrombotic treatment following recent cancer surgery has 

ever been established, a recent history of cancer treatment may 

ot be related to major bleeding in AMI patients who will start 

ntithrombotic agents. 

Previous studies have demonstrated that patients with active 

ancer or cancer history who underwent PCI had a higher rate 

f major bleeding than non-cancer patients [7 , 16 , 23 , 26] . In accor-

ance with our results, a nationwide study reported that colon 

ancer was associated with a higher bleeding risk than prostate, 

reast, or lung cancer [9 , 27] . Thus, cancers of the GI tract may

onfer one of the highest bleeding risks for patients with AMI. Re- 

ently, the Cardiovascular Outcomes for People Using Anticoagula- 

ion Strategies trial, which assessed the efficacy of rivaroxaban for 

he secondary prevention of cardiovascular disease, showed that 

ajor bleeding events, especially GI bleeding, were related to new 

ancer diagnosis [28] . Although the use of antithrombotic agents in 

ur study differed from that in the mentioned trial, these findings 

uggest that major bleeding during antithrombotic therapy may be 

 sign of occult cancer, especially of the GI tract. 

An important finding of the present study was that occult can- 

er was found in approximately 1% of AMI cases, and 90% of these 

ere early-stage cancers. Most of these malignancies were de- 

ected incidentally during routine imaging examinations performed 

or other reasons. According to another retrospective study, the in- 

idence of occult cancer was 3.8% in patients with severe aortic 

tenosis who underwent CT scans to assess their suitability for 
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ranscatheter valve replacement [29] . Because of the possibility of 

ancer, physicians treating AMI patients should make a special ef- 

ort to detect suspicious and unexplained signs in routine labora- 

ory examinations and CT scans performed for nonmalignant dis- 

ases during the first hospitalization. 

linical implications 

The present study demonstrated that elderly AMI patients had 

n elevated risk of active cancer compared to the younger pa- 

ients with AMI. This group of patients may benefit from can- 

er screening and close surveillance for bleeding events, especially 

hen they present with concurrent anemia or a poor nutritional 

tate. In Japanese patients undergoing PCI, a recent history of can- 

er (within 12 months) was associated with a high risk of bleed- 

ng [17 , 24] . Therefore, the current guidelines from the Japan Cancer 

ociety recommend a very short (1 to 3 months) DAPT duration in 

MI patients with high bleeding risk who receive a drug-eluting 

tent [17] . As shown above, most major bleeding events in patients 

ith active cancer occurred within the first 2 months of AMI on- 

et. In addition, the present study demonstrated that cardiac mor- 

ality in the patients with occult cancer was lower than that in 

hose with major bleeding events. Based on previous research and 

he results of our study, a 1-month DAPT would be reasonable for 

MI patients with active cancers and a relatively high risk of major 

leeding compared to the risk of cardiac death. 

imitations 

The present study had several important limitations. First, be- 

ause this was a single-center retrospective study, its findings 

ight not be generalizable to other regions or countries. Second, 

he sample size was relatively small. We were unable to per- 

orm subgroup analysis for all cancers because active cancer oc- 

urred only in 63 patients, some types of cancers were missing, 

nd cancer status (i.e., early or terminal) was very heterogeneous 

n each cancer type. A large-scale cohort study should be per- 

ormed to confirm the impact of active cancer in patients with 

MI. Third, the AMI patients in this study received > 6 months of 

APT, which might have significantly increased the risk of bleed- 

ng. With shorter DAPTs, the impact of active cancer on bleeding 

vents might have been different. Fourth, because the strategy of 

ancer screening was not defined in advance, the incidence of ac- 

ive cancer might vary according to the physician or institution. 

imple in-hospital screening tools, such as immunochemical fe- 

al occult blood tests, might help in deciding when to discontinue 

APT after coronary stenting. It might also increase the detection 

f active cancer among elderly patients [26 , 30] . 

onclusions 

In AMI patients, coexisting active cancer is rare, but elderly AMI 

atients had a higher prevalence of active cancer than younger AMI 

atients. In addition, AMI patients with active cancer had a higher 

isk of cardiac death and major bleeding events than those with- 

ut active cancer. Because differences in cardiac mortality and ma- 

or bleeding event rates were observed between each cancer type, 

tage, and diagnosis status, the treatment of AMI should be indi- 

idualized according to the cancer type and/or stage. 
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