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Background: Active cancer associates with increased cardiovascular and bleeding risks in patients with
acute myocardial infarction (AMI). Recent chemotherapeutic agents have improved survival rate which
enables to induce inactive status of cancer. However, whether cardiovascular and bleeding risks still exist in
AMI patients with inactive cancer remains unknown.

Methods: The current study is a retrospective cross-sectional study including 712 AMI patients receiving
primary percutaneous coronary intervention (PCI) with drug-eluting stent between 2007 and 2017.
Primary PCI in ST-segment elevation myocardial infarction and non-ST-segment elevation myocardial
infarction subjects was defined as PCI performed within 48 and 72 hours of symptom onset, respectively.
Cardiovascular (= all-cause death + non-fatal MI + stroke) and bleeding events were compared in AMI
patients with and without inactive cancer.

Results: Inactive cancer was identified in 11.1% of study subjects. Patients with inactive cancer were
older (P<0.001) with atrial fibrillation (P<0.001), chronic kidney disease (P<0.001), anemia (P<0.001) and a
higher prevalence of Killip class IV (P<0.001). Dual (82.3% vs. 86.7%) and triple (17.7% wvs. 13.3%, P=0.34)
antithrombotic therapies were commenced. Nearly 80% of subjects switched to single antithrombotic
therapy around 1.5 years after dual/triple antithrombotic therapies (77.2% wvs. 77.3%, P=0.994). During the
2.9-year observational period, inactive cancer was associated with 3.59-fold elevated risk for experiencing a
composite of cardiovascular and bleeding events (95% CI: 2.13-6.04, P<0.001). Furthermore, after adjusting
clinical characteristics, inactive cancer was an independent predictor for bleeding events (HR: 3.98, 95%
CI: 1.90-8.34, P<0.001). Of particular interests, even after switching to single antithrombotic therapy, an
elevated bleeding risk was still observed in inactive cancer subjects (P<0.001).

Conclusions: Inactive cancer worsened clinical outcome, especially bleeding risks in AMI subjects,

underscoring to further optimize their antithrombotic managements.
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Introduction

Cancer has been considered as a high-risk disease substrate
which elevates both cardiovascular and bleeding events’
risks (1-6). This is partly due to concomitant atherosclerotic
and bleeding risk factors, and cancer-related abnormal
hemostasis (2,7,8). Recently, the Academic Research
Consortium for high bleeding risk (HBR) has proposed
“active cancer” as a major criterion for HBR in subjects
undergoing percutaneous coronary intervention (PCI) (9).
Given that dual antiplatelet therapy (DAPT) has become a
guideline-recommended anti-thrombotic therapy in patients
with acute myocardial infarction (AMI) receiving drug-
eluting stent (DES), management of both cardiovascular and
bleeding risks is a cornerstone of antithrombotic therapy in
AMI patients with active cancer. Recent chemotherapeutic
agents have improved survival rate with better efficacy to
induce inactive status of cancer (10), which expects that the
number of inactive cancer patients with AMI will further
rise in the future. Given the aforementioned cancer-related
pathophysiological features, inactive cancer may still
exhibit greater risks of cardiovascular and bleeding events
(11-13). Therefore, the current study sought to investigate
cardiovascular and bleeding risks in AMI subjects with
inactive cancer who received PCI using DES. We present
the following article in accordance with the STROBE
reporting checklist (available at https://cdt.amegroups.com/
article/view/10.21037/cdt-22-306/rc).

Methods
Study subjects

The current study is a retrospective cross-sectional study
including 1,785 consecutive de novo AMI patients who
received primary PCI from January 2007 to December
2017 at the National Cerebral and Cardiovascular Center
in Suita, Japan (Figure 1). Myocardial infarction (MI)
was diagnosed according to the European Society of
Cardiology/American College of Cardiology Foundation/
American Heart Association/World Heart Federation Task
Force for the Universal Definition of MI (14). Primary PCI
in ST-segment elevation myocardial infarction (STEMI)
and non-ST-segment elevation myocardial infarction
(NSTEMI) subjects was defined as PCI performed within
48 and 72 hours of symptom onset, respectively (15).

Of these, the current study excluded the following
subjects: patients who treated by primary PCI without
DES (n=794) [plain old balloon angioplasty alone (n=49),
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thrombus aspiration alone (n=23), bare metal stent use
(n=714), drug-coating balloon (n=8)], patients with
unsuccessful PCI (n=11), patients who received coronary
artery bypass surgery for revascularization (n=58), those
who were managed by medical therapies (n=102), those with
AMI attributable to vasospastic angina (n=3) and missing
data (n=76), and active cancer patients (= its diagnosis
within 12 months prior to primary PCI and/or on-going
cancer therapy) (n=29). The remaining 712 patients
receiving primary PCI with DES were included into the
current analysis (Figure 1). The study was conducted in
accordance with the Declaration of Helsinki (as revised on
2013). The study was approved by the ethics committee of
the National Cerebral and Cardiovascular Center (M24-
055-7). Informed consent was not obtained in each subject
due to the observational analysis of hospitalized patients.

Definition of inactive cancer

Inactive cancer was defined as (I) its history for more than
12 months before the index of primary PCI and (II) subjects
who did not receive any on-going cancer therapies (16).
Cancer diagnosis, and its types and status were determined
through medical record review, and when necessary,
through a questionnaire by mail or telephone follow-up.

PCI procedure and antithrombotic regimens

After identification of the culprit lesion on diagnostic
coronary angiography, primary PCI was performed. All
procedural decisions, including device selection, the use of
mechanical support, and adjunctive pharmacotherapy were
made according to the discretion of the individual PCI
operator.

Loading of DAPT (200 mg aspirin + 300 mg clopidogrel
or 20 mg prasugrel) was conducted prior to primary PCIL.
After the completion of the procedure, DAPT with its
approved maintenance dose in Japan (100 mg/day aspirin
+ 75 mg/day clopidogrel or 3.75 mg/day prasugrel)
was continued for at least 1 year. In patients with atrial
fibrillation, anticoagulation agent [vitamin K antagonist
(VKA) or direct oral anticoagulant (DOAC)] was added
according to the Japanese Circulation Society guideline (9).
The selection of P2Y12 inhibitor and anticoagulation agents
was conducted by each physician’s discretion. The number
of antithrombotic agents was analyzed as follows; single
antiplatelet therapy (SAPT), dual antithrombotic therapy
(DAT: DAPT or a combination of SAPT and DOAC/VKA)
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1,785 patients with AMI between Jan.1* 2007-Dec.31* 2017

Excluded cases (n=1,073)
® Primary PCI without DES use (n=794)
- POBA alone (n=49)
- Thrombus aspiration alone (n=23)
> - BMS use (n=714)
- Drug-coating balloon use (n=8)
* Unsuccessful PCI (n=11)
* CABG (n=58)
* Management with medical therapies alone (n=102)
® Vasospastic angina (n=3)
* Missing data (n=76)
* Active cancer (n=29) (its diagnosis within 12 months
and/or on-going cancer therapy)

Y

712 AMI subjects receiving primary PCI with DES

\i \i

Inactive cancer (-) n=633 Inactive cancer (+) n=79

Figure 1 Patients’ disposition. AMI, acute myocardial infarction; PCI, percutaneous coronary intervention; DES, drug-eluting stent; POBA,

plain old balloon angioplasty; BMS, bare metal stent; CABG, coronary artery bypass grafting.

and triple antithrombotic therapy (TAT: a combination of
DAPT and DOAC/VKA) (17).

Assessment of bleeding risk

Bleeding risk in the current subjects was evaluated by
the Academic Research Consortium on high bleeding
risk (ARC-HBR) and Japanese version of HBR criteria
(Japanese-HBR). ARC-HBR defined HBR as a BARC
(bleeding academic research consortium) 3 or 5 bleeding
risk of >4% or a risk of an intracranial hemorrhage of >1%
at 1 year after PCI. Patients are considered to be HBR in
subjects who fulfilled at least 1 major or 2 minor published
HBR criteria (18,19). With regard to Japanese-HBR, the
Japanese Circulation Society has proposed it by considering
additional clinical characteristics (low body weight, frailty,
chronic kidney disease, heart failure, peripheral vascular
disease) associated with bleeding events in Japanese patients
(20-22). By incorporating ARC-HBR major/minor criteria
and these ones, HBR in Japanese patients are defined as at
least one major or 2 minor Japanese-HBR criteria (9).
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Outcomes

The primary outcome was the occurrence of cardiovascular
and bleeding events. The cardiovascular events consisted of
a composite of all-cause death, non-fatal MI and ischemic
stroke. Ischemic stroke was defined as lacunar infarction,
atherothrombotic brain infarction or cardioembolic
infarction. Bleeding events included major and minor
ones defined by International Society on Thrombosis
and Haemostasis. In brief, major bleeding was defined
(I) fatal bleeding; and/or (II) symptomatic bleeding in
a critical area or organ, such as intracranial, intraspinal,
intraocular, retroperitoneal, intraarticular or pericardial,
or intramuscular with compartment syndrome; and/or
(IIT) bleeding causing a fall in hemoglobin level of 2 g/dL
or more, or leading to transfusion of two or more units
of whole blood or red cells. All non-major bleedings were
considered as minor bleeding. The secondary outcome was
the occurrence of (I) cardiovascular events; (II) bleeding
events and (III) each component of primary outcomes (all-
cause death, non-fatal MI, ischemic stroke, major and minor
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bleeding). These outcomes were firstly obtained through
reviewing the medical records. If needed, questionnaire was
conducted by mail or telephonic follow-up. A clinical event
committee consisting of 2 cardiologists (HH and YK) and
another referee (MF) in case of disagreement adjudicated
all events based on the aforementioned original source
documents of outcomes.

Statistical analysis

Continuous variables were expressed as the mean =
standard deviation and compared using the #-test if data
were normally distributed. Categorical variables were
compared using the Fisher exact test or the Chi-square
test as appropriate. The Kaplan-Meier method was used
to estimate survival curves for primary and secondary
outcomes, and the log-rank test was used to assess
differences between patients with and without inactive
cancer. Unadjusted hazard ratios (HR) for primary and
secondary outcomes were calculated by a univariate Cox
proportional hazards model. Adjusted hazard ratios were
calculated by a multivariate Cox proportional hazards model
with a P value <0.10. All P values <0.05 were considered
statistically significant. All analyses were performed with
JMP version 13.0.0 (SAS Institute, Cary, NC, USA).

Results
Clinical demographics
In the current study, 11.1% of AMI subjects (=79/712)

concomitantly had inactive cancer. Of these, major
types of inactive cancers were gastrointestinal one, followed
by breast and kidney cancer (Figure SI). Baseline clinical
demographics are shown in 7able 1. Inactive cancer subjects
were more likely to be older (77.0+7.5 vs. 68.7+12.8 years,
P<0.001) and female (35.4% vs. 22.0%, P=0.03), and have a
history of atrial fibrillation (25.3% wvs. 10.0%, P<0.001) with
smaller body mass index (BMI) (22.5+3.8 vs. 23.9+3.6 kg/m’,
P=0.003). There were no significant differences in the
proportion of STEMI and NSTEMI between two groups
(P=0.952), whereas inactive cancer subjects more likely
exhibited a greater frequency of AMI patients in Killip class
IV (21.5% wvs. 6.0%, P<0.001), accompanied by a lower
hemoglobin level (12.8+1.9 vs. 13.9+1.8 g/dL, P<0.001)
and estimated glomerular filtration rate (51.8+24.4 vs.
65.9+24.1 mL/min/1.73 m’, P<0.001). As a consequence,
ARC-defined HBR (65.8% vs. 32.1%, P<0.001) and
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Japanese-HBR (77.2% vs. 48.7%, P<0.001) was significantly
higher in inactive cancer subjects.

The use of antithrombotic and other medical therapies is
summarized in 7Table 2. Over 80% of current study subjects
received DAT (82.3% vs. 86.7%, P=0.279), and the remains
were treated with TAT (17.7% vs. 13.3%). With regard to
regimen of DAT, inactive cancer subjects were less likely
received a combination of aspirin and prasugrel (12.7%
vs. 25.9%, P=0.01) (Table 2). There were no significant
differences in the regimens of TAT, duration of DAT and
TAT, and the use of other established medical therapies
(1able 2). Following the use of DAT or TAT, around 77% of
patients with and without inactive cancer (77.2% vs. 77.3%,
P=0.994) switched to single anti-platelet therapy (460+298
vs. 538+470 days, P=0.213). A longer duration of SAPT use
was observed in inactive cancer subjects [760 (356-1,300)
vs. 658 (390-867) days, P=0.006].

Cardiovascular and bleeding outcomes

In the current study, there were 107 cardiovascular and
bleeding events during the observational period (median:
1,088 days) (Table 3). As shown in Figure 2, inactive
cancer was associated with 3.59-fold greater likelihood
experiencing a composite of cardiovascular and bleeding
events (95% CI: 2.13-6.04, P<0.001) (Table 4 and Figure 2).
On multivariate analysis adjusting for covariates, inactive
cancer was still an independent predictor for the occurrence
of cardiovascular and bleeding events (HR: 2.22, 95% CI:
1.15-4.28, P=0.017) (1able 4). Furthermore, inactive cancer
exhibited 2.93- and 5.26-fold greater risks of cardiovascular
(95% CI: 1.62-5.28, P<0.001) and bleeding events (95% CI:
2.66-10.4, P<0.001), respectively (1able 5). The relationship
of inactive cancer with bleeding events still existed even
after adjusting covariates (HR: 3.98, 95% CI: 1.90-8.34,
P<0.001), whereas adjusted P value for the relationship
between inactive cancer and cardiovascular events became
non-significant (HR: 1.47, 95% CI: 0.65-3.34, P=0.353)
(Figure 3 and Table 5). A greater frequency of each
component of composite outcomes (non-fatal MI, ischemic
stroke, major and minor bleeding) was consistently observed
in subjects with inactive cancer (Figure S2 and Figure S3).
Further analysis was conducted to evaluate the frequency
of bleeding events in subjects who switched to single anti-
thrombotic therapy after DAT or TAT use (Figure 4).
Despite this anti-thrombotic regimen, a continuing elevated
risk of bleeding events was observed in subjects with
inactive cancer (Figure 4).
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Inactive cancer (+), (n=79) Inactive cancer (-), (n=633) P value

Age (years) 77.0£7.5 68.7+12.8 <0.001
Male 51 (64.6) 494 (78.0) 0.025
BMI (kg/m?) 22.5+3.8 23.9+3.6 0.003
Coronary risk factors

HT 49 (62.0) 361 (57.0) 0.349

DLP 50 (63.3) 462 (73.0) 0.073

DM 34 (43.0) 310 (49.0) 0.324

AF 20 (25.3) 63 (10.0) <0.001

Active smoker 25 (31.6) 240 (37.9) 0.281
Characteristics of AMI

STEMI 63 (79.7) 513 (81.0) 0.952

NSTEMI 16 (20.3) 120 (19.0)

peak CK (IU/L) 1,388 (576-2,630) 1,532 (651-3,172) 0.459

EF (%) 46.9+17.8 47.7£14.3 0.354

Killip class IV 17 (21.5) 38 (6.0) <0.001

Multivessel disease 45 (57.0) 329 (52.0) 0.389
Biochemistry data

Hemoglobin (g/dL) 12.8+1.9 13.9+1.8 <0.001

Platelet (10%/uL) 201+58 208+63 0.360

eGFR (mL/min/1.73 m?) 51.8+24.4 65.9+24.1 <0.001

LDL-C (mg/dL) 111.6+34.3 123.3+36.8 0.008

HDL-C (mg/dL) 43.8£13.2 45.3+13.2 0.364
HBR measures

ARC-HBR 52 (65.8) 203 (32.1) <0.001

Japanese-HBR 61(77.2) 308 (48.7) <0.001

Values expressed as n (%), median and interquartile range (IQR), or mean + SD. Values in parentheses are percentages. BMI, body mass
index; HT, hypertension; DLP, dyslipidemia; DM, diabetes mellitus; AF, atrial fibrillation; AMI, acure myocardial infarction; STEMI, ST-
segment elevation myocardial infarction; NSTEMI, non-ST-segment elevation myocardial infarction; CK, creatine kinase; EF, ejection
fraction; eGFR, estimated glomerular filtration rate; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol;

ARC-HBR, The Academic Research Consortium for high bleeding risk.

Discussion

Recent chemotherapeutic agents have improved to
achieve inactive status of cancers (10). Whether inactive
cancer affects cardiovascular and bleeding outcomes in
AMI subjects has not been fully characterized yet. In the
current study, 11% of AMI subjects receiving primary PCI
with DES use concomitantly had inactive cancer. They
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exhibited severer clinical presentation of AMI with a greater
frequency of HBR features. In addition, inactive cancer
more likely experienced a composite of cardiovascular and
bleeding events following primary PCI. These findings
indicate that even inactive status of cancer still elevates
cardiovascular and bleeding risks in the setting of AMI.

To date, while active cancer has been reported to
worsen clinical outcomes in AMI subjects (23-25), it
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Table 2 Anti-thrombotic and other medical therapy

Therapy Inactive cancer (+), (n=79) Inactive cancer (=), (=633) P value

Anti-thrombotic therapy
DAT 65 (82.3) 549 (86.7) 0.279
TAT 14 (17.7) 84 (13.3)
Regimen of DAT

DAPT 65 (82.3) 547 (86.4) 0.319
Aspirin + clopidogrel 49 (62.0) 364 (57.5) 0.443
Aspirin + prasugrel 10 (12.7) 164 (25.9) 0.010
Clopidogrel + DOAC 0 (0.0 2 (0.3) 0.617
Duration of DAT (days) 673+609 609+510 0.344
Regimen of TAT
DAPT + warfarin 12 (15.2) 62 (9.8) 0.138
DAPT + DOAC 2 (2.5) 22 (3.5) 0.661
Duration of TAT (days) 534+527 580+505 0.487
Switching to SAPT
Frequency 61 (77.2) 489 (77.3) 0.994
Its timing after DAT/TAT (days) 460+298 538+470 0.213
Aspirin alone 36 (45.6) 335 (52.9) 0.217
P2Y12 receptor inhibitor alone 25 (31.6) 154 (24.3) 0.158
Duration of SAPT (days) 760 (356-1,300) 658 (390-867) 0.006
Other medical therapy
ACEI/ARB 70 (88.6) 567 (89.6) 0.792
B-blocker 59 (74.7) 481 (76.0) 0.799
Statin 72 (91.1) 582 (91.9) 0.806

Values expressed as n (%), median and interquartile range (IQR), or mean + SD. DAT, dual antithrombotic therapy; TAT, triple antithrombotic
therapy; DAPT, dual anti platelet therapy; DOAC, direct oral anticoagulant; SAPT, single anti platelet therapy; ACEI, angiotensin converting
enzyme inhibitor; ARB, angiotensin Il receptor blocker.

Table 3 Summary of cardiovascular and bleeding events

Events Qverall, (n=712) Inactive cancer (+), (n=79) Inactive cancer (-), (=633)
Cardiovascular and bleeding events 107 (15.0) 27 (34.2) 80 (12.6)
Cardiovascular events 76 (10.7) 8 (22.8) 58 (9.2)
All-cause death 65 (9.1) 5(19.0) 50 (7.9)
Nonfatal Ml 5(0.7) 2 (2.5) 3(0.5)
Ischemic stroke 8 (2.5) 6 (7.6) 12 (1.9)
Bleeding events 42 (5.9) 5(19.0) 27 (4.3)
Major bleeding 29 (4.1) 8 (10.1) 21 (3.3)
Minor bleeding 3(1.8) 7 (8.9) 6 (0.9)

Categorical variables are expressed as n (%). MI, myocardial infarction.
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remains uncertain whether inactive cancer also increases
cardiovascular and bleeding risks in AMI subjects
receiving PCI. Some studies reported an elevated risk of
cardiovascular events in inactive cancer patients (26-28). By
contrast, one recent study analyzing national database in

1.0
Inactive cancer (-)
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2 .

g Inactive cancer (+)

o 0.4
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0.0 Log-rank P-value <0.001
0 1 2 3 4 5 6 7 8
years

Number at risk
Inactive cancer (+) 79 60 52 37 26 17 8 3
Inactive cancer (-) 633 555 482 283 90 36 26 18

Figure 2 The occurrence of composite of cardiovascular and
bleeding events in AMI subjects with and without inactive cancer.

AMI, acute myocardial infarction.

809

the United States showed a lower frequency of a composite
of all-cause mortality, cardiac complications, and stroke in
inactive cancer patients. In addition, a modestly increased
risk of bleeding events was observed (29). Given that study
period in this study is from 2004 to 2014, antithrombotic
and antiatherosclerotic management was different from
current guideline-recommended ones. Moreover, only
37.6% of study subjects received PCI. These characteristics
of this study do not necessarily reflect real-world data
in AMI subjects under current guideline-recommended
therapies. In our study including AMI subjects receiving
primary PCI with DES, AMI subjects with inactive
cancer exhibited worse clinical outcomes, reflected by a
substantially elevated risks of a composite of cardiovascular
and bleeding events. Our current observations suggest that
elevated cardiovascular and bleeding risks still continue to
exist in AMI subjects with inactive cancer status.

In the current analysis, as shown in Figure 3, worse
cardiovascular outcome was observed in inactive cancer
patients. However, a multivariate Cox proportional hazard
analysis showed that inactive cancer was not an independent

Table 4 Univariate and multivariate analyses of predictors for cardiovascular and bleeding events

Cardiovascular and

Univariate analysis

Multivariate analysis

bleeding events Hazard ratio* (95% Cl) P value Hazard ratio* (95% Cl) P value
Cancer 3.59 (2.13-6.04) <0.001 2.22 (1.15-4.28) 0.017
Age 1.04 (1.02-1.06) <0.001 1.02 (0.99-1.04) 0.196
Male gender 1.11 (0.68-1.81) 0.675 - -
BMI 0.92 (0.86-0.98) 0.007 0.97 (0.90-1.05) 0.484
Hypertension 1.15(0.76-1.76) 0.512 - -
Dyslipidemia 1.25 (0.79-1.93) 0.335 - -
Type 2 DM 0.93 (0.62-1.40) 0.723 - -
Smoker 1.02 (0.66-1.56) 0.944 - -
CKD (eGFR <60 mL/min/1.73 m?) 1.80 (1.18-2.75) 0.006 0.93 (0.53-1.61) 0.784
AF 3.03 (1.80-5.08) <0.001 2.01 (1.04-3.88) 0.037
Killip class IV 7.49 (4.19-13.4) <0.001 2.18 (0.92-5.13) 0.075
LDL-C 0.99 (0.98-0.99) <0.001 1.00 (0.99-1.01) 0.518
B-blocker 0.53 (0.34-0.82) 0.004 0.84 (0.47-1.48) 0.537
ACEI/ARB 0.30 (0.18-0.50) <0.001 0.40 (0.21-0.78) 0.007
Statin 0.41 (0.21-0.80) 0.015 0.46 (0.21-1.03) 0.060

*, the effect estimate represents the change in score per 1 unit change in the parameter after adjusting for all other terms in the model. Cl,
confidence interval; BMI, body mass index; DM, diabetes mellitus; CKD, chronic kidney disease; AF, atrial fibrillation; LDL-C, low density
lipoprotein cholesterol; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin Il receptor blocker.
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Table 5 Univariate and multivariate analyses

Univariate analysis Multivariate analysis

Hazard ratio* (95% ClI) P value Hazard ratio* (95% ClI) P value

Predictors for cardiovascular events

Cancer 2.93 (1.62-5.28) <0.001 1.47 (0.65-3.34) 0.353
Age 1.05 (1.03-1.07) <0.001 1.01 (0.98-1.04) 0.199
Male gender 1.21 (0.68-2.16) 0.523 - -
BMI 0.92 (0.85-0.99) 0.029 0.99 (0.90-1.08) 0.782
Hypertension 1.38 (0.86-2.22) 0.187 - -
Dyslipidemia 1.71 (1.04-2.82) 0.034 1.32 (0.69-2.53) 0.397
Type 2 DM 0.97 (0.62-1.56) 0.893 - -
Smoker 1.10 (0.67-1.81) 0.710 - -
CKD (eGFR <60 mL/min/1.73 m?) 2.05 (1.24-3.36) 0.005 1.30 (0.65-2.59) 0.461
AF 3.77 (2.15-6.60) <0.001 2.71 (1.28-5.73) 0.009
Killip class IV 12.0 (6.56-22.0) <0.001 3.93 (1.57-9.81) 0.003
LDL-C 0.99 (0.98-0.99) 0.004 1.00 (0.99-1.01) 0.826
B-blocker 0.44 (0.27-0.72) 0.001 0.78 (0.40-1.54) 0.471
ACEI/ARB 0.25 (0.15-0.44) <0.001 0.36 (0.17-0.77) 0.009
statin 0.43 (0.20-0.93) 0.033 0.57 (0.22-1.49) 0.252
Predictors for bleeding events
Cancer 5.26 (2.66-10.4) <0.001 3.98 (1.90-8.34) <0.001
Age 1.03 (0.99-1.06) 0.057 1.00 (0.98-1.04) 0.682
Male gender 1.01 (0.49-2.10) 0.974 - -
BMI 0.96 (0.87-1.06) 0.411 - -
Hypertension 1.24 (0.65-2.35) 0.518 - -
Dyslipidemia 1.27 (0.61-2.64) 0.520 - -
Type 2 DM 0.72 (0.38-1.37) 0.319 - -
Smoker 1.02 (0.53-1.96) 0.952 - -
CKD (eGFR <60 mL/min/1.73 m’) 1.30 (0.70-2.43) 0.410 - -
AF 2.16 (0.99-4.70) 0.051 1.39 (0.59-3.28) 0.448
Killip class IV 3.00 (1.31-6.85) 0.009 1.75 (0.68-4.49) 0.247
LDL-C 0.99 (0.98-1.01) 0.086 1.00 (0.99-1.01) 0.460
B-blocker 0.85 (0.42-1.69) 0.634 - -
ACEI/ARB 0.68 (0.29-1.59) 0.378 - -
Statin 0.49 (0.18-1.31) 0.154 - -

*, the effect estimate represents the change in score per 1 unit change in the parameter after adjusting for all other terms in the model. Cl,
confidence interval; BMI, body mass index; DM, diabetes mellitus; CKD, chronic kidney disease; AF, atrial fibrillation; LDL-C, low density
lipoprotein cholesterol; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin Il receptor blocker.
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Figure 4 Bleeding events in AMI subjects who switched to single

anti-thrombotic therapy. AMI, acute myocardial infarction.

predictor for cardiovascular events. Given that AMI subjects
with inactive cancer concomitantly exhibited high-risk
clinical characteristics including Killip-class IV and atrial
fibrillation, these features may be more dominant factors
associated with their cardiovascular outcomes rather than
inactive cancer itself.

Currently, major criterion of ARC-HBR has included
active malignancy, which is defined as its diagnosis within
the past 12 months or cancer patients receiving ongoing
cancer therapy, whereas cancer with its complete remission
is not included (18). In the current analysis, most of

© Cardiovascular Diagnosis and Therapy. All rights reserved.

inactive cancer subjects receiving primary PCI with DES
were treated by DAT which included potent P2Y12
inhibitor, and the remaining subjects received TAT mainly
using the combination of DAPT and VKA. Under these
antithrombotic regimen, inactive cancer was associated
with considerably elevated bleeding risks in AMI subjects.
In particular, this greater risk in inactive cancer subjects
was observed in both major and minor bleeding events. As
shown in Table 1, inactive cancer subjects more frequently
had anemia and chronic kidney disease. Anemia itself
may associate with diminished function of platelet and
more inflammatory activity which could elevate bleeding
risks (30). Moreover, chronic kidney disease is accompanied
by platelet dysfunction, and elevated levels of anti-Xa and
additional abnormalities in the coagulation cascade (31,32).
These characteristics in inactive cancer subjects may
increase bleeding events after AMI. As such, our findings
support inactive cancer as a potential major criterion for
HBR in patients receiving PCI with DES.

Considering an elevated bleeding risk in inactive cancer
subjects, physicians should consider additional actions which
include to shorten duration of their DAT and/or TAT.
However, we also observed that this inactive cancer-related
bleeding risk continued even after switching to SAPT.
In particular, Figure 4 showed a continuing occurrence
of bleeding events by the first year after switching to
SAPT, and then its frequency became almost plateau. The
aforementioned clinical features of inactive cancer subjects
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may cause these on-going bleeding risks despite SAPT.
More meticulous clinical follow-up is required to monitor
bleeding evens after switching to SAPT in AMI subjects
with inactive cancer.

Several caveats should be considered to interpret the
current findings. Firstly, this is a retrospective, single-
center observational study. Secondly, the selection of
antithrombotic therapy and other medical therapies
was conducted according to each physician’s discretion.
Thirdly, due to the limited number of inactive cancer
subjects, the current study does not have enough power
to compare primary and secondary outcomes in those
stratified according to cancer types. Fourthly, the current
study’s period was from 2007 to 2017. During this period,
guidelines for antithrombotic and lipid-lowering therapies
has changed, which may affect cardiovascular and bleeding
outcomes in study subjects. However, even after adjusting
for the use of duration of antithrombotic therapy and low-
density lipoprotein cholesterol (LDL-C), inactive cancer
was still an independent predictor for the composite of
cardiovascular and bleeding events. In particular, inactive
cancer was an independent predictor for the bleeding
events, but not for cardiovascular events.

In conclusion, concomitance of inactive cancer was
observed in 11% of AMI subjects receiving primary
PCI with DES. They more likely harboured ARC-HBR
features with severer status of AMI. Furthermore, inactive
cancer was associated with 2.14-fold greater likelihood
experiencing cardiovascular and bleeding events. These
findings suggest that inactive cancer status is not necessarily
a low-risk but malignant feature which worsen their
clinical outcomes, especially bleeding ones in AMI subjects
receiving primary PCI with DES.
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