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Aims To evaluate the influence of a history of cancer on clinical outcomes in coronary artery disease (CAD) patients
who underwent percutaneous coronary intervention (PCI).

...................................................................................................................................................................................................
Methods
and results

In the Coronary REvascularization Demonstrating Outcome Study in Kyoto (CREDO-Kyoto) PCI/coronary artery
bypass grafting (CABG) Registry Cohort-2, there were 12 180 CAD patients who received PCI with stents. There
were 1109 patients with a history of cancer (cancer group) and 11 071 patients without cancer (non-cancer
group). The cumulative 5-year incidences of cardiac death and heart failure (HF) hospitalization were significantly
higher in the cancer group than in the non-cancer group (12.4% vs. 7.5%, P < 0.001 and 12.1% vs. 7.6%, P < 0.001,
respectively). Even after adjusting for confounders, the excess risk of the cancer group relative to non-cancer
group for cardiac death and HF hospitalization remained significant [hazard ratio (HR) 1.27, 95% confidence inter-
val (95% CI) 1.05–1.53; P = 0.02, and HR 1.39, 95% CI 1.13–1.68; P = 0.002, respectively]. Also, the cancer group
had a trend toward higher adjusted risk for definite or probable stent thrombosis as compared with the non-
cancer group (HR 1.49, 95% CI 0.99–2.16; P = 0.055). The cancer group had significantly higher adjusted risk for
all-cause death, non-cardiac death, major bleeding, and non-CABG surgery than the non-cancer group, while the
risks for myocardial infarction and stroke were neutral between the two groups.

...................................................................................................................................................................................................
Conclusion Patients with a history of cancer at the time of PCI had increased risk for cardiac events such as cardiac death and

HF hospitalization as well as non-cardiac events such as non-cardiac death, major bleeding, and non-CABG surgery.
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Introduction

Coronary artery disease (CAD) and cancer are the leading causes of
mortality and morbidity worldwide.1 However, long-term mortality
in both fields has declined over the past decade owing to better risk
factor modification, earlier disease detection, and advances in treat-
ment.2–6 Risk factors of CAD and cancer have some overlapping fea-
tures, such as advanced age, smoking, diet, and sedentary lifestyle.
Furthermore, several forms of cancer treatments such as radiation or
chemotherapy are associated with an increased risk of CAD.7–10

Therefore, active cancer or history of cancer are present in increasing
frequency in CAD patients requiring PCI in real-world clinical prac-
tice.11–13 However, there are limited data with some discordance
about the influence of co-existing cancer on cardiovascular outcomes
in CAD patients who underwent PCI.14,15 The purpose of the pre-
sent study, therefore, was to evaluate the influence of a history of
cancer on long-term cardiovascular outcomes in CAD patients who
underwent PCI in a large-scale multicentre registry in Japan.

Methods

Study population
The Coronary REvascularization Demonstrating Outcome Study in
Kyoto (CREDO-Kyoto) PCI/coronary artery bypass grafting (CABG)
Registry Cohort-2 is a physician-initiated non-company-sponsored multi-
centre registry that enrolled consecutive patients with CAD who under-
went their first coronary revascularization between January 2005 and
December 2007 at 26 hospitals in Japan (Supplementary material online,
Appendix A). The relevant review boards or ethics committees at all 26
participating hospitals approved the study protocol. Obtaining written
informed consent from the patients was waived because of the retro-
spective nature of the study; however, we excluded those patients who
refused participation in the study when contacted at follow-up. This strat-
egy is concordant with the guidelines of the Japanese Ministry of Health,
Labor and Welfare.

The details on the design and patient enrolment of this registry have
been described previously.16 Among 15 939 patients in the registry,
13 058 patients were enrolled in the PCI arm of the registry, excluding 99
patients who refused study participation and 2782 patients who under-
went CABG. Further excluding 878 patients without stent implantation,
12 180 patients were subjected to the current analyses, where 1109
patients had a history of cancer (cancer group) and the remaining 11 071
patients did not have a history of cancer (non-cancer group)
(Supplementary material online, Figure S1).

Experienced clinical research coordinators from the independent clin-
ical research organization (Research Institute for Production
Development, Kyoto, Japan; Supplementary material online, Appendix B)
collected baseline data from the hospital charts or hospital databases
according to the pre-specified definitions. Collection of follow-up infor-
mation was mainly conducted through review of the inpatient and out-
patient hospital charts by the clinical research coordinators, and
additional follow-up information was collected through contact with
patients, relatives and/or referring physicians by sending mail with ques-
tions regarding vital status, subsequent hospitalizations, and status of anti-
platelet therapy.

Definitions and outcome measures
Cancer group consisted of patients who had any history of cancer at the
time of PCI. The outcome measures included all-cause death, cardiac

death, non-cardiac death, heart failure (HF) hospitalization, major bleed-
ing, non-CABG surgery, myocardial infarction (MI), definite or probable
stent thrombosis (ST), stroke, target-lesion revascularization (TLR), and
any coronary revascularization. Death was regarded as cardiac in origin,
unless obvious non-cardiac causes could be identified. Any death during
the index hospitalization was regarded as cardiac death. Heart failure hos-
pitalization was regarded as present when intravenous drug treatment
was administered for worsening HF during hospitalization. Major bleeding
was defined according to the global utilization of streptokinase and tissue
plasminogen activator for occluded coronary arteries (GUSTO) classifi-
cation.17 GUSTO moderate or severe bleeding was adjudicated as a
major bleeding event. Myocardial infarction was defined according to the
definition in the Arterial Revascularization Therapy Study.18 Stent throm-
bosis was defined according to the Academic Research Consortium def-
inition.19 Stroke during follow-up was defined as ischaemic or
haemorrhagic stroke requiring hospitalization with symptoms lasting
more than 24 h. Target-lesion revascularization was defined as either PCI
or CABG due to restenosis or thrombosis of the target lesion that
included the proximal and distal edge segments as well as the ostium of
the side branches. Clinical events were adjudicated by the clinical event
committee (Supplementary material online, Appendix C). Persistent dis-
continuation of either aspirin or thienopyridine was defined as withdrawal
lasting at least 2 months. Dual antiplatelet therapy (DAPT) discontinu-
ation was defined as persistent discontinuation of either aspirin or
thienopyridine.

Statistical analysis
We present continuous variables as mean ± standard deviation or median
with interquartile range (IQR), and categorical variables as numbers and
percentages. We compared continuous variables with the Student’s t-test
or the Wilcoxon rank-sum test on the basis of the distributions. We
compared categorical variables with the v2 test when appropriate; other-
wise, we used the Fisher’s exact test. We used the Kaplan–Meier method
to estimate the cumulative incidences of clinical event rates and assessed
the differences with the log-rank test. Cumulative incidence estimators of
events accounting for competing risk were also calculated. We estimated
the risk of the cancer group relative to the non-cancer group for the indi-
vidual outcome measures by multivariable Cox proportional hazard
models adjusting for 39 clinically relevant factors indicated in Table 1
according to the previous study.20 The risks of the cancer group relative
to the non-cancer group for the individual outcome measures were
expressed as hazard ratios (HR) with 95% confidence intervals (CI).
Consistent with our previous reports, continuous variables were dicho-
tomized using clinically meaningful reference values or median values.
We also estimated adjusted HRs accounting for the competing risk. We
also conducted the subgroup analyses stratified by age (>_75 or
<75 years), sex, presentation with acute myocardial infarction (AMI), and
drug-eluting stents (DES) use for the endpoints including all-cause death,
cardiac death, and HF hospitalization. Statistical analyses were conducted
using JMP 10.0 (SAS Institute Inc., Cary, NC, USA). All the statistical analy-
ses were two-tailed. We regarded P-values <0.05 as statistically
significant.

Results

Baseline characteristics
Baseline clinical characteristics were different between the patients
with and without a history of cancer in several important aspects.
Patients in the cancer group were older, more often had lower body
mass index, severe mitral regurgitation, prior stroke, peripheral
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Table 1 Baseline clinical characteristics

Cancer group Non-cancer group P-value

Variables (n 5 1109) (n 5 11 071)

Age (years) 73.2 ± 8.5 67.8 ± 11.1 <0.001

Age >_ 75 yearsa 533 (48%) 3270 (30%) <0.001

Mena 825 (74%) 7976 (72%) 0.10

Body mass index (kg/m2) <25.0a 825 (74%) 7507 (68%) <0.001

Hypertensiona 904 (82%) 9100 (82%) 0.57

Diabetes mellitus 440 (40%) 4154 (38%) 0.16

On insulin therapya 96 (8.7%) 836 (7.6%) 0.19

Current smokera 230 (21%) 3648 (33%) <0.001

Heart failurea 222 (20%) 2183 (20%) 0.81

Multivessel coronary artery diseasea 648 (58%) 6165 (56%) 0.08

Mitral regurgitation Grade 3/4a 57 (5.1%) 411 (3.7%) 0.02

Prior myocardial infarctiona 119 (11%) 1141 (10%) 0.66

Prior stroke (symptomatic)a 142 (13%) 1149 (10%) 0.01

Peripheral vascular diseasea 110 (9.9%) 806 (7.3%) 0.002

eGFR (mL/min/1.73 m2) < 30, without haemodialysisa 56 (5.1%) 437 (4.0%) 0.08

Haemodialysisa 33 (3.0%) 377 (3.4%) 0.45

Atrial fibrillationa 102 (9.2%) 905 (8.2%) 0.24

Anaemia (haemoglobin < 11.0 g/dL)a 228 (21%) 1165 (11%) <0.001

Thrombocytopenia (platelet count <100� 109/L)a 36 (3.3%) 137 (1.2%) <0.001

Chronic obstructive pulmonary diseasea 50 (4.5%) 388 (3.5%) 0.09

Liver cirrhosisa 65 (5.9%) 247 (2.2%) <0.001

Presentation

Acute myocardial infarctiona 317 (29%) 2992 (36%) <0.001

Cardiogenic shock at presentationa 55 (5.0%) 520 (4.7%) 0.69

Angiographic characteristics

Number of target lesion 1 (1–2) 1 (1–2) 0.80

Target of proximal left anterior descending coronary arterya 645 (58%) 6538 (59%) 0.56

Target of unprotected left main coronary arterya 71 (6.4%) 392 (3.5%) <0.001

Target of chronic total occlusiona 90 (8.1%) 1232 (11%) 0.002

Target of bifurcationa 380 (34%) 3725 (34%) 0.68

Side-branch stentinga 56 (5.1%) 558 (5.0%) 0.99

Total number of stents 1 (1–2) 1 (1–2) 0.60

Total stent length >28 mma 542 (49%) 5432 (49%) 0.90

Minimum stent size <3.0 mma 458 (41%) 4886 (44%) 0.07

Drug-eluting stent usea 570 (51%) 6218 (56%) 0.002

Medications at discharge

Thienopyridine 1090 (98%) 10964 (99%) 0.02

Ticlopidine 948 (87%) 9923 (91%) <0.001

Clopidogrel 136 (13%) 1018 (9.3%) <0.001

Aspirin 1092 (98%) 10936 (99%) 0.37

Cilostazola 164 (15%) 2212 (20%) <0.001

Statinsa 487 (44%) 5816 (53%) <0.001

Beta-blockersa 294 (27%) 3410 (31%) 0.003

ACE-I/ARBa 571 (51%) 6573 (59%) <0.001

Nitratesa 397 (36%) 3962 (36%) 0.99

Calcium channel blockersa 481 (43%) 4441 (40%) 0.04

Nicorandila 262 (24%) 2625 (24%) 0.95

Warfarina 73 (6.6%) 885 (8.0%) 0.10

Proton pump inhibitorsa 308 (28%) 2880 (26%) 0.20

H2-blockersa 247 (22%) 2911 (26%) 0.004

Categorical variables are expressed as number (%) unless otherwise indicated. Continuous variables are shown as mean ± SD or median (interquartile range).
ACE-I, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; eGFR, estimated glomerular filtration rate; SD, standard deviation.
aPotential independent variables selected in multivariable analyses for the endpoints.
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vascular disease, anaemia, thrombocytopenia, and liver cirrhosis, and
less often had current smoker and AMI presentation than patients in
the non-cancer group. Regarding the angiographic characteristics, the
cancer group more often had target of unprotected left main coron-
ary artery, and less often had target of chronic total occlusion than
the non-cancer group. The prevalence of DES use was significantly
lower in the cancer group than in the non-cancer group (Table 1).
Regarding medical treatment at discharge, the prescription rate of
thienopyridines, statins, beta-blockers, angiotensin-converting en-
zyme inhibitors (ACE-I) or angiotensin receptor blockers, and hista-
mine type-2 (H2) blockers were lower in the cancer group than in
the non-cancer group (Table 1). During median 5.3 (IQR 4.6–6.1)
years follow-up for the surviving patients, the cumulative incidence of

DAPT discontinuation after PCI were significantly higher in the can-
cer group than in the non-cancer group (Supplementary material on-
line, Figure S2).

Long-term clinical outcomes
The cumulative 5-year incidences of and the adjusted risk for all-
cause death, and non-cardiac death were markedly higher in the can-
cer group than in the non-cancer group (Figure 1 and Table 2). The
cumulative incidences of cardiac events such as cardiac death and HF
hospitalization were also significantly higher in the cancer group than
in the non-cancer group (Figures 1 and 2). Even after adjusting for
confounders, the excess risk of the cancer group relative to non-
cancer group for cardiac death and HF hospitalization remained

Figure 1 The Kaplan–Meier curves for (A) all-cause death, (B) cardiac death, and (C) non-cardiac death compared between the cancer group (blue
line) and the non-cancer group (red line).

........................... ............................. ......................... .........................

......................... .........................

....................................................................................................................................................................................................................

Table 2 Clinical outcomes

Outcomes Cancer group Non-cancer group Unadjusted Adjusted

No. of patients

with event

No. of patients

with event

Cancer group Cancer group

(Cumulative

5-year incidence)

(Cumulative

5-year incidence)

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

n 5 1109 n 5 11 071

All-cause death 381 (33.0%) 1817 (15.2%) 2.39 (2.14–2.67) <0.001 1.80 (1.60–2.01) <0.001

Cardiac death 129 (12.4%) 868 (7.5%) 1.65 (1.36–1.97) <0.001 1.27 (1.05–1.53) 0.02

Non-cardiac death 252 (23.5%) 949 (8.4%) 3.11 (2.70–3.57) <0.001 2.33 (2.01–2.68) <0.001

Cancer-related death 144 (14.3%) 303 (2.8%) — — — — — —

HF hospitalization 119 (12.1%) 821 (7.6%) 1.64 (1.34–1.98) <0.001 1.39 (1.13–1.68) 0.002

GUSTO moderate or severe bleeding 164 (15.6%) 1176 (10.6%) 1.56 (1.32–1.83) <0.001 1.28 (1.08–1.51) 0.005

Non-CABG surgery 456 (45.3%) 3241 (30.2%) 1.77 (1.60–1.95) <0.001 1.60 (1.45–1.77) <0.001

Myocardial infarction 50 (4.9%) 541 (4.9%) 1.02 (0.76–1.35) 0.87 0.94 (0.69–1.25) 0.69

Definite or probable ST 30 (2.5%) 242 (1.5%) 1.54 (1.03–2.21) 0.04 1.49 (0.99–2.16) 0.055

Stroke 66 (6.7%) 689 (6.3%) 1.07 (0.83–1.37) 0.59 0.92 (0.71–1.18) 0.54

Target-lesion revascularization 211 (21.5%) 2263 (21.4%) 1.00 (0.87–1.15) 0.96 0.98 (0.84–1.13) 0.76

Any coronary revascularization 338 (34.1%) 3760 (35.4%) 0.97 (0.87–1.09) 0.65 0.96 (0.86–1.08) 0.51

Number of patients with event was counted through the entire follow-up period, while the cumulative incidence was evaluated at 5-year. HR and 95% CI were estimated by
the Cox proportional hazard models.
CABG, coronary artery bypass grafting; CI, confidence interval; HF, heart failure; HR, hazard ratio; ST, stent thrombosis; GUSTO, global utilization of streptokinase and tissue
plasminogen activator for occluded coronary arteries.
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..significant (Table 2). However, when the competing risk of non-
cardiac death was taken into account, the excess risk of the cancer
group relative to non-cancer group for cardiac death was no longer
significant (Supplementary material online, Table S1). The excess risk
of the cancer group relative to non-cancer group for HF hospitaliza-
tion remained significant, even when the competing risk of death was
taken into account (Supplementary material online, Table S1). Also,
the cancer group had a trend toward higher adjusted risk for definite
or probable ST as compared with the non-cancer group (Figure 2 and
Table 2). The cancer group also had significantly higher adjusted risk
for major bleeding, and non-CABG surgery than the non-cancer
group, while the risks for MI, stroke, TLR, and any coronary revascu-
larization were neutral between the cancer and non-cancer groups
(Table 2).

In the subgroup analysis for all-cause death, there were significant
interactions between those subgroup factors such as age, sex, and
DES use, and the risk of the cancer group relative to non-cancer
group. The excess risk of the cancer group relative to non-cancer
group was more pronounced in patients <75 years of age, male
patients, and patients without DES use (Figure 3A). In the subgroup
analysis for cardiac death, there was no significant interaction be-
tween the subgroup factors and the risk of the cancer group relative
to non-cancer group (Figure 3B). In the subgroup analysis for HF hos-
pitalization, there was significant interaction between those DES use,

and the risk of the cancer group relative to non-cancer group.
The excess risk of the cancer group relative to non-cancer group was
more pronounced in patients without DES use (Figure 3C).

Discussion

The main findings in this study was that patients with a history of can-
cer at the time of PCI had increased risk for cardiac events such as
cardiac death and HF hospitalization as well as non-cardiac events
such as non-cardiac death, major bleeding, and non-CABG surgery.

Recent advances in management and treatment for cancer have
led to better long-term mortality in cancer patients over the past
decade, and a new and important welfare issue of management of
CAD in cancer patients has emerged in the rapidly aging society.
Actually, more than 60% of all cancer patients have lived 5 years be-
yond diagnosis in Japan and USA, and cardiac disease reported to be
the leading cause of non-cancer related death among cancer survi-
vors.2,21–24 Therefore, increasing number of patients who have a
history of cancer need to receive coronary revascularization in the
current clinical practice. However, there are limited data about the
influence of co-existing cancer on cardiovascular outcomes in CAD
patients undergoing PCI. Hess et al.14 recently reported that patients
with a history of cancer (3.3% of the total population) had a similar
risk for cardiac death after PCI in a single-centre study which included

Figure 2 The Kaplan–Meier curves for (A) definite or probable stent thrombosis, (B) heart failure hospitalization, (C) the global utilization
of streptokinase and tissue plasminogen activator for occluded coronary arteries moderate/severe bleeding, and (D) non-coronary artery bypass
grafting surgery compared between the cancer group (blue line) and the non-cancer group (red line).
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Figure 3 Subgroup analyses for (A) all-cause death, (B) cardiac death, and (C) heart failure hospitalization. Number of patients with event was
counted through the entire follow-up period, while the cumulative incidence was evaluated at 5-year. Hazard ratio and 95% confidence interval were
estimated by the Cox proportional hazard models. AMI, acute myocardial infarction; CI, confidence interval; DES, drug-eluting stents; HF, heart fail-
ure; HR, hazard ratio.
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496 cancer patients undergoing PCI at Duke University Medical
Center from 1996 to 2010. Velders et al.15 reported that patients
with cancer showed greater mortality after ST-segment elevation MI
(STEMI) in their multicentre STEMI registry which included 208 can-
cer patients. There are several possible reasons for the different im-
pact of cancer on cardiovascular mortality between the two previous
studies, such as the indication of PCI (both stable CAD and acute cor-
onary syndrome vs. STEMI only), the prevalence of cancer in study
population (3.3% vs. 6.0%) and follow-up duration (14- vs. 1-year).
Most importantly, small number of cancer patients enrolled pre-
cluded drawing any definitive conclusions in all the previous studies.
In the present study including more than 1000 patients with a history
of cancer, CAD patients with a history of cancer and receiving PCI
were associated with significantly higher risk for cardiac death as well
as HF hospitalization as compared with those without. The back-
grounds for the increased cardiac death in cancer patients would be
complex. Cancer patients are considered to be at high risk for HF
due to radiotherapy- or chemotherapy-induced cardiac dysfunction
and cancer-related anaemia.7–10 Excess risk for HF might lead to
increased risk for cardiac death. Cancer patients are also considered
to be at high risk for thrombotic events due to cancer-related hyper-
coagulative status and interruption of antiplatelet therapy during inva-
sive or surgical procedure.26 Several case series reported the
concern about the high risk for ST in cancer patients after PCI.27,28 In
this study, patients with a history of cancer had a trend toward higher
risk for ST after PCI as compared with those without. Furthermore,
active cancer patients have higher risk for venous thromboembolism,
which might predispose to higher risk for cardiac death.29 On
the other hands, we could not find out any impact of cancer on MI
and stroke.

Cancer patients are generally at high risk for bleeding due to bleed-
ing from tumour, more frequent surgical procedures, and cancer-
related thrombocytopenia.25 In this study, actually, two- to three-fold
higher prevalence of anaemia and thrombocytopenia was observed
in patients with a history of cancer as compared with those without
at the time of PCI, and approximately half of patients with a history of
cancer received non-CABG surgery during 5 years after PCI.
Actually, patients with a history of cancer were associated with signifi-
cantly higher risk for major bleeding in this study, although the per-
sistent DAPT discontinuation was more common in patients with
cancer than those without. Bleeding would lead to increased risk for
cardiac death through several postulated mechanisms such as hypo-
volaemia/hypotension, blood transfusion, and discontinuation of im-
portant medications, particularly antithrombotic therapy.30,31

Considering the rapidly coming aging society and progress in can-
cer treatment, appropriate management for those patients with can-
cer have become an increasingly important issue in clinical practice.
Both of DES and optimal medical therapy (ACE-I, angiotensin recep-
tor blockers, beta-blockers, and statins) were underutilized in
patients with a history of cancer in this study, despite the increased
cardiac risk. Underutilization of evidence-based therapies may partly
contribute worse clinical outcomes in cancer patients. Therefore, we
have to pay more attention for the clinical history of cancer, and
consider appropriate patient-oriented management for cancer
patients such as indication of PCI, stent selection, and optimal medical
therapy.32–34

Study limitations
The current study has several limitations. First and most important,
the details of cancer such as active cancer or history of cancer, the
duration of cancer before index time, the kind of cancer, clinical stage,
and treatment for cancer were not available in this registry of patients
undergoing coronary revascularization, which was same as in other
previous reported studies. Second, this study, same as other previous
studies, had the limitations inherent to observational study design.
Unmeasured confounders and selection bias might influence the
study results, although we conducted the extensive statistical adjust-
ment for potential confounders. Third, after accounting the compet-
ing risk of non-cardiac death, the excess risk of the cancer group
relative to the non-cancer group was no longer significant. Fourth,
we have no data about number of patients excluded from PCI ther-
apy. Finally, because the practice pattern for CAD and cancer in
Japan could be somewhat different from those outside Japan, general-
izing these results to populations outside Japan should be done with
caution.

Conclusions

Patients with a history of cancer at the time of PCI had increased risk
for cardiac events such as cardiac death and HF hospitalization as
well as non-cardiac events such as non-cardiac death, major bleeding,
and non-CABG surgery.

Supplementary material

Supplementary material is available at European Heart Journal – Quality
of Care and Clinical Outcomes online.
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