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Abstract

Objective: Coronary artery disease (CAD) and cancer are the two leading causes

of death worldwide. Evidence suggests the existence of shared mechanisms for these

two diseases. We aimed to conduct a systematic review and meta-analysis to

investigate association between CAD and incident cancer risk.

Methods: We scarched Cochrane, PubMed, and Embase from inception until
October 20, 2021, without language restrictions. Observational cohort studies were
used to investigate the association between CAD and incident cancer risk. Using
random-effects models, the odds ratio (OR) and 95% confidence interval (CI) were
calculated. We utilized subgroup and sensitivity analyses to determine the potential
sources of heterogeneity and explore the association between CAD and specific
cancers. This study was conducted under a pre-established, registered protocol on
PROSPERO (CRD42022302507).

Results: We initially examined 8,533 articles, and included 14 cohort studies in
our review, 11 of which were eligible for meta-analysis. Patients with CAD had
significantly higher odds of cancer risk than those without CAD (OR = 1.15,95% CI
=[1.08, 1.22], I’ = 66%). Subgroup analysis revealed that the incident cancer risk was
significantly higher in both sexes and patients with CAD with or without myocardial

infarction. Sensitivity analysis revealed that the risk remained higher in patients with
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CAD even after >1 year of follow-up (OR = 1.23,95% CI = [1.08, 1.39], P = 76%).

Regarding the specific outcome, the incident risk for colorectal and lung cancers was

significantly higher (OR = 1.06,95% CI = [1.03, 1.10], = 10%, and OR = 1.36,
95% CI =[1.15, 1.60], I? = 90%, respectively) and that for breast cancer was lower
(OR =0.86,95% CI =[0.77,0.97], I’ = 57%) in patients with CAD than in those
without CAD.

Conclusion: CAD may be associated with incident cancer risk. particularly for

lung and colorectal cancers, in men and women as well as patients with or without

myocardial infarction. Early detection of new-onset cancer and detailed cancer

surveillance programs should be implemented in patients with CAD to reduce cancer-

related morbidity and mortality.
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Background

Cancers and coronary artery disease (CAD) are the two leading causes of death
worldwide. They are closely associated with shared risk factors, which may indicate
common biological characteristics, such as common pathways that result in smoking-
related CAD and lung cancer.' Some studies have also suggested that cardiovascular

diseases, such as myocardial infarction and cancer share similarities in terms of

obesity, oxidative stress, and inflammation.> * People with mild CAD before cancer

diagnosis may experience disease progression due to the cancer-induced
proinflammatory and hypercoagulable states. Furthermore, CAD may cause a delay in
the initiation of cancer treatment due to a decline in the patient’s heart condition or
increased risk of surgery.! Thus, early detection of neoplasm in patients with CAD
through appropriate strategies is critical for reducing future morbidity.

Some studies have reported increased incidence of CAD and stroke after cancer
diagnosis. Various radio- and chemotherapeutic agents may affect the development
and progression of cardiovascular disease. 7 Further, several studies have indicated a
high prevalence of occult cancer in patients with cardiovascular disease and reported
that it is important to identify cancer risk factors as it may aid in developing new and

effective preventive strategies. *'°

In contrast, several recent clinical and epidemiological studies have revealed a

. . . . 2 . .
link between myocardial infarction and new-onset cancer;'"*'* however, the findings
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were inconsistent and contradictory.'*'* According to a systematic review, increased
cancer risk after myocardial infarction was only significant in women and patients
with certain cancers such as lung cancer. However, some of the review’s analytic
findings were based on only two or three studies and it only included patients with
myocardial infarction, not all patients with CAD.!> Recently, a large cohort study
demonstrated that atherosclerotic cardiovascular disease itself increased cancer
incidence after a median follow-up of 1,020 days.'® Thus, the potential of CAD as a
causal factor in cancer remains unknown. Furthermore, it has not yet been elucidated
whether occult cancer occurs before the emergence of CAD. Therefore, this study
aimed to conduct a comprehensive systematic review and meta-analysis to determine

the association between CAD and incident cancer risk.
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Methods

Data sources and study selection
This systematic review followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (Table S1).!” This protocol was
registered into the PROSPERO International Prospective Register of Systematic

Reviews (CRD42022302507).

The first author (Hsin-Hao Chen, HHC) and a medical librarian (Shu-Jung Liu,

SJL) independently conducted an unrestricted search of electronic databases

(Cochrane, PubMed, Embase [excluding Medline], and Taiwan Airiti Library) from

inception until October 20, 2021. The following search terms were used: coronary

artery disease, atherosclerosis, ischemic heart disease, myocardial infarction,

neoplasms, cancer, and malignancy. The disagreements between the authors were

resolved by a third reviewer (Tzu-Lin Yeh, TLY). We also examined potentially

relevant studies in the references of relevant articles. Table S1 presents a complete

description of the search strategies.

To identify eligible studies, we first removed duplicates. Two authors (Yi-Chi

Lo, YCL and Wei-Sheng Pan, WSP) independently screened the titles and abstracts of

each article, followed by a review of the full texts. If there was a disagreement, the

third author (HHC) was consulted to reach consensus. Studies were included if they

met the following criteria: (1) retrospective or prospective cohort studies; (2) studies
6
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investigating the association between fatal or nonfatal CAD and cancer risk; (3)

studies wherein cancer occurred after CAD diagnosis; and (4) studies reporting

adjusted cancer relative risk (RR), odds ratio (OR), and hazard ratio (HR) with 95%

confidence interval (CI). Further, the exclusion criteria were as follows: (1) animal

studies; (2) cross-sectional and case—control studies wherein cancer may have

occurred before or concurrently with CAD; (3) nonobservational article types; (4)

studies that did not report the relevant data for extraction; or (5) literature reviews,

republished data, case reports, dissertations, editorial, letter, or conference abstracts.

We initiated the formal screening of search results while registering the protocol into

PRSOPERO because we were afraid that the COVID-19 pandemic would affect the

writing and review process at that time.

Data extraction and quality assessment

Two authors (YCL and WSP) independently extracted the following data from

each included article: first author, publication year, publication country, study design,

CAD type, number of enrolled participants, age, follow-up duration, adjusted factors,

cancer type, and main results (Table 1). Any disagreements were resolved through

discussion with the third author (HHC). If any information was missing from the

study results, the authors of original studies were contacted via email. The Newcastle
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Ottawa Scale (NOS)'® was used by two authors (HHC and YCL) to independently
assess the quality of the included studies. In cohort studies, the quality assessment
tool (NOS) was used to rate each study in three domains—selection, comparability,
and outcome—using a star system, with scores ranging from 0 to 9 stars.'” The

selection domain indicates representativeness of the exposed cohort, selection of the

nonexposed cohort, and determination of exposure and outcome of interest that were

absent at the beginning of the study. The comparability domain indicates whether

exposed and nonexposed cohorts matched in the study design and/or whether

confounders were adjusted for in the analysis. The outcome domain indicates whether

the data were assessed accurately and whether the follow-up was adequate. If there

was disagreement between two authors, the corresponding author (Tzu-Lin Yeh)

made the final decision. A cohort study was considered to be of high quality if it

received at least 6 stars.

Statistical analysis and data synthesis

We calculated pooled ORs with 95% Cls to estimate incident cancer risk in

patients with CAD and compared it with that in patients without CAD. For our meta-

analysis, we used statistical computing software R, version 4.1.2 (RStudio, Inc.,

Boston, MA, USA), primarily the Comprehensive R Archive Network package
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“metagen.”” Subsequently, we employed a random-effects model based on the
DerSimonian and Laird’s method with an assumption of nonidentical true effect
sizes >! These results were presented as forest plots. Furthermore, heterogeneity
among studies was quantified using Cochran’s Q test and I statistics, and a p-value of
<0.05 in the Q test or /* value of >50% indicated the presence of heterogeneity.”
Subgroup analysis was determine to assess the potential origins of heterogeneity. We
did not perform a meta-regression analysis using patient characteristics, as some
studies did not provide enough study-level variable information.'>* Thus, this
method would have been unsuitable, according to the methodological standards for
meta-analysis and qualitative systematic reviews.”* We investigated the association
between CAD and different cancers, including lung, colorectal, breast, liver, and
prostate cancers. To assess the robustness of the results, we performed a sensitivity
analysis that included only studies with a follow-up time of >1 year. The risk of

publication bias was assessed using funnel plots and Egger’s test.”
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Results

Study characteristics and quality assessment

Figure 1 presents the article selection flowchart. Initially, we obtained 8,533
articles from databases and by hand searching. Subsequently, we removed duplicates,
reviewed titles and abstracts, and retrieved and evaluated 25 full-text articles for
eligibility. After excluding articles with duplicate populations or those incompatible
with the inclusion criteria, our systematic review included 14 cohort studies, 11 of
which were eligible for meta-analysis (Fig.1).

Table 1 summarizes the general demographic characteristics of the included
studies in the systematic review. Of the included studies, only two'®2® were
conducted in Asia, whereas other studies were from USA or Europe. Four studies
included patients with myocardial infarction identified via discharge diagnosis with

12-14.27 whereas other studies included

Internal Classification of Disease (ICD) codes,
patients with CAD identified via hospital medical records, discharge diagnosis with
ICD codes, or computed tomography scan with coronary artery calcium (CAC) score
of >0. The duration of follow-up ranged from <1 year to a maximum of 33 years.
Furthermore, we confirmed that the diagnosis of CAD was made before the
occurrence of cancer in all included studies. Considering the cancer type, most studies
investigated the incidence of all cancers, whereas other studies only assessed specific

23.2
I',‘S"‘?

cancers, such as colorectal cance or cancers specific to men (prostate) or

10
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women.>2* Regarding the outcomes, a study only reported the incidence rate, 2°
whereas other studies provided the overall or subgroup effect estimates of RR, OR,
and HR with 95% CI.

In our study quality assessment, we observed that only one study did not report
the items of selection and comparability domain and, as such, did not meet our
criteria'!. All other included studies received at least 6 of 9 stars on the NOS quality
assessment scale, indicating high quality. Tables S3 presents the detailed results.
Results of meta-analysis

We pooled 11 studies for meta-analysis, which included >1,321,978 patients;
however, one of these studies'? did not specify the number of participants. Patients
with CAD had significantly higher odds of cancer risk than those without CAD (OR =

1.15,95% CI1 =[1.08, 1.22], P = 66%; forest plot shown in Fig.2). Subgroup analyses

were performed based on the heterogeneity in the country and CAD type of patients.

Patients with CAD had significantly higher odds of cancer risk than those without
CAD in non-Asian regions (OR = 1.15,95% CI=[1.08, 1.23], P = 67%: Fig.S1).
Furthermore, Asian patients with CAD showed nonsignificantly higher odds of cancer
risk than those without CAD (OR = 1.17,95% CI = [0.89, 1.53], P> = 67%; Fig.S1).
We also conducted a subgroup analysis by CAD subtype, which revealed that those
with or without myocardial infarction had significantly higher odds of cancer risk

11




175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

among patients with CAD than among those without CAD (OR =1.11,95% Cl =
[1.00,1.23],/°=89% and OR = 1.17,95% CI = [1.08, 1.27], > = 51%, respectively;
Fig.S2).
Subgroup analysis by sex
We also performed pooled analyses in a random-effects model based on sex.

This analysis was conducted when the studies indicated the odds of cancer risk by

11-14,23, 28,30

individual sex. After pooling seven studies, the overall risk of cancer

incidence in men with CAD was higher than that in those without CAD (OR = 1.12,

95% Cl=[1.03,1.22], I? = 61%; Fig 3-1). Furthermore, after pooling six studies,'"'%

.30 women with CAD showed a higher incident cancer risk than those without CAD

(OR =1.08,95% CI = [1.00, 1.16], I? = 56%, Fig.3-2).
Subgroup analysis by different outcome

We determined whether CAD exerted different effects on different types of

cancer. Patients with CAD had a significantly higher risk of colorectal and lung
cancers than those without CAD (OR = 1.06, 95% CI = [1.03, 1.10], ” = 10%:; Fig.4-1

and OR =1.36,95% Cl = [1.15, 1.60], P = 90%, respectively; Fig.4-2), as determined

12,26,27, 30 11-13,26, 30

after pooling four and five studies, respectively. However,

1-13.26.30 3 Jower risk was

according to the odds of breast cancer risk in five studies,
observed among patients with CAD than among those without CAD (OR = 0.86, 95%

12
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Cl=[0.77,0.97], P = 57%; Fig 4-3). Furthermore, compared with patients without
CAD, a nonsignificantly increased risk of prostate and liver cancers was observed in
those with CAD (OR = 104, 95% C1 = [0.94, 1.16], > = 72%; Fig.S3-1 and OR =

1.03,95% CI1 =[0.88, 1.21], P = 59%, respectively; Fig.S3-2), as determined after

11-13,23,26, 28,30 11,12,26

pooling seven and three studies, respectively.

Sensitivity analysis and publication bias

We analyzed six studies in which all patients had a follow-up time of >1 year."*

23.26.27.31.32 The incident cancer risk was still higher in patients with CAD than in
those without CAD (OR = 1.23,95% CI = [1.08,1.39], I? = 76%; Fig.S4). Funnel

plots revealed asymmetry for publication bias, as shown in Fig.S5. In addition,

Egger’s test revealed a significant publication bias (p = 0.06).

13
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Discussion

Our meta-analysis revealed that patients with CAD had significantly higher odds
of cancer risk than those without CAD among cohort studies. Subgroup analysis
indicated that cancer risk was significantly higher in both men and women, those with
and without myocardial infarction, and non-Asian patients. Moreover, for specific
cancer types, patients with CAD had a higher risk of colorectal and lung cancers,
nonsignificantly higher risk of prostate and liver cancers, and lower risk of breast
cancer.

A previous systematic review of myocardial infarction based on only three
studies revealed that the incident cancer risk in the test group was nonsignificantly
higher (OR = 1.08,95% CI =[0.97, 1.19]) than that in the control group. However,
subgroup analysis revealed that the overall cancer risk was higher in women and
during the first 6 months following myocardial infarction diagnosis."> Further, our
meta-analysis of eleven studies revealed a significantly higher incident cancer risk in
patients with CAD with or without myocardial infarction. One of the differences in
the outcomes of patients with myocardial infarction is the number of cohort
participants included in the meta-analysis. As the 1998 study by Dreyer in Denmark"'
comprised only a small proportion (96891 people) of the 2013 study by Erichsen
(297523 people),” we included a large cohort instead of a small cohort. Further, our

14




224  meta-analysis evaluated patients without myocardial infarction via CAC,

225  percutaneous coronary intervention (PCI), or hospital discharge records to

226  comprehensively assess cancer risk in patients with CAD.

227 CAD and incident cancer risk are mainly associated because of the presence of

228  shared risk factors. As summarized in the study by Hasin et al., cancer may be caused

229 by treatment modalities or biological changes related to cardiovascular diseases.*
230  Other reviews have also indicated that inflammatory cytokines, such as
231  interleukin(IL)-1, IL-6, IL-10, tumor necrosis factor-o, macrophage migration

232  inhibitory factor, and transforming growth factor-3, are involved in tumor initiation

233 and progression.*** In addition to inflammation during the development of

234  atherosclerosis and cancer, a recent review revealed that ase-related mutations,

235  obesity, smoking. and diabetes are overlapping risk factors between cancer and

236 CAD.* Additionally, some observational studies have reported that noncardiac
237  causes, such as malignancies, are responsible for most later deaths in patients with
238  myocardial infarction treated with PCI.%¢-%

239 Conversely, some studies have suggested that the increased cancer risk

240 immediately after myocardial infarction can be attributed to other confounding
241  factors, such as surveillance bias, rather than myocardial infarction itself. Patients
242  with myocardial infarction had frequent clinical appointments and underwent more
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diagnostic examinations, especially in the first few months after the event, which may
increase the likelihood of early cancer detection.'*: !> This situation is not only
observed in patients with myocardial infarction but also in those without. Other
studies have shown that occult cancers could have occurred before the cardiovascular
event if cancer incidence is observed immediately after the start of myocardial

infarction follow-up *® In some patients, an underlying malignancy can cause an

ischemic stroke. The effects of the coagulation cascade, tumor mucin secretion,
infections, and nonbacterial endocarditis may contribute to the mechanisms.* Thus,
occult cancer may also contribute to the development of CAD. However, our
sensitivity analysis revealed that patients with CAD continue to have an increased
incident cancer risk after >1 year of follow-up, which differs from the meta-analysis
based on only two studies reporting that cancer risk is only significant in the first 6
months. Another study revealed that although the cancer risk is the highest in the first
year following myocardial infarction, cancer develops over time."* According to

a recent large-scale cohort study, atherosclerotic cardiovascular disease increases the

incident cancer risk after a median follow-up of 1,020 days.'® Morcover, the risk is

increased when patients with CAD concomitantly have aortic and peripheral artery

disease with a median follow-up of 3 vears.*® Therefore, CAD may affect long-term

cancer incidence.
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Our study revealed that CAD events increased the risk of lung and colorectal

cancers but decreased the risk of breast cancer. We determined that “smoking,” a

well-known cause of lung and colorectal cancers, was a common risk factor. This may

account for some of our findings that indicate that the risk of both cancers was

significantly increased after CAD.*' Another reason for an increase in lung cancer

incidence may be that cardiac scanning includes the lungs; thus, lung cancers account

for most detected cancers.’® Diabetes is a classic risk factor for CAD and is also

related to elevated risk of cancer, especially colorectal cancer.’® A study showed that

patients with diabetes had a 20%-38% higher cancer risk than those without

diabetes.*> Moreover, modifiable environmental risk factors, such as obesity, lack of

physical activity, and westernized diet, may predispose individuals to CAD and

colorectal cancer*? According to two large prospective cohort studies, a high intake

of animal fat or processed red meat and low intake of fiber could increase the risk of

CAD and colon cancer.*** One possible explanation for the lower risk of breast
cancer in our study is life-long aspirin treatment, as recommended by CAD
guidelines,*® which may also affect carcinogenesis. Large-scale cohort studies have
consistently demonstrated the protective effects of low-dose aspirin for treating breast
cancers ** " However, there is limited evidence to support the association between
CAD and breast cancer and we cannot exclude the possible selection bias; therefore,
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more research is warranted in this regard.

This is the first study to conduct a comprehensive review and meta-analysis of
the association between CAD and incident cancer risk with regard to patients with or
without myocardial infarction as well as different cancer types. However, there are
some limitations that must be addressed. First, our meta-analysis had significant
publication bias, indicating that some nonsignificant studies are not published. This
would weaken the positive association between CAD and incident cancer risk
observed in our study. However, current evidence was the best available, and all
studies, including several population-based cohort studies, were of moderate-to-high
quality. Second, not all included studies could distinguish the length of follow-up and
different cancer types. Our findings showed that the cancer risk remains elevated even
at 1 year of follow-up after a CAD event, which contradicts the findings of the
previous two studies.'?+?® According to our subgroup analysis, CAD may have
different effects on different cancer types. Additional studies with subgroup analysis
of follow-up time and different types of cancer are thus warranted to investigate the
association between CAD and incident cancer risk. Third, most studies did not
provide data regarding heart failure or left ventricular ejection fraction. Recently,
Meijers et al. indicated that heart failure stimulates tumor growth via cardiac-excreted
circulating factors.* Furthermore, heart failure is associated with cancer incidence **
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and could become a confounding factor in future research.

Conclusions

Based on our analysis of newly published data, we observed an increased risk of

incident cancer after a CAD event. This was observed in men and women as well as

patients with cancers, particularly lung and colorectal cancers, with or without

myocardial infarction. Although this trend may be attributable to several common risk

factors and underlying pathophysiologic mechanisms such as inflammation, patients

with a history of CAD are still more likely to develop cancer. As CAD and cancer are

the two leading causes of death, treatment of any one disease may affect the

occurrence of the other. Therefore, more research is warranted regarding the causes of

malignancy. Further, detailed cancer surveillance and possible interventions in the

CAD population should be implemented to reduce cancer-related morbidity and

mortality.
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Figure title and legends

Figure 1. Flowchart for selection of articles

Figure 2. Forest plot of comparing incident cancer risk in patients with CAD with
that in patients without CAD; CI, confidence interval; OR, odds ratio; se, standard
error; TE, treatment effect.

Figure 3. Forest plot of comparing incident cancer risk in patients with CAD with
that in patients without CAD by individual sex. CAD, coronary artery disease; CI,
confidence interval; OR, odds ratio; se, standard error; TE, treatment effect.

Figure 4. Forest plot of comparing incident cancer risk in patients with CAD with
that in patients without CAD by individual cancer type. CAD, coronary artery disease;
CI. confidence interval; OR, odds ratio; se, standard error; TE, treatment effect.
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