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Abstract: Aim:
The aim of this study is to evaluate temporal trends, treatment and clinical outcomes of
patients who present with an acute myocardial infarction (AMI) and have a current or
historical diagnosis of cancer, according to cancer type and presence of metastases.
Methods and Results:
Data from 6,563,255 patients presenting with an AMI between 2004-2014 from the US
National Inpatient Sample (NIS) database were analysed. A total of 5,966,955 had no
cancer, 186,604 had current cancer and 409,697 had a historical diagnosis of cancer.
Prostate, breast, colon and lung cancer were the four most common types of cancer.
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Patients with cancer were older with more comorbidities. Differences in invasive
treatment were noted, 43.9% received percutaneous coronary intervention (PCI) in
patients without cancer whilst only 21.0% of patients with lung cancer received PCI.
Lung cancer was associated with the highest in-hospital mortality (odds ratio (OR) 2.71
95% confidence interval (CI) 2.62,2.80), major adverse cardiovascular and
cerebrovascular complications (OR 2.38 95% CI 2.31,2.45) and stroke (OR 1.91 95%
CI 1.80,2.02), while colon cancer was associated with highest risk of bleeding (OR 2.82
95% CI 2.68,2.98). Irrespective of the type of cancer, presence of metastasis was
associated with worse in-hospital outcomes, and historical cancer did not adversely
impact on survival (OR 0.90, 95% CI 0.89,0.91).
Conclusions
A concomitant cancer diagnosis is associated with a conservative medical
management strategy for AMI, and worse clinical outcomes, compared to patients
without cancer. Survival and clinical outcomes in the context of AMI vary significantly
according to the type of cancer and metastasis status. The management of this high-
risk group is challenging and requires a multi-disciplinary and patient-centred approach
to improve their outcomes.
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Dear Professor Lüscher, Editor in Chief, 

  

Please find enclosed our manuscript “Acute myocardial infarction, treatments and 

outcomes in 6.5 million patients with current or a historical diagnosis of cancer in the United 

States” Ref: EURHEARTJ-D-19-00042R1 for second resubmission to the European Heart 

Journal for consideration for publication. We thank the Editorial Committee and the Reviewers 

for their valuable comments on the manuscript and feel that these recommendations have 

improved the quality of our manuscript. We have attempted to answer all the comments fully 

as outlined in the rebuttal and highlighted all new changes in yellow in the manuscript. Our 

response to reviewers’ comments are enclosed in the ‘Letter Revised Manuscript’ file.  

 

Yours sincerely 

Professor Mamas A. Mamas 

On behalf of submitting authors 

 

Letter to the Editor



Response to reviewers 

 

Reviewer #1: 

The authors have not really responded to my concerns in terms of making substantial 

changes to the paper. I suppose it is because of the inherent limitations of the NIS dataset. 

As such I have no further comments beyond that. 

We are sorry to hear to the reviewer feels that the changes made in the first revision fell short 

of substantial. We have attempted to respond to the reviewer’s comments within the limitations 

of our dataset and our changes based on reviewer 1’s comments included further analyses 

(presentation of mortality based on type of management strategy received (medical, PCI, 

CABG and angiography only) and based on history of radiotherapy). We have also 

acknowledged limitations such as the lack of information on chemotherapy and other cancer 

treatments in the relevant section. We have made all efforts to ensure that all potential 

confounders were adjusted within the limitations of a retrospective observational study from 

NIS as the reviewer has highlighted.  

Reviewer #2:  

Comment: The study has a good grade of originality and has also been much improved 

following the adjustments requested from both the reviewers.  

It is opinion of this reviewer that the major limitation corresponds to the lack of 

information on differentiation among cancer therapy completed or ongoing. This lack of 

information can represent an important source of bias impacting the evaluation of "true" 

outcome in the oncologic setting. Accordingly, this should be further remarked in the 

"limitations" section of the Discussion. The lack of differentiation between mild and 

major bleeding is also important and shall not be underestimated. 

Response: We thank the reviewer for taking the time to review our manuscript and provide 

constructive feedback. We agree with the reviewer’s comments and these limitations have been 

further emphasised in the manuscript (quoted below):  

Under Discussion: 

“Furthermore, we were unable to stratify bleeding based on standardized definitions used in 

cardiovascular trials (major vs. minor). The NIS also does not capture information on 

antithrombotic regimes, which may contribute to outcomes, particularly if patients with cancer 

are prescribed less potent anti-platelet agents or dual antiplatelet therapy due to concerns 

around major bleeding complications, or chemotherapy regimens. The latter may predispose 

to complications such as re-infarction or major bleeding, and absence of information on 

whether chemotherapy is ongoing or completed can represent a source of bias when evaluating 

the true outcomes in the oncologic setting.” 

 

Comment: 2004-2014 is a long period, during which several changes and progresses have 

strongly modified and improved both the quality of life and the survival of cancer 

patients. These different trends can have been obviously an influence also in patients 

experiencing AMI. Accordingly, it could be nice to present subanalyses restricted to the 

Letter Revised manuscript

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



period 2010-2014. Also the improvement of antiplatelet therapy has determined a 

significant improvement of survival in AMI patients.  

Response: We agree with the reviewer in that both AMI and cancer treatments have changed 

drastically in recent years, which is also why we observe more patients with history cancer and 

history of ischaemic heart disease in our study. We have performed sensitivity analyses for the 

years 2010-2014 and these have been updated in the results section and relevant tables (below). 

The findings from the 2010-2014 sensitivity analyses for the overall and STEMI cohorts were 

similar to those in the original cohort (2004 to 2014).  

Supplemental tables:  

Supplemental Table 4. Odds ratios (OR) and 95% confidence intervals (CI) of adverse events in 

cancer patients according to timing of diagnosis in full cohort and selected study years* 

 Overall (2004-2014) Years 2010-2014 

Outcome/Group 
Current cancer Historical cancer Current cancer Historical cancer 

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Mortality 1.68 (1.65,1.71) 0.90 (0.89,0.91) 1.66 (1.62,1.71) 0.89 (0.87,0.91) 

MACCE 1.53 (1.51,1.55) 0.88 (0.87,0.89) 1.52 (1.48,1.56) 0.91 (0.89,0.93) 

Bleeding 1.98 (1.95,2.00) 1.04 (1.03,1.06) 2.15 (2.10,2.19) 1.09 (1.07,1.11) 

Stroke 1.26 (1.22,1.30) 0.85 (0.83,0.87) 1.34 (1.28,1.41) 0.93 (0.89,0.96) 

 

Supplemental Table 5. Odds ratios (OR) and 95% confidence intervals (CI) of adverse events in 

STEMI subgroup of cancer patients according to timing of diagnosis in full cohort and selected study 

years * 

 Overall (2004-2014) Years 2010-2014 

Outcome/Group 
Current cancer Historical cancer Current cancer Historical cancer 

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Mortality 1.64 (1.60,1.69) 0.91 (0.89,0.94) 1.61 (1.54,1.69) 0.92 (0.89,0.96) 

MACCE 1.54 (1.50,1.57) 0.91 (0.89,0.93) 1.52 (1.46,1.59) 0.96 (0.89,0.99) 

Bleeding 1.95 (1.90,2.00) 1.06 (1.04,1.09) 2.18 (2.08,2.28) 1.10 (1.06,1.15) 

Stroke 1.22 (1.15,1.30) 0.90 (0.86,0.95) 1.44 (1.31,1.58) 1.07 (0.99,1.15) 

 

Supplemental Table 9. Odds ratios (OR) and 95% confidence intervals (CI) of adverse events in 

STEMI subgroups of most prevalent cancer groups* 

Outcome/Group 
Prostate  Breast cancer  Colon cancer Lung Cancer  

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Mortality     

Overall cohort 1.09 (1.02,1.17) 1.26 (1.11,1.53) 1.90 (1.70,2.12) 2.80 (2.66,2.95) 

Years 2010-2014 1.13 (0.99,1.29) 1.55 (1.27,1.89) 2.45 (2.06,2.91) 2.49 (2.27,2.74) 

MACCE**     

Overall cohort 1.13 (1.06,1.20) 1.12 (1.00,1.25) 1.69 (1.53,1.88) 2.49 (2.37,2.61) 

Years 2010-2014 1.07 (0.95,1.20) 1.33 (1.11,1.60) 2.09 (1.78,2.45) 2.37 (2.18,2.57) 

Bleeding     

Overall cohort 1.35 (1.25,1.45) 1.28 (1.13,1.45) 2.78 (2.52,3.07) 2.03 (1.92,2.15) 

Years 2010-2014 1.54 (1.36,1.75) 1.50 (1.21,1.85) 3.37 (2.88,3.95) 2.36 (2.15,2.60) 

Stroke     

Overall cohort 1.02 (0.87,1.20) 0.88 (0.67,1.15) 0.82 (0.61,1.11) 1.65 (1.47,1.86) 

Years 2010-2014 0.88 (0.65,1.19) 0.57 (0.33,0.99) 1.07 (0.67,1.71) 2.73 (2.32,3.23) 
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Comment: I agree with the first reviewer that the "Discussion" was and has remained 

too long. 

Response: We have tried to reduce the length of the discussion by almost one page. We hope 

that the reviewer finds its current length more acceptable.  

 

Statistical Review: 

 

1. The overall mechanics of the analysis are appropriate, but there are some general 

concerns regarding whether or not this is a spurious association.  In particular, is there 

any justification that the past medical record would be available to providers in the ED 

during an Acute MI event?  It seems unlikely this would be the case universally, so the 

causal link of the prior cancer to treatment of AMI seems questionable.  The discussion 

opens up with language that appears to suggest a causal relationship.  

We thank the reviewer for their comment. A diagnosis of cancer whether current or historical 

is considered a major life event for patients. When presenting with AMI, patients are assessed 

and their medical history taken by medical staff. It is unlikely that patients with a current or 

prior diagnosis of cancer would not advance this information to the medical staff who is / are 

assessing / treating them. Active cancer particularly is quite a significant comorbidity and 

patients, even in an acute setting of AMI, would mention this to their attending physicians. 

We have updated our discussion to ensure that it does not imply any causal relationship.   

 

2. While the link of chemotherapy and AMI is established, this discussion seems 

unrelated to this paper. Much of the discussion needs to be refocused on the data and 

associations studied. 

Response: We have removed this part from the discussion.  

 

3. How much of the disparity in treatment is attributable to hospital practice 

variation?  Furthermore, is there referral bias for patients with AMI? 

Response: We thank the reviewer for this comment. We ran further regression models to 

specifically look at factors associated with receipt of invasive management (coronary 

angiography, PCI and CABG). These are presented in Supplemental Table 3 (displayed below). 

Of the institutional factors in our model, we note that the odds of receipt of invasive 

management were higher in urban (vs. rural) and larger bed-size hospitals, as well as in regions 

other than the Northeast. We now also report adjusted odds of receipt of invasive management 

in cancer groups according to timing of diagnosis (historical and current), that were previously 

presented as crude rates, and find that the odds of receipt of all invasive procedures were lower 

in patients with historical cancer compared to patients without cancer. These findings were 

updated in our results section (quoted below). Furthermore, we agree with the reviewer’s 

opinion that referral bias is existent, although this reflects real-world practice, and we have 

acknowledged this possibility in our discussion section (quoted below).  
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Under Results (subheading 2.1 Management strategy):  

 

“Patients with a current cancer diagnosis had the lowest rates of PCI and CABG, compared 

to those without cancer or with a history of cancer, and the highest rates of coronary 

angiography. These findings persisted in multivariate analysis where patients with current 

cancer were associated with significantly lower odds of all 3 procedures (OR coronary 

angiography: 0.54 95% CI 0.54, 0.55, PCI: 0.64 95% CI 0.63, 0.65 and CABG: 0.44 95% CI 

0.43, 0.45) compared to those without cancer. (Supplemental Table 3) Patients admitted to 

larger bed size (vs. small bed size) and urban (vs. rural) hospitals were more likely to undergo 

invasive management, as were patients admitted to US regions other than the Northeast.” 

Supplemental Table 3. Predictors of receipt of invasive management 

 CA PCI CABG 

 OR (95% CI) OR (95% CI) OR (95% CI) 

Cancer type  

(reference is no cancer)    

Current 0.54 [0.54, 0.55] 0.64 [0.63, 0.65] 0.44 [0.43, 0.45] 

Historical 1.03 [1.02, 1.04] 1.01 [1.00, 1.01] 0.93 [0.92, 0.94] 

Age 0.96 [0.96, 0.96] 0.98 [0.98, 0.98] 0.99 [0.99, 0.99] 

Female 0.80 [0.80, 0.81] 0.76 [0.75, 0.76] 0.55 [0.54, 0.55] 

Weekend admission 0.97 [0.97, 0.97] 0.94 [0.94, 0.95] 0.85 [0.84, 0.86] 

STEMI 1.59 [1.58, 1.60] 3.14 [3.13, 3.15] 0.73 [0.73, 0.74] 

Hospital bed size  

(reference is small) 
 

  

Medium  1.68 [1.67, 1.69] 1.49 [1.48, 1.50] 1.22 [1.20, 1.23] 

Large  3.01 [2.99, 3.03] 2.34 [2.32, 2.35] 1.90 [1.88, 1.93] 

Hospital location and teaching 

status (reference is rural) 
 

  

Urban non-teaching  3.00 [2.99, 3.02] 2.30 [2.29, 2.32 2.39 [2.36, 2.43] 

Urban teaching  5.07 [5.04, 5.11] 3.51 [3.48, 3.53 3.59 [3.54, 3.64] 

Hospital region (reference is 

Northeast) 
 

  

Midwest 1.84[1.83, 1.85] 1.57[1.56, 1.58] 1.11[1.10, 1.12] 

South 1.53[1.52, 1.54] 1.25[1.25, 1.26] 1.26[1.25, 1.27] 

West 1.35[1.34, 1.36] 1.24[1.23, 1.24] 1.14[1.13, 1.15] 

Comorbidities    

Peripheral vascular disease 1.16 [1.15, 1.16] 0.97 [0.96, 0.97] 1.21 [1.20, 1.22] 

Renal failure 0.60 [0.59, 0.60] 0.68 [0.68, 0.69] 0.59 [0.59, 0.60] 

Previous MI 0.85 [0.84, 0.85] 0.82 [0.81, 0.82] 0.92 [0.91, 0.93] 

Previous PCI 1.18 [1.17, 1.18] 1.21 [1.20, 1.21] 0.74 [0.73, 0.75] 

Previous CABG 0.49 [0.49, 0.50] 0.56 [0.55, 0.56] 0.11 [0.11, 0.11] 

Previous Stroke 0.80 [0.79, 0.81] 0.85 [0.84, 0.86] 0.77 [0.75, 0.78] 
CABG: coronary artery bypass graft; MI: myocardial infarction; PCI: percutaneous coronary intervention; 

STEMI: ST Elevation Myocardial Infarction 

Under Discussion:  
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“Whilst there may be an element of selection bias, where the lower risk “healthier” cancer 

patients are more likely to be invasively managed, our data provide supporting data for 

invasive management of such patients.” 

 

4. Overall figure quality is generally poor (look like bar charts straight from Excel). 

Consider revising these to show the errors in the estimates (95% Cis).  The estimates 

may be shown as a forest plot.  

Response: All figures have been updated in quality. However, it is hard to display the errors 

in estimates for crude rates because the confidence interval is so narrow. Our main figures 2-

4 demonstrate crude rates so they would have to be demonstrated in graphical form and not 

plots. Figure 5 is a forest plot for adjusted odds ratios with corresponding 95% confidence 

intervals.  

 

5. Figure 5 – this figure appears incomplete in the paper. 

Response: This figure has been reuploaded as there may have been an error during the initial 

upload to the submission portal.   

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



Abstract 

Aim:  

The aim of this study is to evaluate temporal trends, treatment and clinical outcomes of patients 

who present with an acute myocardial infarction (AMI) and have a current or historical 

diagnosis of cancer, according to cancer type and presence of metastases. 

Methods and Results:  

Data from 6,563,255 patients presenting with an AMI between 2004-2014 from the US 

National Inpatient Sample (NIS) database were analysed. A total of 5,966,955 had no cancer, 

186,604 had current cancer and 409,697 had a historical diagnosis of cancer. Prostate, breast, 

colon and lung cancer were the four most common types of cancer. Patients with cancer were 

older with more comorbidities. Differences in invasive treatment were noted, 43.9% received 

percutaneous coronary intervention (PCI) in patients without cancer whilst only 21.0% of 

patients with lung cancer received PCI. Lung cancer was associated with the highest in-hospital 

mortality (odds ratio (OR) 2.71 95% confidence interval (CI) 2.62,2.80), major adverse 

cardiovascular and cerebrovascular complications (OR 2.38 95% CI 2.31,2.45) and stroke (OR 

1.91 95% CI 1.80,2.02), while colon cancer was associated with highest risk of bleeding (OR 

2.82 95% CI 2.68,2.98). Irrespective of the type of cancer, presence of metastasis was 

associated with worse in-hospital outcomes, and historical cancer did not adversely impact on 

survival (OR 0.90, 95% CI 0.89,0.91).  

Conclusions 

A concomitant cancer diagnosis is associated with a conservative medical management 

strategy for AMI, and worse clinical outcomes, compared to patients without cancer. Survival 

and clinical outcomes in the context of AMI vary significantly according to the type of cancer 

and metastasis status. The management of this high-risk group is challenging and requires a 

multi-disciplinary and patient-centred approach to improve their outcomes. 
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Acute Myocardial Infarction treatments and outcomes in 6.5 million patients with current or a 
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Abbreviations: 

AMI- Acute Myocardial Infarction 

AHRQ- Agency for Healthcare Research and Quality  

CABG- Coronary Artery Bypass Graft 

CAD- Coronary Artery Disease 

COPD- Chronic Obstructive Pulmonary Disease 

CVD- Cardiovascular Disease 

HCUP- Healthcare Cost and Utilisation project 

MACCE- Major Adverse Cardiovascular and Cerebrovascular Events 

NIS- National Inpatient Sample 

PCI- Percutaneous Coronary Intervention 

STEMI- ST segment Elevation Myocardial Infarction 
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Abstract 

Aim:  

The aim of this study is to evaluate temporal trends, treatment and clinical outcomes of patients 

who present with an acute myocardial infarction (AMI) and have a current or historical 

diagnosis of cancer, according to cancer type and presence of metastases. 

Methods and Results:  

Data from 6,563,255 patients presenting with an AMI between 2004-2014 from the US 

National Inpatient Sample (NIS) database were analysed. A total of 5,966,955 had no cancer, 

186,604 had current cancer and 409,697 had a historical diagnosis of cancer. Prostate, breast, 

colon and lung cancer were the four most common types of cancer. Patients with cancer were 

older with more comorbidities. Differences in invasive treatment were noted, 43.9% received 

percutaneous coronary intervention (PCI) in patients without cancer whilst only 21.0% of 

patients with lung cancer received PCI. Lung cancer was associated with the highest in-hospital 

mortality (odds ratio (OR) 2.71 95% confidence interval (CI) 2.62,2.80), major adverse 

cardiovascular and cerebrovascular complications (OR 2.38 95% CI 2.31,2.45) and stroke (OR 

1.91 95% CI 1.80,2.02), while colon cancer was associated with highest risk of bleeding (OR 

2.82 95% CI 2.68,2.98). Irrespective of the type of cancer, presence of metastasis was 

associated with worse in-hospital outcomes, and historical cancer did not adversely impact on 

survival (OR 0.90, 95% CI 0.89,0.91).  

Conclusions 

A concomitant cancer diagnosis is associated with a conservative medical management strategy 

for AMI, and worse clinical outcomes, compared to patients without cancer. Survival and 

clinical outcomes in the context of AMI vary significantly according to the type of cancer and 

metastasis status. The management of this high-risk group is challenging and requires a multi-

disciplinary and patient-centred approach to improve their outcomes. 

 

 

Keywords: AMI; cancer; complications; mortality  
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Introduction 

Cardiovascular disease and cancer together account for nearly 70% of disease-related 

mortality in developed countries.1 Advances in therapies for cancer have resulted in a decline 

in mortality, thereby increasing life expectancy in cancer survivors. A significant number of 

patients with active malignancy or a history of it will present with cardiovascular disease, that 

has been shown to be the leading cause of death in cancer survivors 2. The risk of cardiovascular 

disease varies depending on the type of cancer and therapy that the patient has been subjected 

to, ranging from two fold higher risk in testicular cancer survivors 3 to a seven fold higher risk 

in survivors of childhood malignancies 4.  Although cardiovascular disease and cancer are 

thought of as two distinct disease processes, there is considerable overlap in etiopathogenesis 

both at an epidemiologic and molecular level. Whilst shared epidemiologic risk factors such as 

age, smoking 5, diabetes 6 and obesity 7 are well known, the complex molecular mechanisms 

that are responsible for these diseases and the interplay between them remains less clearly 

understood.  

Patients with a malignancy pose several challenges when presenting with an acute 

myocardial infarction (AMI). They are often older 8-10, with more comorbidities 10, 11 and have 

more extensive coronary artery disease (CAD) 8. Their hematologic and coagulation 

abnormalities pose challenges to the use of anticoagulants, antiplatelet agents and percutaneous 

coronary intervention (PCI). There is limited evidence-based guidance in this cohort, further 

adding to the clinical dilemma. 12, 13 Patients with active malignancy have been excluded from 

randomised controlled trials that have been used to define best practice in AMI. Furthermore, 

there is omission of cancer from all contemporary risk stratification scores used to define 

ischemic and bleeding risk, despite the fact that cancer diagnosis has far greater implications 

than the comorbidities included in these scores. 14-17   

There are limited data on clinical outcomes following AMI in patients with a cancer 

diagnosis, as studies in the literature currently do not differentiate between current and prior 

cancer diagnoses, cancer type or the presence of metastases. We, therefore, sought to analyse 

the temporal trends, treatment patterns and clinical outcomes in a large contemporary cohort 

of over 6 million patients with AMI stratified by the type of cancer diagnosis and presence of 

metastasis over a 10-year period using the National Inpatient Sample (NIS) database a publicly 

available database in the Unites States containing weighted data from over 35 million hospital 

stays each year.
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Methods 

Data source 

Data was obtained from the US National Inpatient Sample (NIS) between 2004- 2014. The NIS 

is an all-payer database developed by the Agency for Healthcare Research and Quality 

(AHRQ), as part of the Healthcare Cost and Utilisation project (HCUP).18 The NIS database is 

made up of hospital admission data, and represents approximately 20% of US hospital 

admissions each year. Unweighted, the NIS contains information from 7 to 8 million 

admissions each year. Discharge weights are provided to give national estimates. The NIS 

contains no individual patient identifier, therefore repeat admissions in the same year or across 

multiple years are unable to be identified. Since 2012, the NIS samples discharges from all 

hospitals participating in HUCP, approximating a 20% stratified sample of all discharges from 

US community hospitals. The sampling strategy has changed over time in order to produce 

more generalizable estimates by reducing sampling bias.  Before 2012 the NIS retained all 

discharges, but only from a sample of hospitals.  

 

Study design 

The NIS was used to identify patients who were admitted to hospital with a primary 

diagnosis of AMI. Using the international classification of disease, ninth edition, clinical 

modification (ICD-9-CM) codes, primary admission with ST-segment elevated myocardial 

infarction (STEMI) was identified using codes 410.0x, 41.01x, 410.2x, 410.3x, 410.4x, 410.5x, 

410.6x, 410.8x, 410.9x and non ST-segment elevated myocardial infarction (NSTEMI) using 

410.7x. Only patients with a primary diagnosis of AMI were considered. Hospitalisations were 

excluded if the patient was under the age of 18.  

Baseline patient characteristics included patient age, sex, median household income, 

primary expected payer and hospitalization admission day (weekday/weekend). We also 

included information about the hospital to which the patient was admitted including bed size 

and teaching/location status. Additional patient comorbidities were identified from the 

diagnosis codes using ICD-9-CM codes. These included known CAD, smoking status, prior 

MI or stroke, prior PCI and prior coronary artery bypass graft (CABG), chronic obstructive 

pulmonary disease (COPD). Finally, Elixhauser comorbidities were also considered.  

For each patient who had been admitted with a primary diagnosis of AMI, patients with 

either a current cancer diagnosis or a historical diagnosis were identified. Current cancer 
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diagnoses were found using the clinical classifications software codes, with ICD-9-CM codes 

being used to identify the historical cancer diagnoses. The 30 most common types of cancer 

were in this population were considered (presented in Supplemental Table 1).  

Patient treatments and complications 

Supplemental Table 2 overviews ICD-9-CM codes used to identify patient 

characteristics, complications and procedures. Procedural ICD-9-CM codes were used to 

determine treatment received by the patient. These included coronary angiography (88.52 

88.53 88.54 88.55 88.56 37.22 37.23), percutaneous coronary intervention (00.66 36.01 36.02 

36.06 36.07 3609) or coronary artery bypass graft (36.1x 36.20 36.31 36.32 36.9x). If none 

were recorded it was assumed that the patient had been medically managed. The NIS does not 

capture pharmacological data. Other procedural characteristics that were considered include 

long-term or short-term ventricular assist device (VAD), intra-aortic balloon pump (IABP), 

and intubation or mechanical ventilation.  

Clinical Outcomes 

In-hospital clinical outcomes including mortality, major adverse cardiovascular or 

cerebrovascular events (MACCE) (a composite of all-cause mortality, cardiac complications 

and stroke), stroke and bleeding were identified. Cardiac complications included 

hemopericardium, cardiac tamponade, need for pericardiocentesis and occurrence of coronary 

dissection. Bleeding complications included gastrointestinal, retroperitoneal, intracranial, 

intracerebral haemorrhage, unspecified haemorrhage, and whether a blood transfusion was 

required. The ICD-9-CM codes used to identify the clinical outcomes are given in 

Supplemental Table 2. The length of stay on the discharge record and the total billed 

hospitalisation charge for each individual discharge were recorded. As the total billed charge 

is not representative of the hospital services cost, a charge to cost conversion ratio was used in 

order to covert the reported charges into the actual cost for the payer.  

 

Statistical analysis 

Continuous variables are expressed as median and interquartile range between 

parentheses (IQR) due to skewed nature of the data. Categorical variables are expressed using 

percentages. Where missing data were less than 10% of the covariate data, the observations 

with missing data were removed. Data was assumed to be missing at random. 
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For calculation of national estimates and correct variances, sampling weights for each 

individual discharge that were provided by the AHRQ were used. In order to ensure that the 

analysis provided an accurate national representation, weighted estimates were produced using 

the survey analysis method (svy command in Stata). Individual weights were provided for each 

record, with a hospital variable to account for clustering within hospitals. Due to the redesign 

of the NIS data and the alternative sampling strategy used before 2012, these weights needed 

to be updated from the original sampling weights for 2004-2011 in order for the analysis to be 

conducted across all included years. All analyses were conducted using Stata 14.  

Multivariable analyses were used to look at the impact of cancer diagnoses on the 

clinical outcomes. Logistic regression models were fitted to examine the association between 

current or historical cancer diagnoses and in-hospital outcomes (mortality, MACCE, stroke and 

bleeding), presented as odds ratios (OR) with corresponding 95% confidence interval (CI). In 

order to assess the impact of the cancer diagnosis, all models were adjusted for potential 

confounders. These included age, gender, median income, expected payer, elective admission, 

hospital bed size and location, diagnosis of shock, use of VAD or IABP, history of CAD, 

previous MI, previous CABG, previous stroke, previous PCI, STEMI diagnosis, treatment and 

year of hospitalisation, as well as the Elixhauser comorbidities. The models were adjusted for 

the patient, hospital and procedural characteristics listed in Table 1. Other models were fitted 

to examine the association between the following subgroups and aforementioned outcomes; 1) 

the most prevalent current cancers, 2) the presence of metastases, 3) patients with only STEMI 

diagnosis, and 4) patients admitted between 2010 and 2014. Further models were fitted to 

examine predictors of receipt of invasive management (coronary angiography, PCI and 

CABG). As a sensitivity analysis, a propensity score matching was used to calculate the 

average treatment effect, which was the difference between a cancer diagnosis or no cancer 

diagnosis.  

Results 

A total of 6,563,255 weighted records were identified with a primary diagnosis of AMI 

between 2004 and 2014 excluding records with missing information and/or patients under the 

age of 18, accounting for approximately 3% of records (Figure 1). Between 2004 and 2014 

there was a small rise in the rate of patients admitted with a primary diagnosis of AMI with a 

current diagnosis of cancer (2004 to 2014: 2.5% to 3.0%), and an even greater rise in the rate 

of patients admitted with a historical cancer diagnosis (2004 to 2014: 4.8% to 7.7%).   
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The 10 most prevalent cancer types and the percentage of records that had either a 

current or historical diagnosis of these cancers are shown in Supplemental Figure 1. The most 

common current cancer diagnosis was lung cancer followed by prostate cancer and leukaemia. 

For historical cancers the most prevalent was prostate cancer followed by breast cancer.   

1. Cancer diagnoses 

The patient characteristics of each of the considered groups (no cancer, current cancer 

and historical cancer) are shown in Table 1. The prevalence of STEMI was 29.0% in the current 

cancer group, 28.7% in the historical cancer group and 36.0% in the no cancer group. Cancer 

patients were older (median ages of 75 (67,82) years and 77 (67,84) years compared to 67 

(56,79) years). Female prevalence was highest in the historical cancer cohort (43%) and lowest 

in the current cancer group (35%). The prevalence of previous MI, PCI or CABG were similar 

across the groups. The rates of deficiency anaemia were higher in both the current and historical 

cancer diagnoses compared to the no cancer group, as were the rates of complicated diabetes 

mellitus and chronic renal failure. Patients with current cancer had a higher prevalence of 

COPD, coagulopathy, fluid and electrolyte disturbances and weight loss.  

1.1 Management strategy 

The crude rates of invasive procedures (coronary angiography, PCI and CABG) 

according to timing of cancer are presented in Figure 3. Patients with a current cancer diagnosis 

had the lowest rates of PCI and CABG, compared to those without cancer or with a history of 

cancer, and the highest rates of coronary angiography. These findings persisted in multivariate 

analysis where patients with current cancer were associated with significantly lower odds of 

all 3 procedures (OR coronary angiography: 0.54 95% CI 0.54, 0.55, PCI: 0.64 95% CI 0.63, 

0.65 and CABG: 0.44 95% CI 0.43, 0.45) compared to those without cancer. (Supplemental 

Table 3) Patients admitted to larger bed size (vs. small bed size) and urban (vs. rural) hospitals 

were more likely to undergo invasive management, as were patients admitted to US regions 

other than the Northeast.  

1.2  Clinical Outcomes 

In-hospital mortality was almost twice as high in patients with a current cancer 

diagnosis than those with historical or no cancer, (11.1% vs 5.4% and 5.7% respectively). 

(Table 3) MACCE and stroke were also significantly higher in the current cancer group, 

compared to both the historical group and the no cancer group (MACCE: 13.3% vs. 7.2% and 

7.7%, respectively, and stroke: 2.4% vs. 1.5% and 1.7%). Similar patterns were observed for 
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bleeding complications, where the current cancer group had twice the rates of bleeding than 

the historical cancer and no cancer groups (18.4% vs 9.7% and 8.8% respectively). Patients 

with a current cancer diagnosis had an increase in the odds of in-hospital mortality compared 

to those with no cancer (OR 1.68 (95% CI 1.65,1.71)). (Supplemental Table 5) In contrast, 

patients with a historical cancer diagnosis had decreased odds of mortality (OR 0.90 (95% CI 

0.89,0.91)). Patients with a current cancer diagnoses had increased odds of MACCE (OR 1.53 

(95% CI 1.51,1.55)) and stroke (OR 1.26 (95% CI 1.22,1.30)) whilst those with historical 

cancer had reduced odds of either event (MACCE: OR 0.88 (95% CI 0.87,0.89), stroke: OR 

0.85 (95% CI 0.83,0.87)) compared to no cancer. The odds of bleeding complications were 2-

fold higher in patients with current cancer compared to those without cancer, (OR 1.98 (95% 

CI 1.95,2.00)), with only a modest increase in odds in the historical cancer group (OR 1.04 

(95% CI 1.03,1.06)). Similar findings were observed in patients admitted between 2010 and 

2014 (Supplemental Table 4), and in the STEMI group (Supplemental Table 5) Finally, a 

propensity score matched analysis was conducted as a sensitivity analysis. (Supplemental 

Table 6). The results compared any cancer diagnosis to no cancer, and support the results seen 

in the main analysis.  

2. Four Most Prevalent Cancer Diagnoses 

The prevalence rates of the 10 most common cancer types are depicted in Supplemental 

Figure 1. In patients who were admitted with AMI, the four most common malignancies were 

prostate, breast, colon, and lung cancer. Approximately 98% of patients diagnosed with breast 

cancer were female, while diagnoses of colon and lung cancer had a broader sex distribution, 

although there were consistently less females than males across all diagnoses (ranges between 

42.2% and 41.4%). The number of patients with prostate, breast and colon cancer remain fairly 

stable, however, over time there was a much larger variability in the number of patients with 

lung cancer (from 55 people per 10 000 records up to over 68 people per 10 000 records in 

2007 and 60 per 10 000 records in 2014). 

Patients across the 4 different cancer types were less likely to be admitted with a 

primary diagnosis of STEMI and were on average older than the patients admitted with no 

cancer. (Table 3) Patients with prostate cancer had the highest median age (79 (72,85) years). 

Patient with cancer diagnosis were less likely to receive invasive treatments. Patients with lung 

cancer were the least likely to receive any treatment, with only 21% of patients receiving a PCI 

compared to 43.8% of patients with no cancer.  
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2.1 Clinical outcomes 

The incidence of in-hospital mortality, MACCE, bleeding and stroke were all higher in 

the different cancer types than patients with no cancer. (Table 4) The highest in-hospital 

mortality rates occurred in patients with lung cancer, which was nearly 3 times greater 

compared to patients with no cancer (15.7% vs 5.7%). Patients who were medically managed 

had mortality outcomes consistently worse than those observed in patients that were managed 

invasively, with in-hospital mortality rates varying between 13.3% to 19.3% compared to 

11.1% in patients that were managed medically that did not have an active cancer diagnosis. 

(Figure 4) Supplemental Figure 2 shows the crude in-hospital mortality of the 4 considered 

cancer types and whether metastases were present, with the percentage of records that received 

each of the different treatment types, medically managed, angiography, PCI or CABG. We also 

report the percentage of records with each unadjusted outcome stratified by the receipt of 

radiotherapy. (Supplemental Table 7) 

Patients with any of the four types of cancer had an increased risk of MACCE, mortality 

and stroke compare to patients with no cancer. (Table 5) The odds of MACCE and mortality 

were highest  (2-fold) in the lung cancer group compared to those without cancer (OR 2.38 

(95% CI 2.31,2.45) and OR 2.71 (95% CI 2.65,2.80), respectively), followed by colon cancer 

(OR 1.49 (95% CI 1.39,1.59 and OR 1.68 (95% CI 1.56,1.81). (Figure 5) The odds of bleeding 

were highest in the colon cancer group (OR 2.82 (95% CI 2.68,2.98), compared to those 

without cancer, followed by lung cancer (OR 2.06 (95% CI 2.00-2.12). The odds of stroke were 

only significantly raised in patients with lung cancer (OR 2.31 (95% CI 2.12,2.52) but no 

difference was observed between other cancer groups and those without cancer. Similar 

findings were observed in patients admitted between 2010 and 2014 (Supplemental Table 8), 

and in the STEMI subgroup (Supplemental Table 9). Several factors other than cancer 

diagnosis were associated with increased in-hospital mortality, including STEMI, peripheral 

vascular disease, female sex, renal failure and coagulopathies, and advanced age. 

(Supplemental Table 10).  

Mortality was higher when metastases were present for all types of cancer. 

(Supplemental Table 11) When the different cancer types are stratified into the whether or not 

metastases were present, the outcomes of patients with metastases were significantly worse 

than in patients without metastases and patients without a cancer diagnosis. In the no metastases 

group, once differences in baseline covariates were adjusted for, only patients with lung cancer 
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had an increase in the odds of in-hospital mortality, (OR 1.73 (95% CI 1.44, 2.08), Figure 5) 

compared to patients without cancer.  

Overall, the adjusted odds of adverse events (MACCE, mortality and bleeding) were 

significantly higher in patients with metastases than those without, however, there were 

exceptions according to the type of cancer and metastases status. (Supplemental Table 12) 

There was no difference in MACCE and mortality between patients with non-metastatic breast 

and prostate cancers and those without cancer (OR 0.92, 95% CI 0.82, 1.02 and OR 1.02, 95% 

CI 0.96, 1.08, respectively), and no difference in bleeding in patients with non-metastatic breast 

cancer (OR 1.07, 95% CI 0.99, 1.17). Furthermore, there was no difference in stroke between 

patients with breast and colon cancers and those without cancer regardless of metastases status.     

Discussion 

 

The present study of over 6.5 million patients is the largest to report the prevalence and 

outcomes of patients with cancer in a national cohort of AMI hospitalisations, and shows that 

close to 1 in 10 patients had either a current or historical diagnosis of cancer, with lung, breast, 

colon and prostate cancers being the four most prevalent cancers. We observe a rise in the 

prevalence of cancer in patients presenting with AMI, mainly driven by an increase in patients 

with a historical diagnosis of cancer. This could be explained by the improvement in cancer 

therapies leading to an rise in the number of cancer survivors.19 In our study patients in the 

cancer group who presented with AMI were older and had more comorbidities, consistent with 

the findings of previous studies. 10, 11, 20 We demonstrate that patients with a current diagnosis 

of cancer are less likely to receive invasive management (coronary angiography, PCI or 

CABG), compared to patients without cancer, despite invasive management being consistently 

associated with lower in-hospital mortality rates irrespective of the type of cancer diagnosis. 

We also observe a disparity in outcomes depending on the subtype of cancer and metastases 

status, with outcomes generally worse in patients with metastases. Once baseline risk profile 

was adjusted for, in the absence of metastases, lung cancer and colon cancers were associated 

a higher risk of in-hospital mortality whereas prostate and breast cancers were not. In the 

presence of metastases, all common cancer subtypes (breast, prostate, colon and lung) were at 

a higher risk of mortality, bleeding and stroke, compared to those without cancer.   

 There was considerable disparity in invasive management strategies depending on the 

presence and type of cancer in the present study. Patients with a current cancer diagnosis were 

at least 36% less likely to receive an invasive management strategy, even after adjustment for 
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other baseline differences. Amongst the most prevalent cancer groups, lung cancer patients 

were the least likely to receive coronary angiography and PCI compared to those without 

cancer. Interestingly, patients managed medically amongst all types of cancer diagnosis had 

consistently higher inpatient mortality rates compared to those patients managed by an invasive 

strategy by a factor between two to three. Whilst there may be an element of selection bias, 

where the lower risk “healthier” cancer patients are more likely to be invasively managed, our 

data provide supporting data for invasive management of such patients. To date, no randomised 

trial has evaluated the risks and benefits of conservative versus invasive strategies for treatment 

of AMI in cancer patients, who are frequently excluded from major randomized AMI trials.13 

 Abnormalities in hematologic parameters such as anaemia and thrombocytopenia and 

procoagulant states associated with certain types of cancer pose challenges for treatment. 21-23 

The presence of malignancy was shown to be an independent predictor of stent thrombosis in 

the Dutch Stent Thrombosis Registry. 24 In an observational study of STEMI patients by 

Velders et al a diagnosis of cancer in the 6 months before primary PCI was strongly associated 

with early cardiac mortality. 11 In an analysis by Tabata et al malignancy was found to be an 

independent predictor of target lesion revascularization (TLR) following PCI. They also 

reported that time since completion of cancer treatment had an impact on the rate of TLR, 

which was the most among those with a current or recent cancer history. 9 The Society of 

Coronary Angiography and Interventions (SCAI) has put forth an expert consensus statement 

with emphasis on special considerations regarding coronary angiography and interventions in 

cancer patients.12 It includes a recommended revascularization approach that takes into account 

the platelet count, TIMI risk score and the early involvement of a cardio-oncology team.  

Our analysis also reveals that patients with AMI and current cancer were associated 

with at least 50% increased risk of MACCE, bleeding complications and in-hospital mortality 

as compared to those without no cancer, whereas patients with historical cancer were at no 

increased risk of adverse outcomes other than bleeding. Even when data was limited to the last 

4 years of our study (2010-2014) for a more contemporary assessment of risk, similar findings 

were recorded. Although these findings are consistent with some previous studies, the majority 

of published outcomes data in this population are limited to PCI registries 8, 10, 11, 25, 26 with 

obvious exclusion of patients who were medically treated. Furthermore, prior studies 

considered cancer as a single condition, despite prognostic differences between cancer types 

and stages, and choice of revascularization (or lack thereof), as demonstrated in the present 

study. Subgroup analysis of the BleeMACS registry revealed that at one-year follow-up, 

patients with cancer more often experienced the composite endpoint of death and re-infarction 
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(15.2% vs. 5.3%, P<0.001) and bleeding (6.5% vs. 3%, P<0.001) as compared to those without 

cancer. 10 In a retrospective analysis from Israel, cancer survivors (mean cancer diagnosis-to-

PCI interval was 3.6±3.4 years) had a 40% increased risk of a composite end point of death, 

nonfatal MI, target vessel revascularization, and coronary bypass surgery, over a mean follow-

up period of 6.4±5.9 years. 25 In contrast, analysis of outcomes following PCI in cancer patients 

from the Duke 8 and Mayo 26 registries have, reported disparate findings. In the Duke study, 

the different subgroups of patients that were studied included ‘pre-PCI cancer’ (any cancer 

treatment before PCI), ‘post-PCI cancer’ (patients who received cancer treatment after the 

index PCI) and ‘recent cancer’ (cancer treatment within 1 year pre-PCI). In this database the 

majority of patients received PCI for acute coronary syndrome. The adjusted risk of long-term 

cardiovascular mortality was not significantly different in pre-PCI cancer versus non-cancer 

patients. However, for patients with post-PCI cancer, some of whom may have had occult 

cancer at the time of PCI, adjusted risk of cardiovascular mortality was significantly greater 

than for controls. 8 Analysis of data from the Mayo Clinic PCI registry, which included STEMI 

patients, revealed that patients with cancer had a higher in-hospital non-cardiac mortality but 

similar cardiac mortality as matched controls. Even at 6.2 years of median follow up the higher 

mortality seen in the cancer group was due to non-cardiac causes. 26.  

An important aspect of our study is that there is considerable variation in clinical 

outcomes following AMI depending on the type of cancer and the presence of metastases. Most 

previous studies 8, 10, 11, 25, 26, which have evaluated outcomes of AMI in cancer patients, lack 

granularity in terms of the type of cancer or presence of metastases. Given the different types 

of cancer and variations in their therapy and prognosis, this raises concerns about using a single 

pooled diagnosis of cancer for analysis. We show that patients with metastases were generally 

associated with worse adverse outcomes after AMI, except for stroke in patients with breast 

and colon cancer that was insignificant regardless of metastasis status. Patients with a diagnosis 

of lung cancer had the highest incidence of mortality, MACCE and stroke, which was further 

increased in the presence of metastases. A previous study which included only STEMI patients 

from the National Inpatient Sample database revealed that in-hospital mortality was 57.1% in 

patients with lung cancer, which was more than double that of the group without cancer 

(25.7%).20 In our study the odds of having a bleeding complication were close to 3-fold higher 

in patients with colon cancer, and we and others have shown that the presence of colon cancer 

to be an independent predictor of bleeding following PCI.27, 28 A 10-year observation study of 

49,515 patients with metastatic cancer and ACS suggested that even PCI did not provide 

mortality benefits compared to conservative medical therapy in this cohort. 29  
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The strength of our study lies in the large sample size, which is representative of a real-

world population. Ours is the first study to present a comparison of data regarding co-

morbidities, variations in treatment and clinical outcomes based on the type of cancer, which 

is lacking in most previous studies. Most of the previous studies relating to AMI in cancer 

patients are derived from PCI registries 8, 10, 11, 25, 26 thereby omitting a significant subgroup of 

patients who were medically managed. We acknowledge several limitations of our study, 

which are inherent to the database. The NIS does not capture data regarding the timing of 

cancer diagnosis, status of cancer therapy with relation to the AMI, which may in fact be a 

major prognostic factor as has been shown previously, 11 or cause of death, and lacks data 

regarding long term outcomes thereby limiting us to just in-hospital events. Furthermore, we 

were unable to stratify bleeding based on standardized definitions used in cardiovascular trials 

(major vs. minor).30 The NIS also does not capture information on antithrombotic regimes, 

which may contribute to outcomes, particularly if patients with cancer are prescribed less 

potent anti-platelet agents or dual antiplatelet therapy due to concerns around major bleeding 

complications, or chemotherapy regimens. The latter may predispose to complications such as 

re-infarction or major bleeding, and absence of information on whether chemotherapy is 

ongoing or completed can represent a source of bias when evaluating the true outcomes in the 

oncologic setting. Furthermore, the NIS also does not capture haematological information such 

as anaemia or thrombocytopenia that will serve to impact both treatment decisions and clinical 

outcomes (e.g. bleeding complications). Finally, as with most administrative databases, coding 

errors and underreporting of secondary diagnoses are always a potential source of bias.  

Conclusion 

In conclusion patients with current or historical diagnosis of cancer who present with 

AMI have more comorbidities as compared to those without cancer. The majority of these 

patients are treated conservatively without PCI and outcomes such as in-hospital mortality and 

MACCE are greater. Furthermore, there is considerable variation in clinical outcomes noted 

among different types of cancer with lung cancer being associated with worse mortality 

outcomes with the risk of bleeding significantly higher in patients with a diagnosis of colon 

cancer. Additionally, the presence of metastasis is associated with worse clinical outcomes 

irrespective of the type of cancer. With an abject lack of data from randomized trials, the 

clinician is often faced with numerous clinical and therapeutic conundrums when treating 

cancer patients who present with AMI. These patients should be approached from a 
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multidisciplinary standpoint involving cardiology and oncology positioning the current AMI 

in the context of the expected prognosis and tailoring the treatment accordingly.  
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Figure Legends  

Figure 1. Flow diagram of study population selection 

Caption: AMI: acute myocardial infarction 

Figure 2: Changes in number of records with either a current of historical cancer diagnosis over 

time.  

Figure 3: Distribution of treatments among current, historical and no cancer diagnoses 

Caption: CABG: coronary artery bypass grafting; PCI: percutaneous coronary intervention 

Figure 4: Crude mortality for patients with a current diagnosis of the 4 considered cancers 

stratified by treatment received 

Caption: *No CABG cases; CABG: coronary artery bypass grafting; PCI: percutaneous coronary 

intervention 

Figure 5: Adjusted odds ratios for adverse events according to cancer type and presence of 

metastases.  

Caption: MACCE: composite of all-cause mortality, cardiac complications and stroke 
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Table 1. Baseline characteristics of AMI patients based on the absence of cancer, current or 
historical cancer diagnosis  

 No cancer 
(90.9%) 

Current Cancer 
(2.8%) 

Historical Cancer 
(6.2%) 

Number of discharges 5,966,955 186,604 409,697 

STEMI 36.0% 29.0% 28.7% 

Age (median, IQR) 67 [56,79] 75 [67,82] 77 [67,84] 

Female 39.7% 35.0% 43.0% 

Weekend admission 26.0% 25.3% 25.6% 

Family history of CAD 0.8% 3.3% 6.8% 

Prior MI 10.1% 10.0 % 12.7% 

Prior PCI 11.3% 10.3% 13.6% 

Prior CABG 7.3% 8.6% 9.8% 

Prior Stroke 3.6% 4.0% 6.8% 

Carotid artery disease 1.7% 1.8% 2.4% 

Smoking history 34.3% 28.3% 33.7% 

Median home income    

1st – 25th percentile 28.8% 27.0% 24.4% 

26th-50th percentile 27.4% 26.8% 27.0% 

51st – 75th percentile 23.7% 23.8% 24.4% 

75th – 100th percentile 20.1% 22.4% 24.2% 

Expected payer    

Medicare 55.4% 76.2% 77.5% 

Medicaid 6.2% 4.0% 2.5% 

Private 28.8% 16.4% 16.9% 

Self 6.2% 1.4% 1.4% 

No charge 0.6% 0.2% 0.2% 

Other 2.8% 1.8% 1.5% 

Chronic comorbidities    

AIDS 0.1% 0.2% 0.1% 

Alcohol abuse 2.9% 1.9% 1.7% 

Deficiency anaemia 14.0% 26.2% 18.8% 

Collagen and rheumatic 
disease 

2.1% 2.1% 2.7% 

Chronic blood loss anaemia 1.1% 2.4% 1.1% 

Heart failure 0.9% 1.6% 0.5% 

COPD 20.2% 29.1% 23.5% 

Coagulopathy 4.1% 9.3% 4.6% 

Depression 6.2% 6.4% 7.5% 

Diabetes mellitus 
(uncomplicated) 

28.2% 25.7% 27.0% 

Diabetes mellitus 
complicated 

3.1% 5.2% 5.1% 

Drug abuse 2.1% 0.8% 0.7% 

Hypertension 66.1% 62.7% 71.8% 

Hyperthyroidism 9.3% 10.4% 14.1% 

Chronic liver disease 1.2% 1.6% 1.0% 

Fluid and electrolytes 
disturbances 

18.9% 25.6% 19.0% 

Metastatic cancer 0% 20.7% 2.6% 

Table 1
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Neurological disorders 5.7% 6.3% 6.8% 

Obesity 12.0% 5.9% 8.9% 

Paralysis 1.6% 1.7% 1.5% 

Peripheral vascular 
disorder 

10.6% 12.4% 13.0% 

Psychosis 2.0% 1.8% 1.7% 

Pulmonary circulation 
disorders 

0.1% 0.2% 0.1% 

Chronic renal failure 16.0% 20.9% 20.2% 

Peptic ulcer disease 0.01% 0.01% 0.01% 

Valvular heart disease 0.2% 0.5% 0.2% 

Weight loss 2.0% 5.0% 2.2% 

Hospital bed size    

Small bed size 10.3% 10.8% 10.6% 

Medium bed size 24.4% 24.8% 25.0% 

Large bed size 65.3% 64.4% 64.4% 

Hospital location/teaching 
status 

   

Urban nonteaching 41.9% 41.0% 41.8% 

Urban teaching 47.7% 47.2% 48.2% 

Rural  10.4% 11.8% 10.0% 

In-hospital procedures    

Angiography 65.2% 44.4% 59.8% 

PCI 43.9% 27.1% 37.6% 

CABG 9.1% 4.9% 7.5% 

IABP 5.0% 3.2% 3.4% 

Intubation/mechanical 
ventilation 

6.5% 7.3% 4.6% 

AIDS: acquired immunodeficiency syndrome; CAD: coronary artery disease; CABG: coronary artery bypass graft; 
COPD: chronic obstructive pulmonary disease; IABP: intra-aortic balloon pump; IQR: interquartile range; MI: 
myocardial infarction; PCI: percutaneous coronary intervention; STEMI: ST Elevation Myocardial Infarction 
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Table 2. In-hospital mortality and adverse events according to timing of cancer diagnosis.  
Outcome/Group (%) No cancer 

(90.9%) 
Current Cancer 

(2.8%) 
Historical cancer 

(6.2%) 

Mortality 5.7% 11.1% 5.4% 

MACCE* 7.7% 13.3% 7.2% 

Bleeding 8.8% 18.4% 9.7% 

Stroke 1.7% 2.4% 1.5% 
*composite of all-cause mortality, cardiac complications and stroke 
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Table 3. Baseline characteristics of the most prevalent cancer groups 
 Prostate 

Cancer (0.5%) 
Breast Cancer 

(0.1%) 
Colon Cancer 

(0.1%) 
Lung Cancer 

(0.6%) 

Number of discharges 30,712 9,542 8,995 37,241 

STEMI 29.4% 28.1% 31.8% 29.8% 

Age (median, IQR) 79 [72,85] 74 [65,82] 76 [67,83] 73 [65,79] 

Female 0% 98.4% 42.2% 41.4% 

Weekend admission 26.1% 25.9% 25.0% 25.1% 

Family history of CAD 3.2% 4.7% 2.6% 2.4% 

Prior MI 10.9% 7.9% 9.0% 9.6% 

Prior PCI 11.0% 7.1% 8.7% 9.3% 

Prior CABG 10.9% 4.8% 7.0% 8.3% 

Prior Stroke 4.1% 4.3% 2.6% 4.2% 

Carotid artery disease 2.2% 1.6% 1.6% 1.8% 

Smoking history 24.7% 22.4% 20.0% 42.0% 

Median home income     

1st – 25th percentile 26.3% 29.2% 29.4% 29.8% 

26th-50th percentile 26.3% 25.8% 27.1% 28.2% 

51st – 75th percentile 24.4% 24.4% 23.1% 22.8% 

75th – 100th percentile 22.9% 20.6% 20.4% 19.3% 

Expected payer     

Medicare 82.6% 74.7% 76.7% 74.9% 

Medicaid 1.9% 6.0% 4.4% 5.1% 

Private 12.8% 16.3% 15.2% 16.3% 

Self 1.0% 1.5% 1.8% 1.3% 

No charge 0.1% 0.3% 0.2% 0.2% 

Other 1.6% 1.2% 1.8% 2.2% 

Chronic comorbidities     

AIDS 0.1% 0.1% 0.0% 0.1% 

Alcohol abuse 1.8% 0.7% 1.2% 2.5% 

Deficiency anaemia     

Collagen and rheumatic 
disease 

1.3% 3.0% 1.3% 2.2% 

Chronic blood loss 
anaemia 

1.9 1.1% 10.3% 1.5% 

Heart failure 1.2% 1.6% 3.2% 1.2% 

COPD 12.2% 23.1% 20.4% 55.3% 

Coagulopathy 6.2% 6.1% 5.7% 8.0% 

Depression 5.3% 9.5% 5.2% 6.8% 

Diabetes mellitus 
(uncomplicated) 

25.0% 27.7% 27.8% 22.3% 

Diabetes mellitus 
complicated 

4.9% 6.8% 5.8% 3.8% 

Drug abuse 0.5% 0.5% 0.6% 0.8% 

Hypertension 67.8% 68.4% 60.0% 57.2% 

Hyperthyroidism 7.5% 17.5% 9.7% 8.4% 

Chronic liver disease 1.1% 1.1% 7.7% 1.2% 

Fluid and electrolytes 
disturbances 

20.7% 26.9% 28.2% 27.8% 

Metastatic cancer 19.5% 31.2% 37.5% 26.1% 
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Neurological disorders 7.1% 5.8% 5.8% 6.2% 

Obesity 5.5% 10.4% 5.8% 4.0% 

Paralysis 1.8% 1.7% 1.7% 1.8% 

Peripheral vascular 
disease 

13.6% 9.8% 11.2% 15.0% 

Psychosis 1.2% 2.1% 1.7% 1.9% 

Pulmonary circulation 
disorders 

0.1% 0.2% 0.5% 0.2% 

Chronic renal failure 22.7% 15.5% 18.2% 15.1% 

Peptic ulcer disease 0.02% 0.0% 0.1% 0.03% 

Valvular heart disease 0.5% 0.4% 0.8% 0.4% 

Weight loss 2.9% 3.0% 6.4% 7.1% 

Hospital bed size     

Small bed size 11.7% 11.4% 10.4% 10.4% 

Medium bed size 25.4% 5.7% 24.9% 24.6% 

Large bed size 62.9% 62.9% 65.0% 65.0% 

Hospital 
location/teaching 
status 

    

Urban nonteaching 42.5% 40.6% 42.5% 42.1% 

Urban teaching 45.1% 47.6% 46.0% 44.5 

Rural  12.4% 11.8% 11.5% 13.4% 

In-hospital procedures     

Coronary angiography 47.5% 47.0% 44.7% 34.8% 

PCI 29.3% 27.4% 27.6% 21.0% 

CABG 6.7% 4.2% 5.1% 2.3% 

IABP 3.3% 2.8% 3.4% 2.7% 

Intubation/mechanical 
ventilation 

5.5% 6.1% 7.9% 9.0% 

AIDS: acquired immunodeficiency syndrome; CAD: coronary artery disease; CABG: coronary artery bypass graft; 
COPD: chronic obstructive pulmonary disease; IABP: intra-aortic balloon pump; IQR: interquartile range; MI: 
myocardial infarction; PCI: percutaneous coronary intervention; STEMI: ST Elevation Myocardial Infarction 
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Table 4. In-hospital mortality and adverse events in the most prevalent cancer groups 

Outcome/Group (%) No cancer 
Prostate 

Cancer (0.5%) 

Breast 
Cancer 
(0.1%) 

Colon 
Cancer 
(0.1%) 

Lung Cancer 
(0.6%) 

Mortality 5.7% 8.7% 8.7% 11.6% 15.9% 

MACCE* 7.7% 10.7% 11.3% 13.7% 18.7% 

Bleeding 8.8% 13.8% 13.0% 28.5% 17.4% 

Stroke 1.7% 1.9% 2.4% 2.1% 3.5% 
*composite of all-cause mortality, cardiac complications and stroke 
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Table 5. Odds ratios (OR) and 95% confidence intervals (CI) of adverse events in most 
prevalent cancer groups* 

Outcome/Group 
Prostate  Breast cancer  Colon cancer Lung Cancer  

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Mortality 1.19 (1.14,1.25) 1.31 (1.21,1.42) 1.68 (1.56,1.81) 2.71 (2.62,2.80) 

MACCE** 1.17 (1.12,1.22) 1.23 (1.14,1.32) 1.49 (1.39,1.59) 2.38 (2.31,2.45) 

Bleeding 1.44 (1.39,1.49) 1.29 (1.21,1.38) 2.82 (2.68,2.98) 2.06 (2.00,2.12) 

Stroke 1.06 (0.97,1.15) 1.07 (0.93,1.22) 1.05 (0.91,1.21) 1.91 (1.80,2.02) 
*Reference is no (historical or current) cancer diagnosis for each outcome; **composite of all-cause mortality, 

cardiac complications and stroke 
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Supplemental Table 1. Distribution of considered cancer types among current and historical diagnoses.  
Cancer type Current cancer Historical cancer 

Head and neck 2.0% 2.1% 

Oesophagus 1.2% 0.6% 

Stomach 1.1% 0.5% 

Colon 4.8% 11.0% 

Rectum & anus 1.6% 1.0% 

Liver and intrahepatic bile duct 1.2% 0.2% 

Pancreas 2.4% 0.0% 

Other GI organs andf peritoneum 0.6% 0.5% 

Bronchus and lung 20.6% 5.5% 

Other respiratory and intrathoracic 0.1% 0.1% 

Bone and connective tissue 0.5% 0.0% 

Melanomas of skin 0.6% 2.9% 

Other non-epithelial skin 2.1% 8.6% 

Breast 5.2% 20.3% 

Uterus 0.8% 2.4% 

Cervix 0.4% 1.7% 

Ovary 1.0% 1.1% 

Other female genital organs 0.2% 0.5% 

Prostate 16.5% 24.0% 

Testis 0.1% 0.8% 

Other male genital organs 0.1% 0.1% 

Bladder 4.2% 6.2% 

Kidney and renal pelvis 2.4% 4.5% 

Other urinary organs 0.2% 0.1% 

Brain and nervous system 0.5% 0.3% 

Thyroid 0.3% 1.3% 

Hodgkin's disease 1.6% 0.7% 

Non-Hodgkin’s lymphoma 0.9% 2.3% 

Leukaemia 12.6% 0.4% 
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Multiple myeloma 0.6% 0.0% 

 

Supplemental Figure 1. Top 10 prevalent current cancer diagnoses, along with historical prevalence of each type of cancer 
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Supplemental Table 2. ICD-9-CM codes used to identify patient characteristics, complications and procedures. 

Variable ICD 9 codes 

Smoking Status V15.82, 305.1 

Previous MI 412 

Previous PCI V45.82  

Previous CABG V45.81  

Family history of CAD V17.3  

Previous stroke V12.54 

Coronary angiography  88.52 88.53 88.54 88.55 88.56 37.22 37.23 

PCI 00.66,36.01 36.02,36.06,36.07,36.09 

CABG 36.1x 36.20 36.31 36.32 36.9x 

Ventricular assist device 37.60 37.62 37.65 37.68, 37.66 37.52 

Intra-aortic balloon pump 37.61 

Intubation/mechanical ventilation 96.01 96.02 96.03 96.04 96.05 967.xx 

Haemopericardium 423.0 

Pericardiocentesis 37.0 

Cardiac tamponade 423.3 

Coronary dissection 414.12 

Stroke 433.01 433.11 433.21 433.31 433.81 433.91 

434.01 434.11 434.91 435.xx 436 

Bleeding Gastrointestinal 578.0 575.1 578.9 intracranial 

haemorrhage 430 431 432.xx 
CABG: coronary artery bypass graft; CAD: coronary artery disease; MI: myocardial infarction; PCI: percutaneous  

coronary intervention; STEMI: ST Elevation Myocardial Infarction 
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Supplemental Figure 2. In-hospital crude mortality depending on treatment received, stratified by type of cancer diagnosis and 

metastases status. 

 
*No CABG cases; CABG: coronary artery bypass grafting; PCI: percutaneous coronary intervention
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Supplemental Table 3. Predictors of receipt of invasive management 

 CA PCI CABG 

 OR (95% CI) OR (95% CI) OR (95% CI) 

Cancer type  

(reference is no cancer)    
Current 0.54 [0.54, 0.55] 0.64 [0.63, 0.65] 0.44 [0.43, 0.45] 
Historical 1.03 [1.02, 1.04] 1.01 [1.00, 1.01] 0.93 [0.92, 0.94] 

Age 0.96 [0.96, 0.96] 0.98 [0.98, 0.98] 0.99 [0.99, 0.99] 
Female 0.80 [0.80, 0.81] 0.76 [0.75, 0.76] 0.55 [0.54, 0.55] 
Weekend admission 0.97 [0.97, 0.97] 0.94 [0.94, 0.95] 0.85 [0.84, 0.86] 

STEMI 1.59 [1.58, 1.60] 3.14 [3.13, 3.15] 0.73 [0.73, 0.74] 

Hospital bed size  

(reference is small) 
 

  

Medium  1.68 [1.67, 1.69] 1.49 [1.48, 1.50] 1.22 [1.20, 1.23] 
Large  3.01 [2.99, 3.03] 2.34 [2.32, 2.35] 1.90 [1.88, 1.93] 

Hospital location and teaching 

status (reference is rural) 
 

  

Urban non-teaching  3.00 [2.99, 3.02] 2.30 [2.29, 2.32 2.39 [2.36, 2.43] 
Urban teaching  5.07 [5.04, 5.11] 3.51 [3.48, 3.53 3.59 [3.54, 3.64] 
Hospital region (reference is 

Northeast) 
 

  

Midwest 1.84[1.83, 1.85] 1.57[1.56, 1.58] 1.11[1.10, 1.12] 

South 1.53[1.52, 1.54] 1.25[1.25, 1.26] 1.26[1.25, 1.27] 

West 1.35[1.34, 1.36] 1.24[1.23, 1.24] 1.14[1.13, 1.15] 

Comorbidities    

Peripheral vascular disease 1.16 [1.15, 1.16] 0.97 [0.96, 0.97] 1.21 [1.20, 1.22] 

Renal failure 0.60 [0.59, 0.60] 0.68 [0.68, 0.69] 0.59 [0.59, 0.60] 

Previous MI 0.85 [0.84, 0.85] 0.82 [0.81, 0.82] 0.92 [0.91, 0.93] 
Previous PCI 1.18 [1.17, 1.18] 1.21 [1.20, 1.21] 0.74 [0.73, 0.75] 
Previous CABG 0.49 [0.49, 0.50] 0.56 [0.55, 0.56] 0.11 [0.11, 0.11] 
Previous Stroke 0.80 [0.79, 0.81] 0.85 [0.84, 0.86] 0.77 [0.75, 0.78] 

CABG: coronary artery bypass graft; MI: myocardial infarction; PCI: percutaneous coronary intervention; 

STEMI: ST Elevation Myocardial Infarction 
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Supplemental Table 4. Odds ratios (OR) and 95% confidence intervals (CI) of adverse 

events in cancer patients according to timing of diagnosis in full cohort and selected 

study years* 
 Overall (2004-2014) Years 2010-2014 

Outcome/Group 
Current cancer Historical cancer Current cancer Historical cancer 

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Mortality 1.68 (1.65,1.71) 0.90 (0.89,0.91) 1.66 (1.62,1.71) 0.89 (0.87,0.91) 

MACCE 1.53 (1.51,1.55) 0.88 (0.87,0.89) 1.52 (1.48,1.56) 0.91 (0.89,0.93) 

Bleeding 1.98 (1.95,2.00) 1.04 (1.03,1.06) 2.15 (2.10,2.19) 1.09 (1.07,1.11) 

Stroke 1.26 (1.22,1.30) 0.85 (0.83,0.87) 1.34 (1.28,1.41) 0.93 (0.89,0.96) 

*Reference is no cancer diagnosis for each outcome, adjusted for: age, gender, elective admission, weekend 

admission, median household income, primary expected payer, STEMI status, smoking history, Elixhauser 

comorbidities, use of an assist device or intra-aortic balloon pump, PCI, CABG, coronary angiography and 

previous MI, CABG, PCI or stroke, and year of hospitalization.  

 

Supplemental Table 5. Odds ratios (OR) and 95% confidence intervals (CI) of adverse 

events in STEMI subgroup of cancer patients according to timing of diagnosis in full 

cohort and selected study years * 
 Overall (2004-2014) Years 2010-2014 

Outcome/Group 
Current cancer Historical cancer Current cancer Historical cancer 

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Mortality 1.64 (1.60,1.69) 0.91 (0.89,0.94) 1.61 (1.54,1.69) 0.92 (0.89,0.96) 

MACCE 1.54 (1.50,1.57) 0.91 (0.89,0.93) 1.52 (1.46,1.59) 0.96 (0.89,0.99) 

Bleeding 1.95 (1.90,2.00) 1.06 (1.04,1.09) 2.18 (2.08,2.28) 1.10 (1.06,1.15) 

Stroke 1.22 (1.15,1.30) 0.90 (0.86,0.95) 1.44 (1.31,1.58) 1.07 (0.99,1.15) 
*Reference is no cancer diagnosis for each outcome, adjusted for: age, gender, elective admission, weekend 

admission, median household income, primary expected payer, STEMI status, smoking history, Elixhauser 

comorbidities, use of an assist device or intra-aortic balloon pump, PCI, CABG, coronary angiography and 

previous MI, CABG, PCI or stroke, and year of hospitalization.  

 

Supplemental Table 6. Coefficients for diagnosis of cancer from propensity score 

matching, reporting average treatment effects 
 Coefficient 95% CI 

Mortality 0.000218 (0.0016997, 0.0063439) 

MACCE* 0.0024805 (-0.002001,0.005161) 

Bleeding** N/A N/A 

Stroke -0.000866 (-0.022055,0.004736) 
CI: confidence interval; *composite of all-cause mortality, cardiac complications and stroke; **Bleeding 

could not be estimated due to perfect predictors 
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Supplemental Table 7. Crude in-hospital outcomes for most prevalent cancer groups 

stratified by receipt of radiotherapy 
 Prostate cancer Breast cancer Colon cancer Lung cancer 

No RDx 

(n=3110) 

RDx 

(n=1109) 

No RDx 

(n=9669) 

RDx 

(n=352) 

No RDx 

(n=9336) 

RDx 

 (n=71) 

No RDx 

(n=38463) 

RDx 

(n=2081) 

Mortality 8.8% 5.2% 8.8% 2.8% 11.5% 7.0% 15.8% 13.0% 

MACCE* 10.8% 6.9% 11.4% 2.8% 13.6% 7.0% 18.6% 15.2% 

Bleeding 13.7% 15.4% 13.0% 10.9% 28.6% 25.8% 17.2% 15.4% 

Stroke 2.1% 0.4% 2.3% 1.4% 2.1% 0% 3.4% 3.2% 
RDx: radiotherapy treatment; **composite of all-cause mortality, cardiac complications and stroke 

 

Supplemental Table 8. Odds ratios (OR) and 95% confidence intervals (CI) of adverse 

events in top 4 cancer current diagnosis groups in patients admitted between 2010 and 

2014* 

Outcome/Group 
Prostate  Breast cancer  Colon cancer Lung Cancer  

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Mortality 1.21 (1.13,1.31) 1.54 (1.37,1.73) 1.94 (1.72,2.18) 2.57 (2.43,2.71) 

MACCE** 1.16 (1.09,1.24) 1.36 (1.23,1.51) 1.63 (1.47,1.81) 2.37 (2.27,2.49) 

Bleeding 1.56 (1.47,1.65) 1.41 (1.28,1.55) 3.22 (2.96,3.49) 2.29 (2.19,2.39) 

Stroke 1.11 (0.97,1.27) 0.86 (0.68,1.09) 0.86 (0.66,1.13) 2.31 (2.12,2.52) 
*Reference is no (historical or current) cancer diagnosis for each outcome; **composite of all-cause 

mortality, cardiac complications and stroke 

 

 

Supplemental Table 9. Odds ratios (OR) and 95% confidence intervals (CI) of adverse 

events in STEMI subgroups of most prevalent cancer groups* 

Outcome/Group 
Prostate  Breast cancer  Colon cancer Lung Cancer  

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Mortality     

Overall cohort 1.09 (1.02,1.17) 1.26 (1.11,1.53) 1.90 (1.70,2.12) 2.80 (2.66,2.95) 

Years 2010-2014 1.13 (0.99,1.29) 1.55 (1.27,1.89) 2.45 (2.06,2.91) 2.49 (2.27,2.74) 

MACCE**     

Overall cohort 1.13 (1.06,1.20) 1.12 (1.00,1.25) 1.69 (1.53,1.88) 2.49 (2.37,2.61) 

Years 2010-2014 1.07 (0.95,1.20) 1.33 (1.11,1.60) 2.09 (1.78,2.45) 2.37 (2.18,2.57) 

Bleeding     

Overall cohort 1.35 (1.25,1.45) 1.28 (1.13,1.45) 2.78 (2.52,3.07) 2.03 (1.92,2.15) 

Years 2010-2014 1.54 (1.36,1.75) 1.50 (1.21,1.85) 3.37 (2.88,3.95) 2.36 (2.15,2.60) 

Stroke     

Overall cohort 1.02 (0.87,1.20) 0.88 (0.67,1.15) 0.82 (0.61,1.11) 1.65 (1.47,1.86) 

Years 2010-2014 0.88 (0.65,1.19) 0.57 (0.33,0.99) 1.07 (0.67,1.71) 2.73 (2.32,3.23) 
*Reference is no cancer diagnosis for each outcome, ** composite of all-cause mortality, cardiac 

complications and stroke; adjusted for: age, gender, elective admission, weekend admission, median 

household income, primary expected payer, STEMI status, smoking history, Elixhauser comorbidities, use 

of an assist device or intra-aortic balloon pump, PCI, CABG, coronary angiography and previous MI, 

CABG, PCI or stroke, and year of hospitalization.  
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Supplemental Table 10. Odds ratios (OR) and 95% Confidence intervals (CI) for the 

individual predictors of in-hospital mortality 

 OR (95% CI) 

Age 1.05 (1.05,1.05) 

Weekend admission 1.01 (1.00,1.02) 

Female 1.05 (1.05,1.06) 

STEMI 2.72 (2.70,2.74) 

Expected payer (reference is Medicare)  

Medicaid  1.08 (1.03,1.14) 

Private insurance  0.86 (0.83,0.89) 

Self-payer 1.26 (1.19,1.34) 

No charge  1.04 (0.87,1.23) 

Other  1.21 (1.12,1.31) 

Hospital bed size (reference is small)  

Medium  1.05 (1.04,1.07) 

Large  1.15 (1.14,1.17) 

Hospital location and teaching status 

(reference is rural) 
 

Urban non-teaching  1.07 (1.06,1.08) 

Urban teaching  1.19 (1.18,1.21) 

Median household income (reference is 

lowest quartile) 
 

2nd quartile 0.98 (0.97,1.00) 

3rd quartile 0.96 (0.95,0.97) 

4th quartile 0.90 (0.89,0.91) 

Comorbidities  

AIDS 1.34 (1.19, 1.52) 

Rheumatoid arthritis 1.05 (1.02, 1.08) 

Chronic pulmonary disease 1.03 (1.02, 1.04) 

Coagulopathy 1.24 (1.22, 1.25) 

Diabetes (uncomplicated) 1.01 (1.01, 1.02) 

Diabetes (complicated) 0.95 (0.93, 0.97) 

Liver disease 1.67 (1.62, 1.72) 

Fluid & electrolyte disorders 1.61 (1.59, 1.62) 

Neurological disorders 1.40 (1.38, 1.41) 

Paralysis 1.36 (1.33, 1.39) 

Peripheral vascular disease 1.25 (1.24, 1.27) 

Pulmonary circulation disorders 0.94 (0.87, 1.02) 

Renal failure 1.48 (1.46, 1.49) 

Valvular disease 1.07 (1.02, 1.13) 

Previous MI 0.92 (0.89,0.95) 

Previous PCI 0.76 (0.73,0.78) 
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Previous CABG 0.94 (0.91,0.97) 

Previous stroke 1.06 (1.01,1.11) 

Coronary artery disease 0.81 (0.75,0.87) 

Treatment  

CABG 0.35 (0.34, 0.35) 

PCI  0.47 (0.47, 0.48) 

Cancer type  

Prostate cancer 1.19 (1.14,1.25) 

Breast cancer 1.31 (1.21,1.42) 

Colon cancer 1.68 (1.56,1.81) 

Lung cancer  2.71 (2.62,2.80) 

 

Supplemental Table 11. In-hospital mortality and complications for most prevalent 

cancer groups, stratified by metastasis status. 
 

Prostate cancer Breast cancer Colon cancer 
Lung cancer 

 
No Met 

(n=24783) 

Met 

(n=5929) 

No Met 

(n=6,634) 

Met 

(n=2,908) 

No Met 

(n=5653) 

Met 

(n=3342) 

No Met 

(n=23686) 

Met 

(n=13555) 

Mortality 7.5% 13.5% 6.4% 13.7% 9.6% 14.7% 14.1% 18.5% 

MACCE* 9.2% 16.5% 9.1% 15.8% 11.8% 16.3% 16.6% 21.7% 

Bleeding 11.8% 22.0% 11.1% 17.1% 32.5% 21.9% 15.6% 19.8% 

Stroke 1.6% 3.5% 2.3% 2.4% 2.2% 1.9% 2.8% 4.3% 

Met: metastases; *composite of all-cause mortality, cardiac complications and stroke 

 

Supplemental Table 12. Odds ratios (OR) and 95% confidence intervals (CI) of adverse 

events in most prevalent cancer groups stratified by metastasis status* 

Outcome/Group 
Prostate  Breast cancer  Colon cancer Lung Cancer  

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Mortality     

No metastases 1.02 (0.96,1.08) 0.92 (0.82,1.02) 1.32 (1.19,1.47) 2.26 (2.16,2.36) 

Metastases 1.87 (1.71,2.03) 2.24 (1.99,2.53) 2.31 (2.07,2.58) 3.56 (3.39,3.74) 

MACCE**     

No metastases 1.00 (0.95,1.05) 0.98 (0.90,1.08) 1.26 (1.15,1.37) 2.02 (1.95,2.10) 

Metastases 1.87 (1.73,2.02) 1.77 (1.58,1.98) 1.89 (1.71,2.10) 3.04 (2.91,3.19) 

Bleeding     

No metastases 1.23 (1.18,1.29) 1.07 (0.99,1.17) 3.15 (2.95,3.37) 1.75 (1.68,1.81) 

Metastases 2.31 (2.16,2.47) 1.82 (1.64,2.02) 2.26 (2.06,2.48) 2.58 (2.46,2.70) 

Stroke     

No metastases 0.86 (0.77,0.95) 1.08 (0.92,1.28) 1.12 (0.94,1.33) 1.58 (1.46,1.71) 

Metastases 1.85 (1.60,2.15) 1.02 (0.80,1.30) 0.93 (0.71,1.20) 2.46 (2.26,2.68) 
*Reference is no cancer diagnosis for each outcome, **composite of all-cause mortality, cardiac 

complications and stroke; adjusted for: age, gender, elective admission, weekend admission, median 

household income, primary expected payer, STEMI status, smoking history, Elixhauser comorbidities, use 

of an assist device or intra-aortic balloon pump, PCI, CABG, coronary angiography and previous MI, CABG, 

PCI or stroke, and year of hospitalization.  
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