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Abstract

Objective: To characterize the contemporary efficacy and utilization patterns of coronary artery
bypass grafting (CABG) in specific cancer types.

Methods: We leveraged the data from the National-Inpatient-Sample and plotted trends of
utilization and outcomes of isolated CABG (with no other additional surgeries during the same
hospitalization) procedures from January 1, 2003 through September 1, 2015. Propensity-score
matching was used to assess for potential differences in outcomes, by type of cancer-status, among
contemporary (2012-2015) patients.

Results: Overall, the utilization of CABG decreased over time (250,677 in 2003 vs. 134,534 in
2015, ~<.001). However, the proportion of those with comorbid cancer increased (7% vs. 12.6%,
FP<.001). Over time, in-hospital mortality associated with CABG use in cancer remained
unchanged (.9% v. 1.0%, P=72); yet, cancer patients saw an increase in associated major bleeding
(4.5% v. 15.3%, P<.001) and rate of stroke (.9% v. 1.5%, ~<.001) over time. In-hospital cost-of-
care associated with CABG-use in cancer also increased over time ($29,963 v. $33,636, ~<.001).
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When stratified by cancer types, in-hospital mortality was not higher in breast lung, prostate, colon
cancer and lymphoma vs. non-cancer CABG patients (all £>.05). However, there was a
significantly higher prevalence of major bleeding but not stroke in patients with breast and prostate
cancer only compared to non-cancer CABG patients (P<.01). Discharge dispositions were not
found to be different between cancer sub-groups and non-cancer patients (~>.05;) except breast
cancer patients who had lower home, but higher skilled care disposition (A<.001).

Conclusion: Among those undergoing CABG, the prevalence of co-morbid cancer has steadily
risen. Outside of major bleeding, these patients appear to share similar outcomes to those without
cancer indicating that CABG utilization should be not be declined in cancer patients when
otherwise indicated. Further research into the factors underlying the decision to pursue CABG in
specific cancer sub-groups are needed.
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Introduction:

Coronary artery disease (CAD) remains the leading cause of cardiovascular disease (CVD)
death, accounting for nearly 50% of CVD deaths®. However, recent data has suggested a
significant shift in the representation of those with CAD, with a higher prevalence of
patients with a concurrent cancer diagnosis, a condition for which a new generation of novel
immune-based and targeted therapies have altered and dramatically prolonged life-
expectancies. Despite these improved outcomes, cancer patients face nearly twice the risk of
CAD, including acute coronary syndromes, within months of a cancer diagnosis2. This
increased risk is even more compounded by recent advances in cancer treating therapies,
including radiation treatment which have dramatically prolonged life-expectancies in cancer,
but are often associated with an increased CVD riskl. Many of these patients present with
increasingly complex CAD and challenging clinical scenarios. Although available data
suggest a potential uptake in the use of percutaneous coronary interventions (PCI) in this
population, the proportional use of coronary artery bypass graft (CABG) remains largely
unknown?,

Available evidence suggests cancer patients undergoing PCI have increased complications,
such as in-hospital mortality and bleeding. This has been largely attributed to the adverse
CVD effects of contemporary anti-cancer therapies, as well as alterations in coagulation
profile seen in cancer3: 4. However, there are limited data on clinical outcomes after CABG
in patients with a coexistent diagnosis of cancer. Additionally, most randomized controlled
trials of CVD care and outcomes exclude patients with active malignancy and treatment.
Moreover, there is even more sparse data on clinical outcomes after CABG in specific
cancer types, or the presence of metastases.

In this analysis, we examine temporal trends, in-hospital outcomes, complications and
dispositions associated with CABG use by type of cancer diagnosis and presence of
metastases between 2003-2015.
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Data Source:

The National Inpatient Sample (NIS) is an inpatient database in the United States (US)3
developed by the Agency for Healthcare Research and Quality (AHRQ). In the present
study, we used NIS data from January 1, 2003 through September 30, 2015. The details of
the dataset are mentioned in the Supplemental Methods.

Study Population and Variables:

Outcomes:

We used /CD-9-CM codes to identify all hospitalized adults (=18 years), who had a
procedure code of (PR1-PR15 of NIS) of CABG (36.1x). The discharge diagnoses and
procedures were recoded using the clinical classification of diseases software (CCS) into
broad categories, available as separate variables within the NIS data set. We used the CCS
coded discharge diagnoses to further define our initial cohort, where we identified CABG
exclusively using the code 44 (PRCCS1-15 only). Since this study studied isolated CABG,
concomitant other major vascular or valvular surgeries were excluded (excluded ICD-9
procedure codes 00.66, 36.01, 36.02, 36.05, 36.03, 36.04, 34.06, 34.07 and CCS codes 43,
45, 49, 63, 51, 52, 55, 56). In this constructed cohort, we then identified cancer patients
using DXCCS codes (DXCCSI1-DXCCS30) 11-45. NIS provides 29 co-morbidities (also
known as Elixhauser’s Comorbidity measures) based on /CD-9 CM diagnoses, and the
diagnosis-related group in effect on the date of discharge. These co-morbidities are not
directly related to the principal diagnosis or the main reason for admission, and are likely to
have originated before the hospital stay8. Hospitalizations with the co-morbidities of cancer
(CM_TUMOR, CM_LYMPH and CM_METS), were included in the cancer cohort. All
patients who did not have either the DXCCS codes listed above, or the listed specific co-
morbidities, were considered non-cancer patients’.

NIS variables included in the study were demographic characteristics (age, sex, race),
income quartile, insurance status, number of bypass grafts used during CABG, hospital level
characteristics, and co-morbidities. In 2015, the Healthcare Cost and Utilization Project
(HCUP) State Inpatient Database was used to create an index based on 29 co-morbidity
measures designed to predict in-hospital mortality®, which was calculated for our cohort as
well.

NIS provided data on specific outcomes of interest, including hospitalization charges, length
of stay (L0S), in-hospital mortality and discharge disposition. Actual cost of hospitalization
was obtained using methodology described in a prior manuscript’. Charges and costs were
inflation-adjusted to 2015°. In addition, outcomes of major bleeding, ischemic stroke,
pulmonary complications, and cardiac complications defined using ICD-9 CM diagnosis or
procedure codes were also studied. The procedure codes associated with the complications
were confirmed to be on the day of CABG or after. However, the pure /CD-9 CM diagnosis
code-based outcomes were assumed to be not present preceding the CABG or present on
arrival as alternate diagnosis. All ICD-9 CM codes, CCS codes and comorbidity codes used
in defining the cohort, comorbidities and outcomes are listed in Supplemental Table 1.
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Statistical Analysis:

Annual variance analysis for NIS datasets was performed using the DOMAIN method for all
years!0. We followed the recommendations from AHRQ for analysis using survey datall.
Survey-specific statements with hospital and patient-level weights were used to obtain
national estimates. The Rao-Scott Chi-Square test was used to compare categorical
variables, and a survey specific t-test was used for continuous variables. We used the
Cochrane Armitage test of trend for categorical variables and survey-specific linear
regression for continuous variables. Hospital charges and LoS were log-transformed because
they were not normally distributed, and geometric mean was presented!?: 13,

Modeling for outcomes were performed using a propensity score matched design wherein 1
cancer hospitalization for CABG was matched with 2 non-cancer hospitalizations for CABG
(1:2 match). The propensity score is a number which represents the relationship between
multiple characteristics and the dependent variable as a single characteristicl4. First, non-
parsimonious logistic regression model with cancer as the dependent variable was performed
using aforementioned variables to generate propensity scores. The models were screened for
missingness of greater than 20%. It was determined that there was no requirement for
multiple imputation since missingness was < 5%, NIS weights were used in the propensity
estimation model4. Next, the propensity score is used to generate the 1-to-2 cancer-to-non-
cancer matched dataset using Parson’s digit-based greedy matching®. This algorithm
matches a case to control at the 8th, 7th, 6th ... decimal point, using a greedy matching
algorithm. Multiple matched datasets were used for analysis: 1) first model included all the
years from 2003 to 2015 for cancer and non-cancer and was used for trends analysis of
outcomes, 2) another contemporary model was made to account for time bias wherein
cancer and non-cancer cohorts were used from 2012-2015, and 3) five matched datasets
similar to one in (2) were created for breast cancer, lung cancer, colon cancer, prostate
cancer and lymphoma where each of these cancers were matched to 2 non-cancer controls
undergoing CABG. The specific details of the model, reason for model selection and its
performance was presented in Supplemental Methods and Supplemental Table 2. Propensity
matched trends using the first specified model was used to study in-hospital mortality,
stroke, major bleeding and cost-of-care trends across all year. Specific outcomes in those
undergoing CABG across individual cancers, all cancers in comparison with non-cancer is
presented using the propensity matched models specified in points (2) and (3) above
(Supplemental Figure 1).

Certain subgroup analysis, namely those undergoing radiation therapy and those with
metastatic cancer, were felt to be a higher risk category. The outcomes in these categories
were compared to cancer patients without these diagnoses using Survey-specific logistic and
linear regression techniques (PROC SURVEYLOGISTIC and PROC SURVEYREG). The
outcomes were adjusted for age, sex, race, income quartile, insurance status, number of
Elixhauser’s co-morbidity, hospital bed size, hospital location, discharge weight and
baseline comorbidities of atrial fibrillation, hypertension, chronic renal disease, anemia as
well as coagulopathy. Finally, a sensitivity analysis was performed using subgroups of
model (2) who survived the hospitalization.
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All analyses were performed using SAS software, version 9.4 (SAS Institute Inc., Cary,
North Carolina) and the description of methodology is presented in graphical form in
Supplemental Figure 1A.

A total of 2,126,331 patients with CABG admissions were identified between 2003-2015
from NIS. Of these, 183,185 (8.6%) were found to have co-morbid cancer and 14,266
(.67%) had metastatic cancer. Baseline demographics, comorbidities, surgical characteristics
and hospital level details of those undergoing CABG from 2012-2015 in specific types
compared to the non-cancer cohort are shown in Table 1. It is noted that cancer patients
undergoing CABG are older, predominantly white, are more likely to have Medicare as their
primary insurance and had higher Elixhauser’s mortality score (all 7<.001). Four vessel
revascularization prevalence for breast (8%) and lung cancer (6%) was lower compared to
non-cancer (10.5%; both A<.001). This trend was not seen in those with prostate cancer,
colon cancer and lymphoma. (Table 1).

Overall, CABG use in the US fell over time 250,677 in 2003 vs. 134,534 in 2015, /<.001;
Figure 1). However, over the same period, the percentage/proportion of cancer patients
undergoing CABG use increased over time (7% in 2003 to 12.6% in 2015, ~<.001; Figure
1). The cancer sub-groups comprised of prostate cancer (30%) followed by breast cancer
(10%), colon cancer (8%) and lymphoma (6%) (Supplemental Figure 1B). On stratification
by cancer types, there was an absolute reduction in CABG use among breast, lung, colon,
prostate and lymphoma patients over time (Supplemental Figure, 2A-E). Yet, among cancer
patients, no change in the relative proportion of CABG use was seen when stratified by
presence of metastases (P=.12; Supplemental Figure 2F).

Propensity matched trends in complications, outcomes, and disposition associated with
CABG use in cancer vs. non-cancer (2003-2015)

Over time (2003-2015) we saw a decreasing trend of in-hospital mortality associated with
CABG use in non-cancer (A<.001) which was not seen in the cancer population (P=.72;
Figure 2); however, we saw an increasing trend in associated major bleeding trend in both
cancer and non-cancer (£<.001 for both; Figure 3). Additionally, we also saw an increasing
trend in stroke associated with CABG use in both cancer and non-cancer (/£<.001 for both;
Supplemental Figure 3A). Furthermore, consistent with increasing CABG use in cancer, we
also observed an increasing trend in in-hospital cost of care associated with CABG use
(P<.001) for both cancer and non-cancer, Supplemental Figure 3B).

Complications, outcomes, and disposition associated with CABG use in cancer types vs.
non-cancer (propensity matched, 2012—-2015)

Outcomes, complications as well as dispositions associated with cancer types are shown in
Table 2, 3 and Supplemental Table 3. While in-hospital mortality was comparable in breast
lung, colon cancer and lymphoma vs. non-cancer CABG patients (all 2>.05), however
prostate cancer patients undergoing CABG had lower in-hospital mortality compared to non-
cancer CABG patients (P=.01). Moreover, there was a significantly higher prevalence of

Mayo Clin Proc. Author manuscript; available in PMC 2021 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Guhaetal.

Page 6

major bleeding in patients with breast and prostate cancer vs. non-cancer CABG patients
(P<.01) but not in lung, colon cancer and lymphoma vs. non-cancer CABG patients (~>.05).
In addition, CABG in breast cancer and lymphoma was associated with similar rates of
stroke, pulmonary/cardiac complications, LoS, as well as total hospital costs (#>.05)
compared to their counterparts. Additionally, in a sensitivity analyses we compared the
analysis of length of stay and cost of care among those propensity matched for cancer vs
non-cancer including only those hospitalizations that did not suffer in-hospital mortality and
found consistent results.

Further, lung cancer had higher associated total hospital costs (P=.04). It was noted that
colon cancer had lower rates of stroke, pulmonary complications and LoS (~<.05)and
prostate cancer had a lower total hospital costs (£<.001). Finally, discharge dispositions
were not found to be different between cancer types and non-cancer patients (P>.05;) except
breast cancer patients who had lower home, but higher skilled care disposition compared to
their counterparts (A<.001).

Additionally, we also observed comparable in-hospital mortality and higher prevalence of
major bleeding in metastatic cancer than non-metastatic cancer (Supplemental Table 4).
Finally, while in-hospital outcomes and discharge disposition were not associated with
previous radiotherapy use, there was a significantly higher total hospital costs, but lower
length of stay associated with previous radiotherapy use in CABG patients (Supplemental
Table 4).

Discussion:

In this large contemporary population-based analysis, we found that even though the overall
number of annual CABG procedures has decreased over time, the concurrent relative
proportion of those with co-morbid cancer has increased. Among patients undergoing
CABG with co-morbid cancer, in-hospital mortality did not change over time. However, the
proportion of these patients with complicating major bleeding, or ischemic stroke increased
over time. Similarly, the cost-of-care in those with co-morbid cancer undergoing CABG
trended up as well. Moreover, cancer patients saw no elevated risk associated with CABG
use compared to non-cancer patients except breast and prostate cancer that had higher
prevalence of major bleeding associated with CABG use. These findings suggest that among
select patients; utilization of CABG may still be efficacious even in the presence of a cancer
diagnosis.

The reduction in number of CABG patients observed over time in our study could be
reflective of the increased use of PCI procedures in cancer. In fact, a prior paper
demonstrated that between 2004 and 2014, there was a modest increase in the number of
PCI procedures performed in patients with cancer over time#. The prognostic impacts of
cancer on PCI outcomes have been previously described!’: 18, A recent study demonstrated
that patients with cancer undergoing PCI in the US have worse short-term clinical outcomes
compared to non-cancer patientsl: 4. Importantly, cancer patients undergoing PCI are known
to be at elevated risk for potential peri-procedural or in-hospital adverse events, such as
increased in-hospital mortality and bleeding. This is only compounded by the potential off-
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target adverse CVD effects of many contemporary anti-cancer therapies, as well as
alterations in coagulation profile seen in cancer3: 4. Finally, given the increasing incidence of
complex CAD in the setting of cancer, efficacious revascularization strategies to optimize
outcomes, particularly in those not eligible for PCI, are needed?.

An alternate revascularization strategy less explored in cancer is CABG®. Cancer patients
with complex CAD, as well as those with contraindications for PCI, such as patients not able
to tolerate dual anti-platelet therapy, often warrant potential CABG for revascularization®.
Additionally, among patients opting for CABG29-23, improved mortality has been reported
during the past few years24 25, Our study demonstrated comparable mortality, complication
and disposition rates between cancer and non-cancer patients; however, breast and prostate
cancer had higher prevalence of major bleeding compared to non-cancer patients following
CABG. Our findings are in line with past studies that have shown an increase in the rate of
post-operative bleeding associated with CABG use over time26. This may have been due to
introduction of newer anti-coagulation and anti-fibrinolytic drugs over recent years, which
may mitigate ischemic risk but increases risk of bleeding in certain cancers® 27. Second,
breast and prostate cancers may represent patients with very advanced cancer stage and thus
have higher bleeding risk associated with CABG compared with other cancer types. Finally,
the use of anti-cancer therapy specific to breast and prostate cancer such as selective
estrogen receptor modulator and androgen deprivation therapy respectively may in part
explain the higher bleeding risk associated with breast and prostate cancers®: 27,

The in-hospital outcomes, complications and dispositions not being different between
majority of cancer types and non-cancer, further suggests of selective efficacy among this
population. Different cancer types represent completely different risk profiles and thus more
data are required to test the impact of selective interventions by cancer types. However,
surgical revascularization may remain a strong option in those with complex CAD and
cancer. Our findings will help move towards personalized treatment by accurately risk
stratifying different cancer types and accordingly selecting the best form of
revascularization. These findings have important implications for the practicing surgeon
since these findings will enhance his decision process behind type of revascularization to be
used appropriately in this growing population.

Several limitations of this study warrant consideration. Because of reliance on ICD-9-CM
codes, we could not determine previous cancer diagnosis (active or historical) or the
duration of a cancer diagnosis or CABG use. Unfortunately, NIS data being an
administrative dataset does not allow for precise staging of cancer beyond the presence of
advanced or metastatic disease, nor is there provision for timing or type of anti-cancer
therapy (i.e. radiation vs. chemotherapy vs. recent cancer surgery), or code status. Prior use
of radiotherapy, although coded in NIS may be underreported and thus results should be
interpreted as such. Although we used a matched propensity score design to account for
indication bias, important unmeasured clinical characteristics that may be predictors of
outcomes were not available, and therefore these findings may be subject to confounding.
Notably, given the datasets used, this study represents associations with no mechanistic data
included to imply causal relationships. We could not capture code status and the impact of
patient-physician discussion of prognosis and shared decision making. In addition, due to
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the administrative nature of data, we were unable to distinguish co-morbidities from
complications of hospitalization. Moreover, as the NIS is a deidentified database, long-term
outcomes and complications occurring after the initial CABG hospitalization could not be
assessed. Furthermore, it is also not possible to follow-up patients in NIS dataset thus
precluding us from performing any survival analyses. Finally, despite the performance of
extensive analyses and the overall comprehensive nature of the NIS dataset employed, the
precise factors underlying post-operative bleeding, such as use of active or recent treatments
(i.e. surgery, anti-coagulant therapies, etc.) could not be determined and require prospective
validation.

Conclusion:

In summary, despite general declines in the number of annual CABG procedures, the
proportional representation of those with cancer has increased over time. The presence of
specific types of cancer does not appear to associate with increased mortality or limiting
complications, except higher bleeding risk for breast and prostate cancer, even after
accounting for comorbid disease burden. Given the prevalence of complex coronary disease,
and the potential challenges of prolonged anticoagulation in the presence of cancer,
consistent consideration of the efficacy of CABG is warranted depending on cancer type,
thus helping the surgeon chose the best form of revascularization procedure. Moreover,
further research into the factors underlying the decision to pursue CABG in cancer patients,
the impact of patient-physician perceptions of cancer prognosis, and the factors associated
with survival after CABG among those with cancer are needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Coronary artery bypass graft use and cancer
Overall, coronary artery bypass graft use in the United States fell over time (250,677 in 2003

vs. 134,534 in 2015, A<.001; first Y axis). However, over the same period, the percentage of
cancer patients undergoing coronary artery bypass graft use increased over time (7% in 2003
t0 12.6% in 2015, A<.001; second Y axis).
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Figure 2: Propensity matched in-hospital mortality trends and coronary artery bypass graft use
in cancer and non-cancer

Trends in in-hospital mortality per 100 coronary artery bypass graft utilizations in cancer
and non-cancer patients from 2003-2015. (P-trends = .72 for cancer and <.001 for non-
cancer).
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Figure 3: Propensity matched in-hospital major bleeding trends and coronary artery bypass
graft use in cancer and non-cancer

Trends in in-hospital bleeding per 100 coronary artery bypass graft utilizations in cancer and
non-cancer patients from 2003-2015. (~£<.001 for both trends).
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Table 1:

Page 14

CABG demographics (patient level, financial and hospital level) from 2012-2015 in cancer vs. hon-cancer

patients.
Variable Breast Cancer Lung Cancer Colon Cancer (n Prostate Cancer Lymphoma (n = Non-
(n=5,000) & (n=2,420) @ =4,125) 2 (n = 15,500) & 3,390) & gir“,fzr
410)
Patient
Characteristics
Age, years (mean+ | 70.7+0.3 | <.001 | 69.6+0.4 | <001 | 70.5+0.3 | <.00 | 72.4+0.1 | <.00 | 64.9+0.5 | <.00 | 63.5+.1
SE) 1 1 1
=65 78.9 <.001 75.6 <.001 775 <.00 86.9 <.00 60.5 <.00 51.1
years (%) 1 1 1
Women, % 97.3 <.001 30.0 .03 255 .94 235 19 25.6
Race, % .0004 <.001 .008 <.00 <.00
1 1
White 80.3 87.4 83.2 83.1 86.3 779
Black 9.7 6.1 6.1 7.3 5.2 7.5
Hispanic 5.0 2.8 5.0 45 4.4 7.4
Asian or 1.6 15 3.1 2.0 11 3.0
Pacific Islander
Native 0.3 0.9 4 0.3 0.2 .6
American
Other 31 13 2.3 2.8 3.0 3.7
Income quartiles .64 .08 .02 <.00 <.00
1 1
0-25 28.3 25.0 29.8 252 215 295
26-50 26.7 321 24.4 249 28.8 276
51-75 255 24.2 231 26.0 25.8 242
76-100 19.5 18.7 22.7 239 239 18.7
Payment source <.001 <.001 <.00 <.00 <.00
(%) 1 1 1
Medicare 735 723 729 713 58.7 50.6
Medicaid 51 5.0 29 11 3.9 7.5
Private 19.2 19.0 211 18.7 34.0 34.3
Self-Pay 11 1.0 12 0.7 18 4.2
No Charge 0.1 0 0.4 0.1 0.2 5
Others 1.0 2.7 16 2.1 15 2.9
Comorbidities (%)
Traditional
Cardiovascular
5.2 .07 4.1 .93 51 13 3.4 .06 8.3 <.00 4.1
Cardiomyopathy 1
Prior 13.4 02 19.8 03 18.8 .04 16.7 49 14.8 .33 16.2
Myocardial
Infarction
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Variable Breast Cancer Lung Cancer Colon Cancer (n Prostate Cancer Lymphoma (n = Non-
(n=5,000) & (n=2,420) @ =4,125) 2 (n = 15,500) 2 3,390) & gir“,fzr
410)
Prior 16.9 .67 14.9 14 175 .98 17.9 46 18.6 43 174
Percutaneous
Coronary
Intervention
Prior 15 .95 14 .96 18 41 1.2 .25 13 .75 15
Coronary Bypass
Grafting
Peripheral 16.0 24 27.7 <.001 15.8 40 15.1 54 12.7 .15 14.7
Vascular Disease
Prior TIA/ 8.6 .30 11.0 .008 8.9 24 8.3 .26 6.6 .29 7.7
Stroke
Atrial 29.3 .009 33.7 <.001 34.1 <.00 36.4 <.00 28.6 .08 25.6
Fibrillation 1 1
88.3 .001 835 .56 85.7 32 86.5 .002 74.8 <.00 84.4
Hypertension 1
Diabetes 58.9 .03 453 <.001 57.7 .20 48.9 <.00 51.8 .05 55.5
1
Obesity 25.0 .53 15.1 <.001 235 12 17.9 <.00 22.4 .04 25.9
1
79.7 .18 73.4 .02 74.4 .02 82.1 <.00 73.9 .01 78.0
Dyslipidemia 1
Non-Traditional
Anemia 19.5 13 223 .008 25.2 <.00 18.7 14 18.0 .84 17.7
1
Arthritis 33 .005 25 48 2.7 .20 1.7 14 31 .05 2.0
and Collagen
Vascular disease
Chronic 13.8 .29 17.8 .09 18.6 .005 18.9 <.00 21.4 <.00 15.0
renal disease 1 1
Chronic 24.0 .09 57.0 <.001 195 12 18.2 <.00 15.6 <.00 218
lung disease 1 1
Coagulation 15.7 .85 17.2 46 17.6 20 18.7 <.00 26.3 <.00 15.9
disorder 1 1
Smoker 38.2 <.001 66.3 <.001 44.1 .33 46.2 72 37.2 <.00 45.8
1
Total Elixhauser’s <.001 <.001 <.00 .008 <.00
comorbidities 1 1
0 1.2 15 2.1 2.7 2.1 3.2
1 7.2 7.2 11.0 13.8 8.6 14.3
2 215 16.5 17.8 259 16.5 235
>3 70.1 74.8 69.1 57.7 72.9 59.0
Elixhauser’s 5.5+.3 <.001 9.8+0.5 <.001 6.0+0.3 <.00 6.1+0.2 <.00 | 10.1+04 | <.00 41+.1
mortality score 1 1 1
(mean + SE)
Surgical Details
K
One vessel 18.9 12 234 .0003 18.6 26 15.0 .003 15.9 42 173
bypass
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Variable Breast Cancer Lung Cancer Colon Cancer (n Prostate Cancer Lymphoma (n = Non-
(n=5,000) & (n=2,420) @ =4,125) 2 (n = 15,500) 2 3,390) & gir“,fzr
410)
Two vessel 40.0 .08 42.2 .03 39.9 12 39.0 .04 40.3 .10 39.3
bypass
Three vessel 26.8 12 22.7 .002 26.3 08 29.7 48 285 71 28.0
bypass
Four vessel 8.0 .0001 6.0 <.001 10.2 12 115 .53 10.6 28 105
bypass
One internal 84.3 <.001 82.0 <.001 89.9 .16 89.4 .09 88.9 .60 88.4
mammary artery
use
Two internal 25 .0007 25 .02 34 .07 3.2 .002 3.1 .05 35
mammary artery
use
Teaching hospital 70.4 13 69.4 54 67.8 82 68.5 72 70.8 14 68.1
(%)
Bed size, (%) .66 17 .70 .007 .32
Small 8.6 6.8 8.5 8.0 7.5 9.2
Medium 22.9 22.9 23.2 223 235 238
Large 68.5 70.3 68.4 69.7 69.0 67.1
Region (%) .003 22 .005 <.00 .02
1
Northeast 19.9 16.1 18.1 18.8 19.9 15.8
Midwest 233 24.8 26.6 237 235 228
South 42.0 46.9 40.5 41.0 417 45.9
West 14.8 12.2 149 16.5 14.9 155

a . . S .
P-values presented in column next to the values for each cancer is versus non-cancer, the values of which is presented in last column

bthese don’t add up to 100% but representative of % of total number of CABG in each group. If a surgery had one vessel bypass with only internal
mammary artery it will be counted twice.
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Table 2:

Propensity matched (1 cancer: 2 non-cancer, model 2) in-hospital and disposition outcome of those
undergoing CABG from the years 2012- September 2015 in breast cancer and lung cancer. The propensity
matching was done on variables of age, gender, race, income quartiles, insurance, total Elixhauser’s
comorbidities, hospital size and geographic region, discharge weight and comorbidities of atrial fibrillation,
hypertension, diabetes, anemia, chronic renal disease and coagulation disorder. C-statistic for propensity fit
was 0.7 for both cohort’s indicative of good match. In breast cancer gender was not used for matching since

>99.7% cases were female.

Page 17

Variable Breast Cancer Matched Non- P-value Lung Cancer Matched Non- P-value
(n =5,000) Cancer (n = (n=2,295) Cancer (n =
10,000) 4,600)
In-Hospital Outcomes (%)
In-hospital mortality 13 .9 31 13 1.3 >.99
Major bleeding 20.6 139 <.001 16.5 13.8 19
Ischemic Stroke 2.6 23 .56 2.0 14 43
Pulmonary complications 9.5 9.1 .69 11.8 9.2 14
Cardiac complications 9.1 10.3 31 111 11.6 77
_ Length of stay (median + 7.5+.1 7.2+1 994 7.2+.2 7.3+1 494
confidence interval, days)
) Total hqspital costs 34,219+699 33,713+467 242 34,483+697 32,163+721 04
(median % confidence interval, US
Ok
Disposition (%) <.001 47
Home 30.0 37.1 333 37.0
Short term hospital 4 7 13 .8
Skilled care facility 33.7 26.3 26.8 25.6
Home health care 35.9 35.9 38.6 36.6

a . - .
Log transformed means were compared using Survey specific linear regression due to skewed nature of data

Using HCUP cost-to-charge, wage index adjustment along with inflation adjustment
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Table 3:

Propensity matched (1 cancer: 2 non-cancer, model 2) in-hospital and disposition outcome of those
undergoing CABG from the years 2012- September 2015 in colon cancer, and prostate cancer. The propensity
matching was done on variables of age, gender, race, income quartiles, insurance, total Elixhauser’s
comorbidities, hospital size and geographic region, discharge weight and comorbidities of atrial fibrillation,
hypertension, diabetes, anemia, chronic renal disease and coagulation disorder. C-statistic for propensity fit
was 0.7 indicative of good match. For prostate cancer gender was not used since all patient with prostate

cancer were male.

Page 18

Variable Colon Cancer (n Matched Non- P-value | Prostate Cancer Matched Non- P-value
=3,930) Cancer (n= (n=14,335) Cancer (n =
7,865) 28,675)
In-Hospital Outcomes (%)
In-hospital mortality .6 1.2 19 3.9 9 .01
Major bleeding 15.9 12.9 .053 14.8 14.2 45
Ischemic Stroke 15 2.6 .08 11 2.0 .003
Pulmonary complications 7.0 10.2 .01 7.7 9.9 .001
Cardiac complications 11.6 12.1 .69 12.0 124 .58
confiderll-g:?rtl?e(r)\f/:;t,agaglnsﬂl)wIan + 6.8+.1 7.2+1 <0017 6.8+.1 7.1+1 <0012
) Total hqspital costs 33,014+637 32,793+501 63% 33,380+378 34,099+312 <001 4
(median % confidence interval, US
Ok
Disposition (%) .50 .25
Home 35.9 355 37.0 375
Short term hospital 1.2 .6 4 .8
Skilled care facility 26.0 25.2 23.4 23.9
Home health care 36.9 38.7 39.2 37.8

a . - .
Log transformed means were compared using Survey specific linear regression due to skewed nature of data

Using HCUP cost-to-charge, wage index adjustment along with inflation adjustment
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