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Abstract

Background: Healthcare spending for coronary artery disease (CAD)-related services is higher
than for other chronic conditions. Diagnosis of incident cancer may impede management of CAD,
thereby increasing the risk of CAD-related complications and associated healthcare expenditures.
This study examined the relationship between incident cancer and CAD-related expenditures
among elderly Medicare beneficiaries.

Patients and Methods: A retrospective longitudinal study was conducted using the SEER-
Medicare linked registries and a 5% noncancer random sample of Medicare beneficiaries. Elderly
fee-for-service Medicare beneficiaries with preexisting CAD and with incident breast, colorectal,
or prostate cancer (N=12,095) or no cancer (N=34,237) were included. CAD-related healthcare
expenditures comprised Medicare payments for inpatient, home healthcare, and outpatient
services. Expenditures were measured every 120 days during the 1-year preindex and 1-year
postindex periods. Adjusted relationship between incident cancer and expenditures was analyzed
using the generalized linear mixed models.

Results: Overall, CAD-related mean healthcare expenditures in the preindex period accounted
for approximately 32.6% to 39.5% of total expenditures among women and 41.5% to 46.8%
among men. All incident cancer groups had significantly higher CAD-related expenditures
compared with noncancer groups (A<.0001). Men and women with colorectal cancer (CRC) had
166% and 153% higher expenditures, respectively, compared with their noncancer counterparts.
Furthermore, men and women with CRC had 57% and 55% higher expenditures compared with
those with prostate or breast cancer, respectively.
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Conclusions: CAD-related expenditures were higher for elderly Medicare beneficiaries with
incident cancer, specifically for those with CRC. This warrants the need for effective programs and
policies to reduce CAD-related expenditures. Close monitoring of patients with a cancer diagnosis
and preexisting CAD may prevent CAD-related events and expenditures.

Background

Cardiovascular disease, including coronary artery disease (CAD) and cerebrovascular
disease, has the highest healthcare expenditures (~$231.1 billion in 2013).1 Healthcare
spending for CAD-related services is higher than that for other chronic conditions.2=*
Furthermore, CAD-related healthcare expenditures in the United States are projected to
increase 198% by 2030 because of the aging population.?

Evidence also suggests that individuals with CAD have many preexisting conditions or may
develop new conditions. The most common preexisting or existing conditions in patients
with CAD include cancer, hyper-tension, diabetes, and other cardiovascular diseases.® For
these individuals, CAD-related expenditures can be higher than for those who only have
CAD.*8 Specifically, CAD-related expenditures may be higher among individuals with
incident cancer (and CAD) during the period immediately after cancer diagnosis, because
cardiotoxicity from specific cancer treatments can exacerbate preexisting CAD,”:8 and
diagnosis of incident cancer may impede management of CAD, thereby increasing the risk
of CAD-related complications, given that cancer is considered a dominant condition.®

However, there is a dearth of studies on the impact of incident cancer diagnosis on CAD-
related expenditures. It is important to analyze CAD-related expenditures among Medicare
beneficiaries because there are significant differences in healthcare expenditures directly
attributed to CAD and total expenditures associated with CAD.2 Specifically, published
studies suggest that inpatient spending accounts for nearly 43% of total expenditures for
cardiovascular diseases.10 Furthermore, CAD-related expenditures may be higher among
elderly individuals (aged =65 years) as a result of comorbidities related to aging. For
example, Dieleman et al® reported that 65.2% of expenditures for CAD and related diseases
were for elderly individuals, suggesting that these individuals account for most of the
expenditures associated with CAD care. Because nearly 84% of elderly patients are covered
by Medicare,1 payments made by Medicare for CAD are substantial, suggesting that it is
important to estimate Medicare payments for CAD care. In 2012, Medicare paid $273
billion for heart disease—related expenditures, with a per-person cost of $10,345.12

Estimating the extent to which incident cancer affects CAD-related expenditures can help
payers with emerging healthcare delivery reform initiatives. These initiatives are focused on
financial incentives to improve healthcare quality with lower expenditures. For example,
new payment models from the Centers for Medicare & Medicaid Services (CMS) support
bundled payments for episodes of care. One experimental initiative will support bundled
payments for clinicians providing care to patients with CAD.13 Such models have the
potential to be extended to individuals who develop cancer after CAD. For example, the
Medicare Access and CHIP Reauthorization Act of 2015 (MACRA) created alternative
payment models,3 providing value-based care and penalties for poor quality of care. These
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models require risk adjustment for patients,14-16 and therefore identifying those at risk for
high cost is important.

The present study examined the impact of incident cancer on CAD-related expenditures
using data from a cohort of elderly fee-for-service (FFS) Medicare beneficiaries with and
without cancer. The cancer cohort consisted of elderly patients with incident breast,
colorectal, or prostate cancer. These cancers were selected because they have a higher
prevalence among the elderly population,1” and preexisting CAD is highly prevalent in this
population diagnosed with these cancers,18-23

Patients and Methods

Conceptual Framework

The conceptual framework of this study was adapted based on Andersen’s Behavioral Model
of Health Service Use for understanding CAD-related healthcare expenditures and a priori
selection of independent variables.?42% This model posits that an individual’s predisposing,
enabling, and need factors; personal health practices; healthcare use; and external
environment may influence healthcare expenditures.26

Study Design

A retrospective observational longitudinal cohort design with 12-month preindex and
postindex periods was used. Index date was defined as the date of incident cancer diagnosis
for the cancer cohort and pseudo-diagnosis date for the noncancer cohort. Pseudo-diagnosis
dates were randomly selected from the dates of service. Each individual was observed for 48
months (Figure 1).

Data Sources

Data were derived from claims in the SEER-Medicare linked registries, 5% noncancer
random sample of Medicare beneficiaries in the SEER region (living in the same SEER
areas as those in the cancer registry), American Community Survey (census tract
information),2” and the Area Health Resources Files (county-level healthcare environment
factors).28

Study Population

The study population comprised beneficiaries with preexisting CAD, who were further
categorized into those with incident breast, colorectal, or prostate cancer and those without
cancer. The cancer cohort comprised the total number of incident cases and not the random
sample. CAD was identified using a validated algorithm developed by CMS2° that used
ICD-9-CM codes. Individuals with at least 2 inpatient, outpatient, and carrier claims
(clinician encounters only), or home healthcare agency (HHA) service Medicare claims with
a primary or secondary diagnosis of CAD during the baseline were classified as preexisting
CAD. Incident cancer, defined as new cancer diagnosis during the study period (January
2008 through December 2011), was identified using the ICD-O-3 codes from the SEER
registries.
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Other inclusion criteria were age =68 years, alive with continuous FFS Medicare Parts A and
B enrollment during the entire study period, continuous Part D enroliment during the
preindex and postindex periods, no missing information on county, and total expenditures >
$0 during the preindex and postindex periods. In the cancer cohort, individuals with missing
data on cancer type and stage and those diagnosed postmortem were excluded (Figure 2).

Dependent Variable: CAD-Related Expenditures—CAD-related healthcare and total
expenditures consisted of Medicare payments for inpatient, HHA, and out-patient services
for CAD-related care, measured every 120 days (i, to, t3, ty, t5, and tg). CAD-related
services were identified using ICD-9-CM primary and secondary diagnosis codes for CAD.
30.31 prescription medication and durable medical equipment (DME) expenditures were not
included because of the challenges in identifying CAD-related expenditures in DME and
prescription drug claims. Short-term healthcare expenditures >12 months in the postindex
period were examined. Healthcare expenditures were adjusted by the Consumer Price Index
for medical services3? and expressed in 2012 USD.

Key Independent Variables: Sex and Cancer Type—Because the study included
women with breast cancer and men with prostate cancer, the key time-invariant independent
variable accounted for both sex and cancer type and was categorized into 6 mutually
exclusive groups: women with breast cancer, women with colorectal cancer (CRC), women
with no cancer, men with prostate cancer, men with CRC, and men with no cancer.

Other Independent Variables

Predisposing Factors. Age measured at index month of incident cancer diagnosis and race/
ethnicity were time-invariant independent variables.

Enabling Factors: Medicare Part D coverage gap (measured every 120 days) and census
tract—level education attainment and poverty status (based on income threshold that varied
by family size and composition; measured at baseline).

Need-Based Factors: Physical health conditions were measured at baseline and categorized
into concordant (cardiac arrhythmias, congestive heart failure, diabetes, hyperlipidemia,
hypertension, and stroke) and discordant (dementia, asthma, chronic obstructive pulmonary
disease, arthritis, hepatitis, HIV, and osteoporosis). Mental health conditions included severe
mental illness (schizophrenia, bi-polar disorder, and psychoses; measured at baseline),
anxiety, and depression (measured every 120 days). For CAD severity, a proxy measure,
which was measured at baseline, was constructed based on the CMS hierarchical condition
category (HCC) classification system, in which each of the HCC codes for CAD was
assigned a specific score based on the risk and severity, ranging from 0.231 to 0.349. Higher
scores represented severe manifestations of CAD.33

Per sonal Healthcare Practices: Tobacco and alcohol abuse34:35 were measured every 120
days.
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Healthcare Use: Primary care visits, cardiologist visits, and adherence to statins or
angiotensin converting enzyme inhibitors (ACEls), angiotensin Il receptor blockers (ARBS),
or B-blockers measured every 120 days. Adherence was defined as proportion of days
covered (PDC), calculated among those who filled =2 prescriptions for either statins or any 2
prescriptions of ACEIs/ARBs/b-blockers. Individuals with PDC =80% were considered
adherent and those with PDC <80% were considered non-adherent.36 PDC measure is
recommended by the Pharmacy Quality Alliance3” and used by CMS in its rating of an
insurance plan.38 Adherence was classified into 5 mutually exclusive groups (supplemental
eAppendix 1, available with this article at JNCCN.org).

External Environment Factors: These time-invariant external environment factors were
measured at baseline. This domain included SEER region, county metropolitan status, and
percentage of cardiologists and oncologists in the county. This study also controlled for time
(t1—tg) to better reflect changes associated with time in treatment practices.

Statistical Analyses

Results

Unadjusted subgroup differences in time-invariant characteristics between cancer and
noncancer categories by sex (6 groups) were tested with chi-square statistics. Our
preliminary analyses indicated that there were significant group differences in age, race/
ethnicity, concordant and discordant physical health conditions, mental health conditions,
SEER region, and index year between the categories. Therefore, inverse probability
treatment weights (IPTWs) were derived using the multinomial logistic regression on cancer
and noncancer categories, with sex, age, race/ethnicity, SEER region, and index year as
independent variables; these weights were used when modeling expenditures to adjust for
the differences in these variables between cancer and non-cancer cohorts. The weighting
enabled us to balance the differences among cancer and noncancer cohorts. Supplemental
eAppendix 2 summarizes the findings from the multinomial logistic regression used to
calculate IPTW.

Because CAD-related healthcare expenditures were measured every 120 days during the
preindex and postindex periods, each individual had 6 observations. These observations were
not independent, and therefore the authors used generalized linear mixed models (GLMMSs)
with gamma distribution and log-link to analyze adjusted relationships between cancer and
noncancer groups and CAD-related healthcare expenditures. This is the most commonly
used approach in previous cost analyses.3940 These GLMMs included predisposing,
enabling and need factors, external environmental characteristics, and time.

Characteristics of the Study Cohorts Before and After IPTW Adjustment

The study cohort comprised 46,332 elderly FFS Medicare beneficiaries with preexisting
CAD (12,095 with cancer and 34,237 without cancer). After adjusting with IPTW, no
significant differences were seen in independent variables between cancer diagnoses (Table
1).
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Expenditures for ty, t, and t3 were aggregated to represent the preindex period, and
expenditures for ty4, ts, and tg were aggregated to represent the postindex period (Table 2).
CAD-related expenditures in the postindex period were approximately 3 times higher for
men and women with CRC, 2 times higher for women with breast cancer, and 1.5 times
higher for ment with prostate cancer. The postindex CAD-related expenditures for the
noncancer group, in comparison, were similar to those in the preindex period.

CAD-Related Expenditures Over Time by Cancer and Noncancer Status

When time was included as an adjuster, the time coefficient was positive across all cancer
groups, suggesting that CAD-related expenditures increased over time for all cancer groups
(Figure 3). However, no such differences were observed for noncancer groups.

Adjusted Relationships Between Cancer and CAD-related Healthcare Expenditures

Total CAD-related expenditures are presented in Table 3 and inpatient and outpatient CAD-
related expenditures are presented in Table 4. CAD-related healthcare expenditure
comparisons by cancer status, sex, and cancer type are detailed as follows.

Cancer Versus No Cancer—Patients with breast, colorectal, or prostate cancer had
higher outpatient and total CAD-related expenditures compared with their noncancer
counterparts. Inpatient expenditures were significantly higher for CRC, but not for breast or
prostate cancer, compared with their noncancer counterparts.

Men Versus Women—Women with CRC or no cancer had lower total inpatient,
outpatient, and CAD-related expenditures compared with men with CRC or no cancer,
respectively.

Cancer Type—Both men and women with CRC had higher inpatient and total CAD-
related expenditures compared with men with prostate cancer and women with breast cancer,
respectively.

Relationship Between Other Independent Variables and Expenditures

Factors associated with significantly increased expenditures included age >80 years,
concordant and discordant physical health conditions, mental health conditions, higher CAD
severity, tobacco use, alcohol use, visit to primary care physician or cardiologist, and
nonadherence to one or both medication classes (for those using both medication classes;
supplemental eAppendix 1).

Discussion

This is the first study to estimate short-term CAD-related expenditures among cancer and
noncancer FFS Medicare beneficiaries with preexisting CAD. In general, CAD accounted
for a substantial portion of total expenditures before and after cancer diagnosis, and these
expenditures were higher for those with cancer compared with those without. The authors
speculate that part of the CAD-related expenditures among patients with cancer may result
from cancer treatments.”:8 For patients undergoing cancer surgery, CAD may need to be
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stabilized using medical management,” further adding to their overall CAD-related
expenditures. Moreover, it is plausible that cancer may take precedence over CAD
management and impede the recommended care for CAD, thereby increasing CAD-related
complications® and leading to higher CAD-related expenditures.

Notably, CAD-related expenditures were highest among patients with CRC compared with
those with breast, prostate, or no cancer. Furthermore, CAD-related expenditures were
highest during the 120-day interval immediately after CRC diagnosis. Most patients in our
study had advanced-stage CRC (63.0%), treatment of which consists of surgery and adjuvant
chemotherapy (eg, 5-fluorouracil and capecitabine).4! This suggests that CAD-related
expenditures may be higher among those with CRC due to chemotherapy-related
cardiotoxicity. Additionally, nonadherence to statins and ACEIs/ARBs/B-blockers was
significantly higher in patients with CRC who had undergone surgery (81%). Nonadherence
to these medications may increase the risk of CAD-related complications and
hospitalizations, thereby increasing inpatient expenditures.42

Another noteworthy finding was that women had lower CAD-related expenditures compared
with men. Chiha et al*3 assessed the differences in CAD severity among men and women
and noted that women were more likely to have normal coronary arteries or less severe
disease than age-matched men. Although we controlled for severity of CAD with HCC,
future research needs to explore whether the lower expenditures among women are because
of sex-related differences in severity of CAD.

Finally, CAD-related expenditures increased over time for all cancer groups. Our findings
indicated that expenditures were highest during the 120-day interval immediately after
cancer diagnosis, suggesting that the period after cancer diagnosis may be crucial for CAD
management.

Policy Implications

New bundled payment models and the Medicare Shared Savings Program use risk
adjustment to calculate expenditure benchmarks needed to provide care and obtain shared
savings from the CMS.1344 These value-based frameworks have been designed to improve
the quality and affordability of care. These frameworks aim to ensure that the cost of overall
care, including treatment, interventions, and prescriptions, reflect the benefits for better
quality of life. There are few notable value frameworks in oncology that account for each
stake-holder’s perspective. Collectively, our findings can help payers calculate these
benchmark expenditures by adjusting for case mix of Medicare beneficiaries, specifically
those with preexisting CAD and incident cancer.14-16 In addition, our findings can help
capture the episode-specific contribution of individual risk factors (eg, age, sex,
comorbidities, episode severity) to resource use, similar to risk models implemented by the
PROMETHEUS Payment model.16:45 PROMETHEUS is a bundled payment model that
uses algorithms to create episodes with relevant services. It helps determine appropriate
reimbursement rates for payment for multiple medical conditions and procedures in an
episode-of-care system. Currently, no specific payment models account for cancer and CAD,
but available models such as PROMETHEUS can be tailored to specific patterns of resource
use within CAD. Therefore, it is crucial to understand the extent to which a specific cancer
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contributes to CAD-related expenditures to implement these models. Based on our study
findings, it is apparent that resource allocation for CAD-related expenditures should be
higher for patients with CRC, followed by prostate and breast cancer.

The authors also found that CAD-related inpatient expenditures accounted for two-thirds of
the overall CAD-related healthcare expenditures. Heart failure as a comorbidity can greatly
diminish the patient’s quality of life, limit the therapeutic dose of anticancer treatment, and
significantly affect the patient’s use of healthcare services, with frequent hospital
readmissions. Although CMS has imposed penalties for potential hospital readmissions and
preventable hospitalizations, such as inpatient admissions for angina without procedures,*
these may not be effective in patients with complex conditions such as CAD and cancer. In
this context, future research needs to focus on collaborative care models, such as the patient-
centered medical home, because such models have been shown to reduce inpatient use.*7:48

Strengths and Limitations

This study adopted a longitudinal design and compared expenditures over time between
cancer and noncancer groups. We also used statistical adjustment for selection bias in
observed and unobservable characteristics. Use of Medicare FFS claims data enabled us to
track individuals across various providers and settings, and calculate expenditures and
measure variables for specific periods. The study also adjusted for a comprehensive list of
factors that can influence CAD-related expenditures and included individuals with
significant medical comorbidities.

Our findings cannot be generalized to all Medicare beneficiaries, because the study
population is restricted to those residing in SEER regions and those with FFS Medicare
plans. Furthermore, SEER-Medicare data are not developed for research purposes, and
therefore have limitations associated with their use for estimating healthcare expenditures.
There might be underestimation of CAD-related diagnosis, which in turn may undermine
CAD-related expenditures for several reasons. It is possible that CAD diagnosis may be
undercoded or misclassified in claims data, because these data are dependent on professional
ICD coding. Furthermore, 1 year of follow-up may not be long enough to assess advanced-
stage incident cancer, which might influence the link between increased spending and
incidence cases. In addition, SEER-Medicare data do not capture all procedures performed.
The overall cost burden of CAD in incident cancer cases might be an underestimate as a
result of not including end-of-life care and broader expenditures, such as out-of-pocket costs
or productivity issues. Finally, we were not able to control for family history, patient-level
lifestyle health behaviors, knowledge, attitude, and preferences, or number of cancer-related
complications, treatment-related adverse effects, and cost-related factors that may affect
CAD-related expenditures.

Conclusions

Our findings showed that incident cancer diagnosis was associated with higher short-term
CAD-related expenditures compared with patients without cancer. Specifically, inpatient
expenditures for patients with CRC were considerably higher than outpatient expenditures,
suggesting the need for greater emphasis on preventing cardiac events in the outpatient
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setting to reduce more expensive inpatient encounters. Future studies are needed to explore
whether the emerging payment reforms and collaborative care models can lower costs while
maintaining high-quality CAD care for patients with and without cancer.
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Figurel.

Index date

Incident cancer diagnosis date: cancer cohort

Pseudo-diagnosis date: noncancer cohort

Schematic of the study design. Each individual was observed for 48 months with a 24-month
baseline (for identification of CAD and baseline characteristics), 12-month preindex, and
12-month postindex period. CAD-related healthcare expenditures and selected independent
variables were measured repeatedly every 120 days during the preindex (ty, tp, and t3) and
postindex (14, t5, and tg) periods, yielding a total of 6 repeated measures for every individual.
Abbreviation: CAD, coronary artery disease.
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Figure2.
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Schematic presentation of selection criteria for study cohort.
Abbreviation: CAD, coronary artery disease.
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Figure 3.

Weighted average CAD-related expenditures among cancer and noncancer cohorts in (A)
women and (B) men during 120-day intervals. Based on 46,332 elderly fee-for-service
Medicare beneficiaries with preexisting CAD between 2008 and 2011 (cancer cohort:
n=12,095; noncancer cohort: n=34,237). Individuals with incident breast, colorectal, or
prostate cancer were derived from the SEER registries, and individuals with no cancer were
derived from the 5% noncancer sample from the SEER region. Weights were derived using
the inverse probability treatment weights approach. Asterisks represent significant
differences in cancer and noncancer groups.

Abbreviation: CAD, coronary artery disease.

*** < 001; **.001</*<.01; *.01<F<.05.

J Natl Compr Canc Netw. Author manuscript; available in PMC 2020 February 01.



Page 15

Chopra et al.

6'Tv 91y 61V STy ey Ty 891 6'6€ Ty 01y 8'€e 6'9¢ 1S9\
61T 0ct 8¢l Tt STT x4 S0T 811 44" 8¢l SYi 6'€T [eJusd-yLoN
Sve L've (A4 L've Sve 6'v¢ 8'¢€c 9'Ge 9ve [x44 1414 T'se yinos
L'1¢ 91¢ T0c L'T¢ 9'T¢ 6'T¢ 6'8T L'ee 0'0¢ 0ve €9¢ Tve 1SeayloN
SN wxx uotbas 4335
¥'.8 8'/8 ¥'.8 9'/8 ¥'.L8 6'/8 L'06 818 €16 176 698 028 ON
9¢l 4% 9¢l x4 9¢T 7T €6 [ L'S 6'8 TET 0€T SSA
P QUIS_
295 G99 199 999 195 899 199 667 €89 §29 9’8y 6'TS ON
8'Er SEv 6'Cy a4 6'¢y 44 6'¢E T0s L'T€ FWAS ¥'18 T8y S8
xx QOI& ueploasia
79 79 L'S 09 99 9 9L 09 'S 9v 9¢ a4 ON
6€6 6€6 €v6 0'v6 7'€6 8'€6 ¥'26 0'v6 916 7'56 ¥'96 §'S6 SBA
SN o QQI& JUEPIOdUOD
44" 0T 80T 00T 90T 00T LT €01 7L ¢oT 8L 'S BY1o
oy 6°¢ (44 v 9¢ L'E ov €y 9¢ 1 €¢ 6'C oluedsiH
L8 L8 06 L'8 8'8 L'8 L'S 70T 9L 6V A ¥'6 UedLIBWY UedLyY
TLL cLL 09 TLL 0LL S'LL 9'LL 0'sL 128 8'¢8 1'8L G'¢Z8 MYM
SN Fxx Aoruyz/e0ey
9'6€ §'6€ 6'6€ '6€ '6€ §'6€ ¥'0€ 6'Ly €0¢ 6'9¢ TvS oy 08<
6'¢c T'ee 0'€e ¥'ee §'€C 8'ce v'ee ¢1e 8'L¢e 0S¢ ¢ac 09¢ 6.-GL
9'0¢ 9'0¢ 9'0¢ L'0¢ 8'0¢ L'0¢ 8'¢c (A" §'0€ 144 SY1 86T vL-T1L
69T 8'9T §9T L'9T 997 0.7 44 L'€T e LvT 6 8¢l 0/.-89
SN xxx A ‘aby
mmm (UN)suoN  (Uswopn)BUON  BTesold  (UBIA) 1081010  (USWOAN) [e10910j00  1See.d mmm (LbN)BUON  (Uswiop\) BUON  BTelsold  (UBIN) e102J010D  (UBWOAN) [e108U0(0D  Isealg solslee YD
sdnouo seoued 1o} (9 paIUBBM) MLd1 BUY sdnouo seoued 10} (%) MLdialopg

sari0Ba1e) sisoubelq Jaour) Aq saNnslIaloRIRYD Pa193]aS JO 1U3dIad paiybiapn pue paybiamun

‘TalqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Natl Compr Canc Netw. Author manuscript; available in PMC 2020 February 01.




Page 16

Chopraetal.

pauodal ale sabeiuaalad uWN|o) "'S0>¢ST0°
*

TO">/>100

100>

*¥

2

“(sasoyoAsd “JapJosip tejodig “eluaiydoziyos) ssauj|l [eIUBW 2JaABS ‘Uoissaidap ‘AIBIXUB PapN|oul SUORIPUOD Yy[eay [eluslAl “sireday pue ‘sniiA ASUaIoLapounuuLl UewNy “enuswap
's15010d031S0 ‘aseasip Areuownd aAIONIISAO J1UOIYD ‘BLUYISE ‘SIILILLIE JO PAISISUOD SUOIHPUOD U3jeay [edlsAyd Juepiodsiq “ainjre) 1eay aAnsabuod pue “eluuyiAylle oeipsed ‘axons ‘uoisualiadAy “eiwapidijiadAy ‘se1ageip 40 PalsISU0d SUORIPUOD Uijeay [ealsAyd 1ueploouo)

q

'$159) 84enbs-1Yd U0 paseq sonsIIgIoRIRYD [9A3]-1UBITed JUBLIBAUI-BWIY U1 S90UBJBYIP JURdIIUBIS Juasaidal SistiaIsY,

*30uedIIUBIS ‘Bis ‘sUonIPU0d Yifeay [eatsAyd ‘DHd uednubISuoU ‘SN ‘SUOIIIPUOD Yfeay [eauswl ‘OHIA ‘BunyBiam juswiealy Aujiqeqold asianul ‘A Ld| ‘esessip Alalie A1euolod ‘gyD :SUOHRIASIAY

*3]0y InUop pue s160jo1pIed Jojpue ueidisAyd ases Arewiid ym dn-mojjoy aunnos ‘AlsIXue ‘uolssaidap ‘asn [oyodje ‘ash 099.go} papn|oul

SONSIIB1OBIRYD JUBLIBA-BLUI L "SONSLIBIORIRYD [8A3]-A1UN0D pue ‘UoIBal YIS ‘SSau|l [elusLl 81aA8S ‘SUONIPUOD Uijeay [ed1sAyd JUBpIodSIP PUB JUBPIOJUOD ‘UoIEINpa |00yds yBiy ‘smels Ausaod ‘A11o1uyia/eoes ‘abe ‘saliobales sisoubelp 1soues papn|oul SONSLIS0RIEYD JUBLIBAUI-BWI L

6'G¢ 9'9¢ 1'8¢ L'Se Lve c9¢ Tle €9¢ S9¢ 6°G¢ €6¢ T9¢ TT0C
(414 ¥'a¢ §'Ge 9'Ge L'se 09¢ 8'v¢ 19¢ 8'€¢ €6¢ 9'Ge ¥'qe 0T0C
(474 (474 9'€e 6'v¢ L'€C 8'€¢ L've 8'¢e T'Se 8'€c 6°€C Sve 6002
L've 6'€C 8'¢c L'€C 6°G¢ Tve '€ 6'¢€c 9ve 6'v¢ T6e 0ve 8002
SN xx Jeak xapu|

DS (BW)auoN  (Uswom)auoN  alesoid  (LIN) feweiooD  (Uewom) ereiojod  seald  Bis (LW)BUON  (Uewop)suoN  @mesoid (LB IN) [e1elojoD  (LWom) [e1Riojod  seeld

sdnot9 woued 1oy (9% PeIbieM) MLd| PUY sdnoJo eaue) 1o} (%) ML1d|alojleg

So1Is1e108 ey D)

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Natl Compr Canc Netw. Author manuscript; available in PMC 2020 February 01.



Page 17

Chopra et al.

saanjipuadxa po |

‘001 X

saunjipuadxa papjal — qvI

'S0>d>T0°
¥

T0>d>100°
*¥

100>
P

F¥

= paje[aI — qQvD mmﬂcmemn_u

*adsn 210z ul pauodal sainupuadxe ||y

q
'suoIeAJasqo pareadal 9 papnjoul

sisAjeue ay L yuil-6oj pue uonnguisip ewwed yum [spow Jeaul| pazijelausb paisnipeun woiy paALIBp sem aduediyiubis "sa1106a1ed J18oURIUOU PUR 1890UBD UL S32UBIBHIP JuRdIUbIS Juasaidal mv_w:mm,qm

"pa1yBIam ‘I ‘aseasip Alauie A1euolod ‘gyD SUoNeINRIGY

T'9y (¥65'sT) L2€'S  (189'92) 6G9'TT 8'Sy (899'9T) 08€'9  (85L'9¢2) EV6'ET (404) auoN
* 0'Ge (9te'ot) 2e0'L  (660'L2) OV0'8C STy (e90'zT) €09'y  (689'8T) 680'TT alelsold
xx S0y (182'82) 120’ (€ce'8y) 6v8'9S 89y (862'6T) 022’8 (2SV'1€) 8YS'LT [€10310]0D
UsiN
T'6€ (ose'eT) v9T'y  (6L€'22) 999'0T G'8e (0r9'€T) 299'v  (62G'CC) 660'2T (404) auoN
rex 8'ee (cot'22) 916'8T  (628'GY) $68'SS G'6€ (tzo'sT) ceL's  (8eT'Le) ¥0S'YT [£19810]0D
802 (6TY'VT) ¥ST'9 (6v7.'L2) 96562 9'¢e (v05'0T) €2v'e  (¥¥9'8T) €6¥'0T isealg
UBWOAA
Pueolubls  pereRpy-avo % gﬁ_@ ues N IM Qamv UeaNIM PRIeRY-AYO % gamv uea N IM gamv U\ IM  SUNOJD JBOUBIUON pUe JBOUED
perepy-avo [eiolL pereRY-avo 1oL
Xopulsod xopupid

Author Manuscript

s1yBran Juawreal L A)jigeqold as1anul YA paisnipy sainppusdx3 pate|ay-avo

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Natl Compr Canc Netw. Author manuscript; available in PMC 2020 February 01.



Page 18

Chopra et al.

.58_8:_@5%83___@ —(d+ amoEEcwv Se pare|nafed sem SN TS Joy abueyd Ememn_m

'S|9pOLU PaXILW Jeaul| pazijelaush ‘SNINTO ‘asessip Alalie A1euoiod ‘QyD SUOIRIAIGY

ST0 f4A] JLERIEI]

%.S 000 900 580 (uaw) [e1981010D

(a1e3504d :39Y) Saouatayip adAy Jaoued

ST0 €6t 1daasau|

%SG 000’ 900 6.0 (uswom) [e19810]0D

(1seauq :J8Y) saaualaylp adAl Jaoued

ST0 f4A] JLERIEI]

%S¢~ 000 100 6¢°0- (uawom) [e19810]0D

([usw] 119940109 :JaY) SAUBIBYIP XBS

10 14 1daasau|

%TZ- 000’ €00 v2'0- (uswom) suoN

([uawy] auou :}3y) SeauBIBYIP XS

10 Sy JLERIEI]
%eT 800° %00 110 31e1s04d
%¥9T 000° 500 16°0 (usw) Jex0a1010D

([uawy] auou :Jay) 1892UBIUOU SA J8dURD

Y10 10V 1daauau|
%TST 000’ S00 260 (uswiom) [e1981010D
%VT 200’ 700 €10 1sealg

([uswom] suou :Jay) 192UBIUOU SA J8oURD

mmmcmsoo\o aneAd IS WepuPoD  saliobere) ssoubelq eoue)

s1yBrapn Juaweal ] AljI0egold 8SI8AUl YIAA Saamipuadx3 palejay-awD [RI0L UO SININTO W0l Se1ewnsy Ja)sweled

‘€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Natl Compr Canc Netw. Author manuscript; available in PMC 2020 February 01.



Page 19

Chopra et al.

_awoh&c_m\p%eouc_o “(d+ 58;8:53 Se pale|nafed sem IO 1oy abueyd Wis0sed,

*S|9pOLL PaXILL Jeaul| pazijelaush ‘SNINTO ‘esessip Alalie A1euoiod ‘QyD SUoNeIAIGaY

€10 68'¢ 120 96°¢ pLERIT

%ET 950’ 600 170 %89 000° 600 vi'T (uawy) [ejoa1010D

(a1e1504d :J9Y) Se9uUBIBYIP 8dAY JaoueD

€10 ¢S'e T¢0 8G°¢ 1dadsaul

%- [44c% 900 70'0- %79 000 T0 T (uswiom) [e19310]0D

(1sealq :Jay) seoualayip adAy 1soued

€10 68'¢ 120 96°¢ pLERIT

%TE- 000° .00 LE°0- %cCE- 000° 01’0 8€'0- (uawiom) [ea10109

([uawy] 1219810109 :Joy) SBUBIBHIP XBS

70 JAR 0co TL¢ 1dadsaul

%0€- 000 €00 GE'0- %0€- 000 900 G€'0- (uswiom) auoN

([usw] auou :jJay) sadudIBYIP X3S

1710 VAR 0¢0 TL¢ 1dsouaiu|
%TE 0000  ¥00 120 %TT ST 100 010 ajeIsold
%TS 0000 900 70 %62 000° 800 T (usw) [e39810]0D

([usw] auou :jJay) 18oueIUOU SA JBIURD

¢rTo eTe 020 9€'¢ pLERIET
%8Y 000° S0°0 6€°0 %6EC 000° 800 (24 (uswom) [e12810100
%S 000 ¥0'0 1 dl0] %CT ST 800 Y 1sealg

([uswom] auou :}ay) 18duedUOU SA J32URD

FOUBUD % eneAd IS wepypod  sbueyD % eneAd IS ey  salofered ssoufelq Boued

saunyipusdx3 parepYy-avO 1eiedino seunyipusdx3 parepy-AQvO aledu|

S1yB1apn Juswieal] AjIgeqold asianu] YUAA sainiipuadx3 parejayd-aw) weneding pue juanedul uo SNINTS Wol Salewils] Jajaweled

Author Manuscript

‘v alqeL

Author Manuscript Author Manuscript Author Manuscript

J Natl Compr Canc Netw. Author manuscript; available in PMC 2020 February 01.



	Abstract
	Background
	Patients and Methods
	Conceptual Framework
	Study Design
	Data Sources
	Study Population
	Measures
	Dependent Variable: CAD-Related Expenditures
	Key Independent Variables: Sex and Cancer Type
	Other Independent Variables
	Predisposing Factors
	Enabling Factors
	Need-Based Factors
	Personal Healthcare Practices
	Healthcare Use
	External Environment Factors


	Statistical Analyses

	Results
	Characteristics of the Study Cohorts Before and After IPTW Adjustment
	CAD-Related Expenditures Over Time by Cancer and Noncancer Status
	Adjusted Relationships Between Cancer and CAD-related Healthcare Expenditures
	Cancer Versus No Cancer
	Men Versus Women
	Cancer Type

	Relationship Between Other Independent Variables and Expenditures

	Discussion
	Policy Implications
	Strengths and Limitations

	Conclusions
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

