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Abstract

Background—The purpose of this study was to examine the extent to which patterns of intensive
end-of-life care explain geographic variation in end-of-life care expenditures among cancer
decedents.

Methods—Using the SEER-Medicare database, we identified 90,465 decedents who were
diagnosed with cancer in 2004-2011. Measures of intensive end-of-life care included
chemotherapy received within 14 days of death; more than 1 emergency department visit, more
than 1 hospitalization, or 1 or more intensive care unit (ICU) admissions within 30 days of death;
in-hospital death; and hospice enrollment less than 3 days before death. Using hierarchical
generalized linear models, we estimated risk-adjusted expenditures in the last month of life for
each hospital referral region and identified key contributors to variation in expenditures.

Results—The mean expenditure per cancer decedent in the last month of life was $10,800,
ranging from $8,300 to $15,400 in the lowest and highest expenditure quintile areas, respectively.
There was considerable variation in the percentage of decedents receiving intensive end-of-life
care intervention, with 41.7% of decedents receiving intensive care in the lowest quintile of
expenditures versus 57.9% in the highest quintile. Regional patterns of late chemotherapy or late
hospice use explained only approximately 1% of the expenditure difference between the highest
and lowest quintile areas. In contrast, the proportion of decedents who had ICU admissions within
30 days of death was a major driver of variation, explaining 37.6% of the expenditure difference.
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Conclusions—Promoting appropriate end-of-life care has the potential to reduce geographic
variation in end-of-life care expenditures.

Methods

End-of-life care consumes a disproportionate share of Medicare expenditures, accounting for
more than one-fourth of spending for the elderly.1=3 Cancer is the second leading cause of
death,* and the mean cost for end-of-life care for cancer deaths is substantially higher than
for other causes of death.> Furthermore, widespread differences in end-of-life health care
spending exist between geographic regions among the general population,® as well as among
cancer decedents.” For instance, mean end-of-life spending per cancer decedent in the
highest quintile of national expenditures is approximately 40% more than spending in the
lowest quintile.”

Quality of cancer care at the end of life, however, is suboptimal and often highly intensive.®
Prior studies have found high rates of intensive end-of-life care, including intensive care unit
(ICU) admission, repeated hospitalization and emergency department (ED) visits in the last
month of life, late chemotherapy and hospice enrollment, and in-hospital death.9-11 Such
intensive care is often inconsistent with patient preferences and can lead to increased
emotional and physical suffering as well as caregiver distress.12-15 To improve monitoring
of palliative cancer care, the National Quality Forum has endorsed most of these intensive
care patterns as quality measures.1® As with health care expenditures, there is wide variation
in intensive end-of-life care patterns across geographic regions.11.17

As value-based health care has risen to the top of the health policy agenda,18:1° evaluation of
end-of-life spending and the associated quality of care can provide important information to
help transform medical practice. Conceptually, we would expect decedents who received
intensive care to have higher expenditures than those who did not. However, the magnitude
of the association between intensive care and end-of-life expenditures, as well as the specific
services used, remains unclear. Our goal in this study was to first examine the extent to
which intensive end-of-life care quality measures were linked with higher spending for
individual patients. Second, we sought to pinpoint which quality indicators were the
strongest predictors of geographic variation of health expenditures. Because the Centers for
Medicare & Medicaid Services (CMS) is developing payment and delivery models designed
to improve the effectiveness and efficiency of oncology care, such as the Oncology Care
Model,20 our research could assist providers and policymakers in defining and targeting the
key practices that have the greatest impact for improving care quality and reducing
expenditure variation.

Data and Study Design

We used the SEER-Medicare database, a unique data source linking Medicare enrollment
and claims records to tumor registries. SEER registries currently cover approximately 30%
of the US population?! and collect information on patients’ sociodemographic and tumor
characteristics. Use of health services and the corresponding expenditures were derived from
Medicare claims. This study was reviewed by the Institutional Review Board of Yale
University, which determined that this study did not directly involve human subjects.
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Study Sample

We identified beneficiaries who had breast, prostate, lung, colorectal, pancreas, liver, kidney,
or hematologic cancer or melanoma diagnosed in the years 2004-2011 and died within 3
years of diagnosis as a result of cancer by December 2011. We limited our sample to
beneficiaries who were aged 66.5 to 94 years at death and had been enrolled in Medicare
Parts A and B during the last 18 months of life. Patients were excluded if their diagnosis was
reported only by death certificate or autopsy, they could not be assigned to a hospital referral
region (HRR), or they lived less than 6 months after cancer diagnosis.

Measurement of Medicare Spending

Medicare claims files including inpatient, outpatient, physician, home health, durable
medical equipment, and hospice services were used to estimate end-of-life expenditures. We
calculated monthly spending in the last 6 months of life, but focused on the last month of
spending because the quality measures are defined using that period. Unless otherwise
specified, end-of-life expenditures represented spending in the last month of life. We
adjusted for inflation?2 and geographic price differences.23:24 All expenditures were
expressed in 2011 US dollars. The sources of end-of-life expenditures were further
categorized into inpatient, outpatient, home health, durable medical equipment, or hospice
services.

Key Independent Variables

We used previously developed claims-based indicators of intensive end-of-life care, %11
including (1) chemotherapy received within 14 days of death; (2) more than 1 ED visit
within 30 days of death; (3) more than 1 hospitalization within 30 days of death; (4) 1 or
more ICU admission within 30 days of death; (5) in-hospital death; and (6) hospice
enrollment less than 3 days before death. We also created a composite measure of intensive
end-of-life care, which was defined as the occurrence of at least one of the 6 indicators.

Other Control Variables

We included as candidate covariates patient age, race, Hispanic ethnicity, sex, year of death,
marital status, SEER registry, metropolitan status of residence, and comorbidity.2° Income
and education were derived from linked census-tract level data. We used Elixhauser
comorbidity conditions between 7 and 18 months before death, adapting an approach that
requires the diagnosis code to appear on an inpatient claim or 2 or more physician or
outpatient claims greater than 30 days apart for the condition to be considered present.28 We
also incorporated a measure of disability status, a claims-based indicator for services
commonly needed by patients with poor functional or performance status.2’ Tumor
characteristics included tumor site, advanced stage at diagnosis, multiple-cancer diagnoses,
and duration between cancer diagnosis and death, as reported by SEER.

Statistical Analysis

We conducted both individual and HRR-level analyses. First, at the individual patient level,
we calculated end-of-life expenditures according to receipt of intensive end-of-life care.
Second, we conducted HRR-level analyses, calculating the mean end-of-life expenditure for
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each HRR. We then categorized HRRs by quintiles based on expenditures and used chi-
square tests to make pairwise comparisons between quintile 1 (lowest expenditure regions)
and 5 (highest expenditure regions) regarding patient and tumor characteristics, as well as
intensive care patterns.

In adjusted analyses, to account for the right-skewed spending data while accommodating
the clustering of patients within HRRs, we used hierarchical generalized linear models
(HGLMs) with a log link function and gamma distribution.28:29 To reduce variability caused
by low HRR volumes, we excluded from the HGLM analysis HRRs that had less than 20
decedents during the study period. We winsorized data by truncating the end-of-life
expenditures at the upper 97th percentile to eliminate the influence of extreme values.30-32
We calculated the adjusted mean end-of-life expenditure per decedent for HRR/ as:

Ql

i,
X Ooverall

E;

where O, and .., @re the mean observed expenditure over all decedents in HRR/and in
all HRRs, respectively; and 7, is the mean expected expenditure over all decedents in HRR/
based on the predicted values of HGLM (details provided later).

To assess the relative contribution of patient demographics, tumor characteristics, and
specific quality measures to regional variation in end-of-life expenditures, we estimated a
series of HGLMs by adding these factors to the model sequentially. Model 0 included only
an intercept and HRR random effects, and the difference in mean end-of-life expenditure
between quintiles 1 and 5 represented unadjusted overall variation. Model 1 adjusted for
patient demographics and tumor characteristics, and the difference in adjusted expenditures
between quintiles 1 and 5 was calculated. We determined the percentage of variation that
could be explained by these factors using the following formula: the denominator is
unadjusted overall variation between quintiles 1 and 5 (based on Model 0), and the
numerator is the difference between the denominator and the estimate from Model 1. We
then estimated 6 models wherein for each model we added a dichotomous variable
representing individual quality measures separately. Using a similar approach, we estimated
the degree to which each quality measure explained the variation in addition to the variation
explained by patient and tumor characteristics. Finally, we included all 6 sets of
dichotomous variables that reflected end-of-life care quality. We further conducted 3
sensitivity analyses, including (1) creating a cohort of decedents who lived 1 to 36 months
after cancer diagnosis; (2) using ordinal least squares (without log-transformation and
winsorization); and (3) excluding decedents who did not use hospice and did not have
provider visits during the last 30 days. All statistical analyses were completed using SAS,
version 9.4 (SAS Institute, Cary, NC), and a 2-tailed Pvalue of less than 0.05 was used to
define statistical significance.
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The full study sample consisted of 90,465 decedents. A total of 49.2% had at least one
intensive end-of-life care intervention. Compared with decedents who did not receive
intensive end-of-life care treatment, decedents who received intensive end-of-life care
treatment did not have substantially increased monthly spending in the last 2 to 6 months
before death (Figure 1). In contrast, receiving at least one intensive end-of-life care
intervention incurred substantially higher expenditures in the last month of life, compared
with not receiving intensive care ($18,700 vs $4,200; A<.001). For decedents who received
at least one intensive end-of-life care intervention, 71.3% of the end-of-life expenditures
were for inpatient services. In contrast, the primary expenditure for decedents who did not
receive any intensive end-of-life care was for hospice services (66.6%).

The observed mean end-of-life expenditure per beneficiary was $10,800, ranging from
$6,600 in Dubuque, lowa, to $15,600 in Los Angeles, California. The difference between the
highest and lowest quintiles was $7,100 ($8,300 in quintile 1 and $15,400 in quintile 5).
Distributions of patient demographics and tumor characteristics varied significantly across
the quintiles. Patients in the highest expenditure areas were more likely to be older, female,
and non-white; to reside in metropolitan or higher income areas; and to have longer times
between cancer diagnosis and death (Table 1).

The percentage of decedents receiving at least one intensive end-of-life care intervention
ranged from 26.9% in Cedar Rapids, lowa, to 61.0% in Paterson, New Jersey. Across
quintiles by end-of-life expenditures, the percentage still varied substantially, ranging from
41.7% in the lowest-spending quintile to 57.9% in the highest-spending quintile (£<.001;
Figure 2). Compared with decedents living in the lowest-quintile areas, those living in the
highest-quintile areas were more likely to receive late chemotherapy (4.7% vs 3.5%) and
have repeated ED visits (40.2% vs 30.0%), repeated hospitalizations (17.9% vs 11.1%), ICU
admission (26.5% vs 11.7%), and late hospice use (9.6% vs 7.0%; ~£<.001 for all
comparisons).

Without adjusting for any patient or treatment characteristics (Model 0), the difference in
mean end-of-life expenditure per beneficiary between quintiles 1 ($14,300) and 5 ($8,100)
was $6,200. After adjusting for patient demographics and tumor characteristics (Model 1),
the difference decreased to $5,300, indicating that patient characteristics were able to
explain 14.7% of the expenditure variation. When we adjusted for each individual indicator
of intensive end-of-life care, the percentage of expenditure variation explained between
quintiles 1 and 5 differed substantially (Figure 3). Late chemotherapy or late hospice use did
not significantly decrease mean expenditure differences between quintiles 1 and 5. After
adjusting for repeated ED visits or hospitalizations, the mean expenditure difference
between quintiles 1 and 5 was $4,100 or $4,000, respectively, showing that these 2 factors
could account for approximately 20% of the expenditure variation. Furthermore, ICU
admission appeared to be the major driver of end-of-life spending differences: the difference
between quintiles 1 and 5 decreased to $2,900 after adjusting for ICU admission, indicating
that ICU admission explained 37.6% of the expenditure variation. After adjusting for all
intensive end-of-life care indicators, the mean expenditure difference between quintiles 1
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and 5 was $1,400, which indicated that end-of-life care quality could explain 62.8% of the
original difference. The results of the sensitivity analyses were qualitatively similar, with the
same intensive end-of-life care indicators ranking least to most able to explain regional
expenditure variation (see supplemental eAppendix 1, available with this article at
JNCCN.org).

Discussion

In this study, we examined associations between end-of-life quality measures and care
expenditures for patients with cancer at both the individual and regional levels, building on
prior work in several important ways. First, at the individual-level, we found a considerable
difference in expenditures in the final month of life between decedents receiving and not
receiving intensive end-of-life care (ie, $14,500). In fact, this difference is even larger than
the observed mean expenditure per beneficiary ($10,800). Thus, efforts targeting
improvements in end-of-life care as defined by these quality measures could produce
substantial savings in health care spending, especially given that approximately 50% of
decedents had at least one intensive end-of-life care intervention.

Second, our research confirms a problematic relationship between regional expenditures and
end-of-life care quality. Following the results of a recently published study of patients with
cancer,” we found that decedents in high-spending areas were more likely to receive
intensive end-of-life care interventions than those in low-spending regions. Importantly,
previous findings showed that despite higher rates of intensive care interventions and
spending, decedents in those regions did not experience any significant improvement in
mean survival time, strengthening evidence that the quality measures examined in both
studies are strong indicators of low-value care.

Third, we found that intensive end-of-life care patterns were able to explain nearly two-
thirds of the extensive geographic variation in end-of-life expenditures known to exist.11
Furthermore, we quantified how specific care quality indicators contributed to expenditures
and expenditure variation. Notably, late chemotherapy or late hospice use contributed less
than 1% to the expenditure variation, whereas ICU admission was the main driver among the
end-of-life care measures we examined, accounting for 38% of the observed variation. Prior
research has shown that acute hospital care is the chief driver for expenditure variation
among patients with advanced cancer.33 Indeed, at the HRR-level, ICU use and overall
hospital use were highly correlated (see supplemental eAppendix 2). In combination, these
data can support the design and implementation of increasingly targeted methods for cost
and quality improvements. For instance, prompt palliative care consultation and
communication about advance directives in the high expenditure areas could reduce ICU
admission and thus decrease not only overall end-of-life care expenditures but also variation
in expenditures.

Our findings that short hospice enrollment did not explain much of the geographic variation
should be interpreted with caution. Hospice has been embraced as a means to control end-of-
life expenditures and improve care quality.16 Previous literature has identified duration of
hospice use as a key factor in determining cost savings.34-38 Because we followed the
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current recommended quality measures, which focus on aggressive care, we only included
hospice enrollment of less than 3 days in our models. Future research should examine the
timing of hospice initiation and its relationship with geographic variation in expenditures.

Consistent with prior literature,3” metropolitan areas accounted for almost all of the high-
spending areas. Some researchers have speculated that under-use of certain care modalities
may be due to barriers to access in rural areas.38 Nonetheless, patient characteristics
(including metropolitan residence status) only explained 14% of the expenditure variation,
whereas end-of-life care intensity measures explained a much larger proportion of the
variation, highlighting the importance of monitoring quality of care to identify regions with
the greatest potential for cost saving.

Our study has several limitations. Our analyses are based on the SEER-Medicare fee-for-
service beneficiaries, which do not necessarily represent all Medicare beneficiaries. Second,
we did not include patient preferences. Although patient demands have not been shown to be
an important factor in expenditure variation,14 future investigations should explore patient
experiences and their associations with expenditures. Third, we acknowledge that patients
must be admitted to the hospital in order to receive ICU care; therefore, the quality measure
of ICU admission also captures some of the hospitalization costs. The issue of how much
variance is explained by ICU admission alone is outside the scope of this article, because our
goals are to link quality metrics to variation in expenditures, but it warrants future research.
Finally, our study assessed the association between an area’s spending on indicators of its
quality of care but did not address other important factors, such as hospital and physician
characteristics, on overall variations. For example, some research has suggested that
physician beliefs are the most important for practice patterns.3°

Conclusions

Our findings on expenditure variations provide insight for policymakers to develop a
Medicare value-based payment system. We demonstrated that quality indicators were
influential drivers of overall end-of-life expenditures, representing opportunities for
considerably reducing these expenditures. Furthermore, ICU admission accounted for most
of the geographic variation. These quality metrics, such as ICU admission, are important not
only from a cost perspective but also as indicators for continuous quality improvement to
assure patient-centered care. CMS is planning to pay providers for consultation related to
advance care planning,“® which could promote conversations about treatment options when
patients are approaching the end of life. Such incentives for appropriate end-of-life care can
potentially decrease unnecessary use of resources and promote high-quality, compassionate
care.
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Figure 1.
End-of-life spending according to care aggressiveness.
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Figure 2.
Variation in intensive end-of-life care patterns, according to quintiles of medicare spending.

Abbreviations: ED, emergency department; ICU, intensive care unit.
@Any of the 6 patterns of intensive end-of-life care.
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