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Abstract: Purpose: Medicare patients who die from cancer are responsible for about 30% of annual
Medicare spending, most of which occurs during the last 30 days of life. Yet, there are significant and
persisting knowledge gaps regarding which factors contribute to this high-intensity EoL spending.
To that end, we conducted a retrospective analysis of SEER-Medicare data to identify risk factors
associated with high-intensity EoL spending among older adults who died of breast, prostate, lung,
or colorectal cancer. Methods: We used multivariable linear regression to identify clinical,
demographic, socioeconomic, and geographic characteristics associated with total inflation-adjusted
Medicare spending in the last 30 days of life, including reimbursements for services provided in the
inpatient and outpatient settings. Study subjects included U.S. Medicare beneficiaries aged 65 and
older who died of breast, prostate, lung, or colorectal cancer between 2011 and 2015. Results: Among
59,355 decedents (49.2% female; 21.2% of non-White race/ethnicity), factors associated with greater
EoL spending were increased comorbidity burden, female sex, Black race, other race/ethnicity, stage
III and IV disease, living in a more populated county, and state subsidization of patient Medicare
premiums. EoL spending was lower among older patients, patients living in the Midwest, South, and
West, patients living in more rural areas, and patients with poor performance status. Results were
largely consistent across cancer types. Conclusion: Our findings can inform targeted intervention
development for patients with cancer who are at higher risk of high-intensity EoL spending, such as
decision-support tools that facilitate referrals to palliative care for high-risk patients.
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1. Introduction

High-intensity end-of-life (EoL) care for patients with cancer often includes multiple transitions
to the hospital and intensive care unit (ICU) and is associated with adverse outcomes, such as declines
in patient functional abilities.[1,2] Importantly, aggressive EoL care is often not aligned with patient
preferences[3,4] and can result in worse experiences for both caregivers and bereaved family
members.[4,5] Intensive medical care, such as administering chemotherapy in the last few days of
life, generates exorbitant medical spending without reversing the disease course.[6,7] In fact, two
previous studies using Medicare data found that the 5-6% of cancer patients who died annually were
responsible for about 27-30% of annual Medicare spending, and about 78% of this spending occurred
during the last 30 days of life.[8,9] While a portion of this spending represents the intensity of medical
needs at the EoL, a significant share is due to potential overuse of health services that does not align
with patient preferences.[10] Given that a small fraction of Medicare beneficiaries is responsible for a
significant portion of spending, finding ways to reduce EoL cancer spending provides a unique
opportunity to reduce overall Medicare costs while improving patient centeredness and quality-of-
care at the EoL.

There is a large body of research demonstrating that interventions such as upstream palliative
care, earlier enrollment in hospice, EoL discussions, and do-not-resuscitate orders are associated with
lower medical spending and improved EoL care quality.[6,7,11,12] However, significant disparities
exist in the availability and uptake of hospice and palliative care among cancer patients,[13,14] which
may be partially driven by workforce shortages in these specialties.[15,16] Given these limitations,
we cannot universally rely on the current palliative care infrastructure to adequately prevent
aggressive EoL care and spending for every single patient with cancer. Therefore, further research is
needed to identify which attributes increase a patient’s risk of unnecessary high-intensity care and
excessive medical costs at the EoL to help providers focus palliative care interventions toward high-
risk patients, and to inform targeted research, education, and policy change.

Previous research has identified several factors associated with higher healthcare costs among
cancer patients, such as age, race/ethnicity, comorbidity burden, sex, geographic variation, and
disease stage.[17-19] However, there is much less research about which factors contribute to high
cancer spending specifically at the EoL. A few recent studies have found that EoL costs are higher for
cancer patients who are younger,[20-23] female,[23,24] members of racial and/or ethnic
minorities,[23,24] live in urban areas,[23] have a higher comorbidity burden,[23,24] and live in areas
where physicians have less comfort discussing EoL issues.[20] However, the majority of these studies
evaluated long spending windows of 6-12 months before death. For Medicare patients with cancer,
the EoL spending window is best defined as the last month of life, as previous research has found
that almost 80% of spending occurs during the last 30 days of life for this population.[9] Additionally,
clinicians often struggle with accurate prognostication, making it difficult to reliably estimate a
patient’s final 6-12 months of life. However, the last month of life is a more discernible period for
clinicians, providing a clear opportunity for the implementation of targeted interventions.
Furthermore, previous studies on this topic only included one or two types of cancer in their analyses,
which greatly limits the generalizability of the findings.

To date, there is no comprehensive study evaluating the impact of clinical, demographic,
socioeconomic, and geographic predictors of high-intensity EoL spending across all common
malignancies in the last 30 days of life. Identifying these predictors may help health systems and
policymakers determine which patients would benefit most from targeted interventions such as
referrals to palliative care, which in turn may reduce the healthcare system’s financial strain caused
by high-intensity EoL care. To address these knowledge gaps, we conducted a population-based
retrospective cohort study to evaluate and compare the receipt of and predictors for high-intensity
EoL spending among Medicare decedents with breast, colorectal, lung, and prostate cancer.
Collectively, these four malignancies represent approximately 50% of all new cancer diagnoses in the
U.S.[25], enhancing the generalizability of our results as compared to previous research on this topic.
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2. Methods
2.1. Sample Selection & Outcomes

We obtained our patient sample from the SEER-Medicare database, which is a population-based
database that combines data from the Surveillance, Epidemiology, and End Results (SEER) program
of cancer registries with administrative claims for healthcare services provided to Medicare
beneficiaries. Using this dataset, we identified beneficiaries aged 65 years or older diagnosed with
the four most common solid tumors including breast, colorectal, lung, and prostate cancers who died
from cancer between 2011 and 2015. We excluded all beneficiaries who met any of the following
criteria: (1) diagnosed with cancer at autopsy; (2) no histologic confirmation of their cancer diagnosis;
(3) unknown dates of cancer diagnosis or death; (4) no continuous coverage for Medicare Parts A/B
for 12 months before their death; (5) enrolled in hospice prior to their cancer diagnosis; and (6) no
Medicare claims in the 90 days before their death. Our outcome was total inflation-adjusted Medicare
spending in the last 30 days of life, including reimbursements for services provided in the inpatient
and outpatient settings.

2.2. Covariates

All covariates were selected a priori for inclusion in the statistical models, on the basis of their
clinical significance, the existing literature, their relevance for healthcare delivery, and a conceptual
framework for the determinants of treatment intensity among seriously ill patients.[26] This selection
process was informed through discussions with our team, which is comprised of practicing
oncologists (Wulff-Burchfield, Olszewski, Egan, Trikalinos, Hugar), palliative care physicians (Wulff-
Burchfield), and experts in health services research and EoL healthcare delivery (Bélanger, Baird,
Panagiotou). As a result of this process, we hypothesized that the following categories could
influence a patient’s likelihood of experiencing high-intensity EoL spending: patient-level clinical
factors, patient-level demographic factors, area-level socioeconomic factors, physician/practice-
related factors, and regional/geographic factors. Consequently, we included as many of these factors
in our regression models as our data allowed.

Using the SEER database, we obtained patient-level demographic, clinical, and tumor
characteristics at the time of diagnosis including the patient’s sex, age, marital status, race/ethnicity,
and disease stage at diagnosis. Using the Census Tract file, we also ascertained area-level
socioeconomic data at the time of diagnosis including the percent of people living in poverty in the
patient’s census tract, whether the patient resided in a tract defined as either all urban, mostly urban,
mostly rural, or all rural according to the Census Bureau’s Urban Rural Indicator Code, and the
population in the patient’s county of residence.

Using Medicare claims billed during the 12 months prior to death, we ascertained each patient’s
United States (U.S.) region at death, performance status (approximated by means of a validated
claims-based disability indicator and categorized as poor or not poor),[27] comorbidities (measured
using the National Cancer Institute (NCI) comorbidity index),[28] and a variable indicating whether
the patient’s monthly premium for Part A and/or B coverage was subsidized by the state (“state buy-
in”). All covariates were selected a priori based on clinical knowledge and relevance.

2.3. Statistical Analysis

We used univariate linear regression to assess the association of each covariate mentioned above
with Medicare spending in the last 30 days of life by computing the regression coefficients and
corresponding 95% confidence intervals (CI). Subsequently, we included all variables in a
multivariable linear regression model regardless of their statistical significance in the univariate
models. In all models, the outcome variable was a continuous measure of the sum of inpatient and
outpatient Medicare spending in the last 30 days of life, and the vector of covariates included those
previously listed. We used a Box-Cox transformation[29] for the outcome variable to ensure
normality of the residuals of the linear regression model. This transformation is commonly used to
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transform non-normal random variables into normal ones and improved the model fit (for further
explanation, please see Appendix 1 in Online Resource 1).

Our primary analysis pertained to the sample of patients diagnosed with any of the four cancers.
We also performed exploratory subgroup analyses for each cancer separately. Finally, we also
conducted a descriptive analysis to evaluate whether EoL Medicare spending was higher among
patients who received high-intensity EoL care, which we measured as a composite outcome defined
as the patient having at least one indication of aggressive EoL care.[30,31] These claims-based
indicators of aggressive EoL cancer care are described in detail in Appendix 2 in Online Resource 2.
They have been widely adopted in the literature and endorsed as quality-of-care measures by the
American Society of Clinical Oncology (ASCO) and the National Quality Forum (NQF). We used SAS
for data preparation and Stata for all statistical analyses. The type I error rate was set to a=0.05.

2.4. Sensitivity Analysis

Some of the covariates in our analysis (e.g., population in county of residence, marital status,
etc.) were documented at the time of the patient’s cancer diagnosis, which may have changed
between the patient’s diagnosis and death. For example, a patient may have been living in the
Northeastern U.S. when they were diagnosed with cancer but later moved to the Western U.S. when
they received EoL care. To assess the robustness of our findings to these variations, we performed a
sensitivity analysis in which we restricted the sample to patients who died within 6 months of their
cancer diagnosis because these covariates are less likely to change during this short time interval.

3. Results
3.1. Descriptive Results

We identified 59,355 decedents (50.8% males; 78.8% White race/ethnicity) who died of lung
(n=39,330), colorectal (n=11,806), breast (n=4,862), or prostate (n=3,357) cancer. The mean age at
diagnosis was 76 years and the mean age at death was 77 years. Approximately 54% of patients had
stage IV disease at diagnosis, almost 40% had poor performance status, and 47% died within 6 months
of diagnosis. Clinical, demographic, socioeconomic, and geographic characteristics are shown in
Table 1. Across the four cancers, the median unadjusted Medicare spending in the last 30 days of life
was $12,325.25 (Interquartile Range (IQR): $3,779.10 to $25,271.68) (Figure 1). Patients with lung
cancer had the highest median EoL Medicare spending at $12,895.34 (IQR: $3,914.369 to $25,246.45)
followed closely by patients with colorectal cancer whose median EoL Medicare spending was
$12,269.94 (IQR: $3,633.81 to $29,159.15). Patients with prostate cancer had a median EoL Medicare
spending of $10,071.54 (IQR: $3,420.203 to $21,961.33) and patients with breast cancer had the lowest
EoL Medicare spending, with a median of $9,583.72 (IQR: $3,327.68 to $20,884.07).

d0i:10.20944/preprints202501.0863.v1
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Figure 1. Distribution of Unadjusted Medicare Spending within 30 Days of Death. Sources: SEER-Medicare
Dataset.

Table 1. Sample Characteristics.

All Colorecta Lung

Breast Prostate
Cancers Cancer 1 Cancer Cancer Cancer
(N =5)9,355 (N=4,862) (N =1)1,806 (N=3)9,330 (N=3,357)
Clinical Characteristics
NCI Comorbidity Index, mean (SD) 3(2) 3(2) 33) 32 3(3)
Performance Status, No. (%)
Not Poor 35,753 2,449 6,132 25,022 2,150
(60.2%) (50.4%) (51.9%) (63.6%) (64.0%)
23,602 2,413 5,674 14,308 1,207
Poor

(39.8%)  (49.6%)  (48.1%)  (364%)  (36.0%)

Stage at Diagnosis, No. (%)

o 10182 1,540 2,554 5,173 915
(172%)  (317%)  (21.6%)  (132%)  (27.3%)

o 13391 920 2,649 9,722 100
(22.6%)  (189%)  (224%)  (24.7%) (3.0%)

y  3L874 1,825 5,495 22,614 1,940

(53.7%)  (37.5%)  (465%)  (575%)  (57.8%)
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Death within 6 Months of Diagnosis, No.
(%)
No 31534 3,595 6,677 18,512 2,750
(53.1%)  (73.9%)  (56.6%)  (47.1%)  (81.9%)
27,821 1,267 5,129 20,818 607
YeS  469%)  (26.1%)  (434%)  (529%)  (181%)
Demographic Characteristics
Age at Diagnosis, mean years (SD) 76 (8) 77 (9) 79 (8) 76 (7) 77 (8)
Age at Death, mean years (SD) 77 (8) 79 (9) 80 (8) 76 (7) 79 (8)
Year of Death, No. (%)
o1 9% 311 1,187 4,318 178
10.1%)  (64%)  (10.1%)  (11.0%)  (5.3%)
sorp 11099 679 2,078 7,859 483
(18.7%)  (14.0%)  (17.6%)  (20.0%)  (14.4%)
13,267 1,044 2,597 8,933 693
2013 o4%)  @15%)  (220%)  (227%)  (20.6%)
14,130 1,286 2,883 9,016 945
201 038%)  (265%)  (44%)  (22.9%)  (282%)
14,865 1,542 3,061 9,204 1,058
2015 050%)  (B17%)  (259%)  (234%)  (31.5%)
Sex, No. (%)
Female | 29187 4,809 6,209 18,169 0.00
(492%)  (98.9%)  (52.6%)  (462%)  (0.0%)
30,168 53 5,597 21,161 3,357
Male  sogon)  (11%)  (47.4%)  (33.8%)  (100.0%)
Race/Ethnicity, No. (%)
White 46765 3,758 8,844 31,665 2,498
(788%)  (77.3%)  (749%)  (80.5%)  (74.4%)
5,863 616 1,328 3,453 466
Black g9y (27%)  (112%)  (88%)  (13.9%)
Hisoanic | 3261 274 855 1,892 240
P (5.5%) (5.6%) (7.2%) (4.8%) (7.1%)
Otharn 3466 214 779 2,320 153
(5.8%) (4.4%) (6.6%) (5.9%) (4.6%)
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Marital Status, No. (%)
Married 27,345 1,556 4,851 19,123 1,815
(46.1%) (32.0%) (41.1%) (48.6%) (54.1%)
28,942 2,957 4 1 7 1,1
Not Married 8,9 ,95 6,340 8,50 ,138

(48.8%)  (60.8%)  (53.7%)  (47.1%)  (33.9%)

Geographic/Socioeconomic Characteristics

U.S. Region at Death, No. (%)

Northeast 10,936 968 2,297 7,056 615
(18.4%) (19.9%) (19.5%) (17.9%) (18.3%)

Midwest 7,337 606 1,436 4,898 397
(12.4%) (12.5%) (12.2%) (12.5%) (11.8%)

South 17,370 1,349 3,113 12,050 858
v (29.3%) (27.7%) (26.4%) (30.6%) (25.6%)

23,679 1,936 4,951 15,306 1,486
West

(39.9%)  (39.8%)  (41.9%)  (38.9%)  (44.3%)

Population in County of Residence, No.

(%)
T
250,000 to 999,999 (Z?OZ) (216?91;)) (220497?) (281%19;)) (2?%32%)
1,000,000 or more ~ >o18 2,613 6,183 19,804 1,718

(G1.1%)  (537%)  (52.4%)  (50.4%)  (51.2%)

Rural/Urban Area at Diagnosis, No. (%)

All rural 5425 374 993 3,761 297
(9.1%) (7.7%) (8.4%) (9.6%) (8.8%)
Allurban ~ o¥9% 2,917 7,194 22,907 1,917
u (589%)  (60.0%)  (60.9%)  (582%)  (57.1%)
Mostly rural 100 348 889 3,564 299
Y (8.6%) (7.2%) (7.5%) (9.1%) (8.9%)
Mostly urban 13,058 1,021 2,590 8,731 716

(22.0%)  (21.0%)  (21.9%) = (222%)  (21.3%)

Poverty, No. (%)

10,204 918 2,032 6,634 620

0%-<S%poverty 1700 (189%)  (172%)  (169%)  (18.5%)

14,420 1,234 2,856 9,497 833

Sto<IO%POVerty o)y (54%)  (242%)  (41%)  (248%)
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18,223 1,371 3,625 12,237 990

10%to<20% poverty 3700 (282%)  (307%)  (311%)  (29.5%)

15,092 1,243 3,048 9,943 858

20% to100% poverty o yoy  (5.6%)  (258%)  (253%)  (25.6%)

State Buy-in, No. (%)

No 45,838 3,640 8,748 30,745 2,705
(77.2%) (74.9%) (74.1%) (78.2%) (80.6%)
13,517 1,222 3,058 8,585 652
Yes

(22.8%)  (25.1%)  (25.9%)  (21.8%)  (19.4%)

Sources: SEER-Medicare Dataset, Census Tract File. ~Cell sizes were too small to show races within the “Other”

category.

Figure 2 presents all-cause unadjusted Medicare spending in the last 30 days of life by both type
of high-intensity EoL care measure and cancer type. For every single cancer type, >2 inpatient
admissions within 30 days of death was associated with the highest median all-cause Medicare
spending in the last 30 days of life, ranging from $32,629.50 to $40,255.70. Conversely, receipt of any
oral or parenteral chemotherapy in the last 14 days of life was associated with the lowest median all-
cause Medicare spending in the last 30 days of life for all cancer types, ranging from $18,490.00 to

$21,861.80.
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Figure 2. Drivers of Unadjusted Medicare Spending within 30 days of Death by Cancer. Sources: SEER-Medicare
Dataset.

3.2. Predictor Results

Table 2 shows the associations of clinical, demographic, socioeconomic, and geographic
characteristics with all-cause Medicare spending in the last 30 days of life. Because we used a Box
Cox transformation of our outcome, EoL Medicare spending, it is not possible to interpret the
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coefficients as exact dollar amounts. Rather, positive coefficients indicate that the variable is
associated with an increase in EoL Medicare spending, negative coefficients indicate that the variable
is associated with a reduction in EoL Medicare spending, and the magnitudes of the coefficients can
be used to infer which variables have a more significant impact on EoL Medicare spending. We found
that increased comorbidity burden (1.06, p<0.001), female sex (0.33, p<0.001), Black race (0.91,
p<0.001), Other race/ethnicity (0.91, p<0.001), stage III at diagnosis (0.37, p<0.01), stage IV at diagnosis
(0.39, p<0.001), higher population in the county of residence (0.56, p<0.001; 1.33, p<0.001), and state
buy-in (0.72, p<0.001) were all associated with increased EoL Medicare spending. EoL Medicare
spending was lower for older compared to younger patients (-0.05, p<0.001); patients residing in the
Midwest, South, or West compared to the Northeastern U.S. (-1.40, p<0.001; -2.32, p<0.001; -0.66,
p<0.001); patients living in all rural, mostly rural, or mostly urban as compared to all urban areas (-
0.62, p<0.001; -0.77, p<0.001; -0.55, p<0.001); and patients with poor performance status (-5.36,
p<0.001).

Table 2. Multivariable Regression Results: Medicare Spending in the Last 30 Days of Life (Full Sample).

All

Breast Colorectal Lung Prostate
Cancers

Coefficien Coefficien Coefficien Coefficien Coefficien
t(95%CI) t(95%CI) t(95%CI t(95%CI) t(95% CI)

Clinical Predictors

1.06*** 0.99*** 1.07*** 1.10%** 0.94***
NCI Comorbidity Index  (1.03 to (0.87 to (0.99 to (1.06 to (0.80 to
1.09) 1.10) 1.15) 1.14) 1.08)
Performance Status
Not Poor 0 0 0 0 0
[Reference] [Reference] [Reference] [Reference] [Reference]
-5.36%** -4.62%** -6.31%** -5.33*** -4.43%**
Poor (-5.53 to - (-5.18 to - (-6.71 to - (-5.52 to - (-5.17 to -
5.20) 4.06) 5.92) 5.13) 3.68)
Stage at Diagnosis
LI 0 0 0 0 0
[Reference] [Reference] [Reference] [Reference] [Reference]
0.37** 0.52 -0.83** 0.89*** 0.82
I (0.13to (-0.20 to (-1.38 to - (0.58 to (-1.21 to
0.61) 1.25) 0.29) 1.19) 2.85)
0.39*** 1.62%** -1.72%%* 1.09%** 1.04%*
IV~ (0.18to (1.01 to (-2.20 to - (0.81 to (0.26 to
0.60) 2.23) 1.24) 1.37) 1.81)
Demographic Predictors
-0.05%** -0.16*** -0.04** -0.06*** -0.08***

Age at Diagnosis  (-0.06 to - (-0.19 to - (-0.06 to - (-0.07 to - (-0.12 to -
0.04) 0.13) 0.01) 0.05) 0.03)
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Sex
0 0 0 0
Male
[Reference] [Reference] [Reference] [Reference]
0.33*** 1.97 0.18 0.34%*
Female  (0.16 to (-0.69 to (-0.22 to (0.15 to
0.49) 4.62) 0.58) 0.54)
Race/Ethnicity
White 0 0 0 0 0
[Reference] [Reference] [Reference] [Reference] [Reference]
0.91*** 1.72%** 0.50 0.87%** 0.80
Black  (0.63 to (0.83 to (-0.15 to (0.52 to (-0.36 to
1.19) 2.61) 1.15) 1.21) 1.96)
0.03 -0.33 -0.46 0.18 -0.66
Hispanic  (-0.33 to (-1.53 to (-1.23 to (-0.26 to (-2.11 to
0.38) 0.88) 0.31) 0.63) 0.79)
0.91*** -0.17 0.13 1.20%** 1.07
Other®  (0.56 to (-1.55 to (-0.68 to (0.78 to (-0.69 to
1.27) 1.22) 0.95) 1.62) 2.82)
Marital Status
Married 0 0 0 0 0
[Reference] [Reference] [Reference] [Reference] [Reference]
0.16 -0.33 0.14 0.20* 0.15
Not Married  (-0.01 to (-0.92 to (-0.27 to (0.00 to (-0.60 to
0.33) 0.27) 0.55) 0.40) 0.89)

Geographic/Socioeconomic Predictors

U.S. Region at Death

Northeast 0 0 0 0 0
[Reference] [Reference] [Reference] [Reference] [Reference]
-1.40%** -1.25%* -1.62%** -1.36%** -1.18
Midwest (-1.69to-  (-2.22to-  (-233to- (-1.70to- (-2.5to
1.11) 0.27) 0.92) 1.01) 0.14)
-2.32%4% -2.16%** -2.30%** -2.26%** -2.53%**
South  (-2.59 to - (-3.06 to - (-2.94 to - (-2.57 to - (-3.74 to -
2.06) 1.27) 1.66) 1.95) 1.32)
-0.66*** -0.37 -0.74** -0.67*** -0.21
West  (-0.89 to - (-1.14 to (-1.28 to - (-0.94 to - (-1.23 to

0.43) 0.41) 0.19) 0.40) 0.82)
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Population in County of
Residence
0 0 0 0 0
249,999 or less [Reference] [Reference] [Reference] [Reference] [Reference]
0.56*** 0.83 1.07#** 0.46** -0.18
250,000 -999,999  (0.32 to (-0.03 to (0.46 to (0.17 to (-1.29 to
0.81) 1.70) 1.68) 0.75) 0.93)
1.33%** 1.91%** 1.44%** 1.23%** 1.17*
1,000,000 or more  (1.10 to (1.09 to (0.86 to (0.95 to (0.11 to
1.57) 2.73) 2.03) 1.51) 2.24)
Rural/Urban Area at
Diagnosis
All urban 0 0 0 0 0
[Reference] [Reference] [Reference] [Reference] [Reference]
-0.62%** 0.09 -0.65 -0.61*** -1.97**
All rural  (-0.95 to - (-1.09 to (-1.45 to (-0.98 to - (-3.4to-
0.30) 1.27) 0.15) 0.23) 0.53)
-0.77%%* 0.79 -0.65 -0.93*** -0.87
Mostly rural  (-1.08 to - (-0.33 to (-1.45 to (-1.29 to - (-2.22to
0.46) 1.91) 0.15) 0.57) 0.48)
-0.55%** -043 -0.39 -0.59*** -1.15*
Mostly urban  (-0.76 to - (-1.15to (-0.91 to (-0.84 to - (211 to-
0.34) 0.29) 0.13) 0.34) 0.19)
Poverty
N o 0 0 0 0 0
0% —<5% poverty [Reference] [Reference] [Reference] [Reference] [Reference]
-0.10 -0.27 0.16 -0.11 -1.22*
5% —<10% poverty  (-0.35 to (-1.08 to (-0.44 to (-0.40 to (-2.3to-
0.14) 0.53) 0.76) 0.18) 0.15)
0.07 0.48 0.76* -0.19 -0.45
10% - <20% poverty  (-0.18 to (-0.35 to (0.16 to (-0.48 to (-1.55 to
0.31) 1.31) 1.35) 0.10) 0.65)
0.09 -0.03 1.05** -0.14 -0.90
20% - 100% poverty  (-0.18 to (-0.94 to (0.40 to (-0.46 to (-2.09 to
0.36) 0.89) 1.70) 0.18) 0.3)
State Buy-in
No 0 0 0 0 0
[Reference] [Reference] [Reference] [Reference] [Reference]
0.72%** 0.31 0.18 0.86*** 1.19*
Yes  (0.52to (-0.38 to (-0.30 to (0.61 to 02 t 218)
0.93) 1.00) 0.66) 1.10) S oS
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Sources: SEER-Medicare Dataset, Census Tract File. ~Cell sizes were too small to show races within the “Other”
category. Notes: * P-Value < 0.05; ** P-Value < 0.01; *** P-Value < 0.001.

3.3. Regression Results for Additional Analyses

These associations were largely consistent across cancer types except for level of poverty and
stage at diagnosis. In particular, there was no association between poverty level and EoL Medicare
spending for patients with breast or lung cancer, while patients with prostate cancer residing in a
census tract with 5% to <10% poverty, as compared to 0% to <5% poverty, had lower EoL Medicare
spending. On the other hand, residing in a in census tract with 10% to <20% poverty or 20% to 100%
poverty, as compared to 0% to <5% poverty, was associated with higher EoL Medicare spending for
patients with colorectal cancer. There are also different associations observed among cancer type for
stage at diagnosis. For all cancers combined, being diagnosed with stage Il or IV cancer, as compared
to stage I-II cancer, is associated with more EoL Medicare spending in the last 30 days of life.
However, stage III or IV disease was associated with less EoL Medicare spending among patients
with colorectal cancer.

The sensitivity analysis included a cohort of 27,821 patients who died within 6 months of
diagnosis and indicated that a higher comorbidity burden, female sex, Black and other race/ethnicity,
living in a more populated area, and state buy-in, were all associated with more Medicare spending
in the last 30 days of life (Table 3). Conversely, older age, stage III or IV cancer at diagnosis, living in
the Midwest, South or West, living in an all rural, mostly rural, or mostly urban area, and having a
poor performance status were all associated with less Medicare spending in the last 30 days of life.

Table 3. Multivariable Regression Results: Medicare Spending in the Last 30 Days of Life (Sensitivity Sample).

All Cancers Breast Colorectal Lung Prostate

Coefficient Coefficient Coefficient Coefficient Coefficient
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

Clinical Predictors

0.94%** 0.90*** 0.82%** 1.01%** 0,79+
NCI Comorbidity Index (0.89 to (0.69 to (0.71 to (0.96 to © 49' t01.09)
0.98) 1.11) 0.93) 1.07) ' '
Performance Status
0 0 0 0
Not Poor [Reference] [Reference] [Reference] [Reference] 0 [Reference]
-4.98%** -3.83*** -5.81%** -5.00%** -4.39%**
Poor (-5.24 to- (-4.89 to - (-6.41 to - (-5.29 to - (-6.08 to -
4.73) 2.76) 5.20) 4.72) 2.69)
Stage at Diagnosis
0 0 0 0
I-II Ref
[Reference] [Reference] [Reference] [Reference] 0 [Reference]
-1.35%** 0.81 -0.55 -0.25 7.53
I (-1.78to - (-1.09 to (-141 to (-0.80 to (-2.20 to
0.92) 2.70) 0.32) 0.29) 17.26)
4.02%**
v -2.24%%* 0.86 -4.71%%* -0.60* 0

(1.90 to 6.14)
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(262to- (058t (-543to-  (-1.10to-
1.86) 2.30) 4.00) 0.10)
Demographic Predictors
-0.08*** -0.20*** -0.05** -0.12%** 0.04
Age at Diagnosis  (-0.10 to - (-0.26 to - (-0.09 to - (-0.14 to - (014 éo 0.06)
0.06) 0.13) 0.02) 0.10) ’ ’
Sex
0 0 0 0
Male
[Reference] [Reference] [Reference] [Reference]
0.49*** 1.44 -0.12 0.59%**
Female (0.26 to (-3.87 to (-0.71 to (0.33 to
0.72) 6.76) 0.46) 0.85)
Race/Ethnicity
0 0 0 0
hi Ref
White [Reference] [Reference] [Reference] [Reference] 0 [Reference]
0.66** 0.83 0.23 0.66** 0.87
Black (0.26 to (-0.79 to (-0.74 to (0.19 to (-157 .to 331)
1.07) 2.45) 1.20) 1.12) : '
-0.12 -1.89 -1.37* 0.27 1.07
Hispanic  (-0.64 to (-4.28 to (-2.55 to - (-0.33 to )
-4.36 to 2.22
0.40) 0.50) 0.19) 0.86) ( © )
0.72** -1.28 0.27 0.97*** b 67
Other®  (0.20 to (-4.00 to (-0.98 to Od0to o] 81 )
1.23) 1.44) 1.52) 1.54) ' ‘
Marital Status
0 0 0 0
Married Ref
arre [Reference] [Reference] [Reference] [Reference] 0 [Reference]
0.08 0.42 0.06 0.01 025
Not Married  (-0.16 to (-0.70 to (-0.54 to (-0.26 to (-1.83 éo 1.34)
0.32) 1.55) 0.66) 0.27) : '
Geographic/Socioeconomic Predictors
U.S. Region at Death
0 0 0 0
h Ref
Northeast [Reference] [Reference] [Reference] [Reference] 0 [Reference]
-1.66%** -2.08* -1.58** -1.65%** 236
Midwest  (-2.07 to - (-3.81 to - (-2.60 to - (-2.12 to - (-5.37 éo 0.65)
1.24) 0.35) 0.57) 1.18) : '
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-2.83%** -3.71%** -2.27%%* -2 72%%* -5.02%**
South  (-3.21to- (-5.29 to - (-3.21 to - (-3.15 to - (-7.71 to -
2.46) 2.12) 1.34) 2.30) 2.34)
-0.92%** -1.26 -0.97* -0.85%** 150
West  (-1.25 to - (-2.66 to (-1.77 to - (-1.22 to - :
-3.81 to 0.82
0.59) 0.14) 0.17) 047y (38110082
Population in County of
Residence
0 0 0 0
24 1 Ref
9,999 or less [Reference] [Reference] [Reference] [Reference] 0 [Reference]
0.42* 1.19 0.60 0.36 2010
250,000 — 999,999 (0.07 to (-0.42 to (-0.28 to (-0.03 to (253 éo 234)
0.77) 2.80) 1.48) 0.75) : :
1.25%** 1.67% 1.34** 1.22%** 131
1,000,000 or more (0.91 to (0.15 to (0.49 to (0.85 to (:0.99 .to 3.61)
1.58) 3.19) 2.20) 1.60) ’ ’
Rural/Urban Area at
Diagnosis
0 0 0 0
All Ref
urban [Reference] [Reference] [Reference] [Reference] 0 [Reference]
-0.60* 1.00 -1.20* -0.58* 205
All rural  (-1.05 to - (-1.16 to (-2.35to - (-1.09 to - (551 ;0 1.41)
0.14) 3.16) 0.04) 0.07) ' '
-0.79** 1.24 -1.24* -0.76** -0.68
Mostly rural ~ (-1.23 to - (-0.83 to (-2.41 to - (-1.26 to - (:3.90 éo 255)
0.34) 3.31) 0.08) 0.27) ' '
-0.48** -0.17 -0.85* -0.49** 061
Mostly urban  (-0.79 to - (-1.53 to (-1.60 to - (-0.83 to - (261 éo 1.38)
0.18) 1.19) 0.09) 0.15) ' '
Poverty
0 0 0 0
% —<5% t Ref
0% —<5% poverty [Reference] [Reference] [Reference] [Reference] 0 [Reference]
-0.02 -0.62 0.09 0.02 0.23
5% —<10% poverty  (-0.38 to (-2.11 to (-0.79 to (-0.38 to (-2.19 to
0.34) 0.86) 0.97) 0.42) 2.65)
0.08 -0.50 0.84 -0.12 1.29
10% — <20% poverty  (-0.28 to (-2.03 to (-0.04 to (-0.52 to (131 .to 3.89)
0.43) 1.03) 1.71) 0.28) : '
0.12 0.34 0.76 -0.10 173
20% —100% poverty  (-0.27 to (-1.40 to (-0.19 to (-0.54 to (:0.92 .to 439)
0.51) 2.07) 1.72) 0.34) ’ ’
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State Buy-in
0 0 0 0

Ref

o [Reference] [Reference] [Reference] [Reference] 0 [Reference]
0.75*** 0.02 0.54 0.83%** 0.00
Yes (0.46 to (-1.27 to (-0.17 to (0.50 to :
2.1 2.2

Sources: SEER-Medicare Dataset, Census Tract File. *Cell sizes were too small to show races within the “Other”
category. Notes: * P-Value < 0.05; ** P-Value < 0.01; *** P-Value < 0.001.

4. Discussion

We conducted a retrospective cohort study of Medicare patients with the four most common
cancers to identify predictors of EoL Medicare spending and to examine which types of high-intensity
healthcare utilization contribute most to EoL Medicare spending. We found that younger age, female
sex, Black race/ethnicity, other race/ethnicity, state buy-in, higher comorbidity burden, higher stage
at diagnosis, good performance status, and residing in a more populated county, the Northeast, or
an all-urban census tract were all associated with greater EoL Medicare spending. Of all the ASCO
quality benchmarks, we found that >2 inpatient admissions within 30 days of death was associated
with the highest median all-cause EoL. Medicare spending. Interestingly, a recent study found that
inpatient hospital costs during the last month of life were 24% lower for cancer decedents who
received early palliative care as compared to cancer decedents who did not receive early palliative
care.[32] Overall, median all-cause Medicare spending in the last 30 days of life was $20,713.91 higher
for patients who received high-intensity EoL care as compared to those who did not, highlighting
how high-intensity EoL care places a significant financial strain on the healthcare system.

4.2. Demographic Predictors

The association of younger age with greater EoL Medicare spending is consistent with prior
studies.[20-23] This expenditure difference is largely driven by lower intensity EoL care among older
patients with cancer, which may reflect differences in patient or caregiver preferences by age. Among
patients who were <74 at diagnosis, 47.42% received high-intensity EoL care, while only 37.44% of
patients who were 285 at diagnosis received high-intensity EoL care. Previous research has suggested
that older patients may feel less inclined than younger patients to undergo aggressive treatments
only to gain a few more weeks with loved ones.[33] The association of female sex with greater EoL
Medicare spending is also concordant with previous research that assessed cancer spending in the
last 6-12 months of life.[21-24]

There is some research demonstrating that during the EoL, men experience a more rapid de-
escalation of care in the ICU setting as compared to female patients.[34] Additionally, because women
are more likely to outlive male partners within heterosexual couples, they may rely more on costly
long-term care services to fulfill their EoL care needs. These findings could also reflect gender-based
differences in EoL care decisions that are made by surrogate decision-makers such as children.

Our finding that Black and other minority races are associated with greater EoL Medicare
spending as compared to White patients is also consistent with prior research.[22-24] A number of
interrelated factors may contribute to racial disparities in EoL spending for cancer patients, including
barriers to optimal patient-physician communication and specialty palliative care access, distrust of
medical institutions among Black patients related to institutional racism, and the role of faith in
determining preferences for high-intensity EoL care.[35-37]

4.3. Geographic Predictors
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Several previous studies have also found that patients with cancer who reside in more populated
areas have greater spending in the last year of life.[21-23] Higher EoL spending among patients who
live in more densely populated areas may signify disparities in the use of EoL healthcare services.[38]
Alternatively, these findings may be a reflection of Medicare reimbursing rural providers at lower
rates than urban providers for the same services, due to factors such as lower market labor costs.
Finally, these results could also indicate that a culture of high-intensity EoL care is more prevalent in
urban areas.

4.4. Sensitivity Analysis

Predictors of EoL Medicare spending were largely consistent regardless of how long the patient
survived after their cancer diagnosis. However, a more advanced stage at diagnosis was associated
with lower EoL Medicare spending among patients who died within 6 months of diagnosis. Research
has found that the accuracy of physician prognostication decreases as the duration of the doctor-
patient relationship increases.[39,40] As such, physician prognostication may be more accurate for
patients who survive for shorter periods of time after diagnosis, because there is less time for a
physician’s judgment to be clouded by their emotional stake in the patient. This improved
prognostication may lead patients to forego more highly aggressive care at the EoL, which would
decrease EoL spending.

4.5. Recommendations for Policy & Practice

Professional societies have attempted to reduce the intensity of EoL care for patients with cancer,
by creating quality measures and setting benchmark guidelines for physicians. However, our
findings and other studies[41-43] indicate that these efforts alone have not been sufficient in reducing
unnecessary and costly EoL care for many patients with cancer. For that reason, policymakers should
shift their focus towards finding ways to better incentivize healthcare providers and health systems
to meet the recommended EoL quality benchmarks. For example, value-based care systems that use
financial incentives to improve healthcare quality while also reducing costs may be a promising
solution. The Centers for Medicare and Medicaid Services’” (CMS) Oncology Care Model (OCM)
decreased mean total episode payments by almost $300 in the first three years of the program,[44] in
large part due to reductions in clinician visits, physician-administered drug use, and fewer imaging
services.[44,45] Importantly, this reduced utilization did not have any negative effect on patient
survival or quality of life. If the OCM were to incorporate the existing ASCO/NQF high-intensity EoL
care quality measures, this model may also be able to reduce unnecessary EoL care utilization and
expenditures.

Our results also indicate that there is an opportunity for development of decision support tools
to alert physicians when they are treating patients at increased risk of excessive EoL spending. These
point-of-care alerts would allow physicians to target EoL interventions, such as serious illness
conversations and referrals to palliative care, to those patients who would benefit from them most.
Although the decision support intervention from the 1995 SUPPORT study[46] did not precipitate
patient outcome improvements, newly developed interventions that leverage recent technology are
promising. In fact, a recent study evaluating the impact of an EHR-based intervention that delivered
mortality predictions with behavioral nudges to oncology clinicians found that the rate of serious
illness conversations was significantly increased among high mortality risk patients.[47] This
provides support for utilizing the risk factors identified in this study to enhance ongoing machine
learning efforts aimed to augment clinician prognostication.

5. Limitations

Our study has some limitations. First, our findings do not capture the outcomes of younger
patients with these cancers, as the SEER-Medicare dataset is limited to patients 65 years and older.
However, data from commercially insured patients indicate similar patterns in the use of high-
intensity EoL care.[48] Second, our EoL spending outcome represents the sum of patient
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reimbursements for inpatient and outpatient services, and therefore does not include costs that are
not reimbursed by Medicare. However, while our claims-based outcome may not include the entire
sum of EoL healthcare spending, it covers all spending related to potentially unnecessary high-
intensity EoL care, which is the focus of this study, and our outcome has been widely used by
previous EoL cancer spending studies. Third, the ASCO/NQF high-intensity EoL care benchmarks
that are used in the analysis are largely based on research conducted in the early 1990s.[30] However,
despite innovations in cancer treatments, the primary features of high-quality EoL medical care have
not evolved to include higher intensity interventions, and therefore these benchmarks remain
appropriate for this analysis.

6. Conclusions

In conclusion, Medicare spending in the last 30 days of life was six times higher for patients with
indicators of high-intensity EoL care. This demonstrates that high-intensity EoL care not only
burdens patients and caregivers, but also adds substantial financial strain to the healthcare system.
As such, there is a clear need for policies that incentivize healthcare providers and health systems to
better align EoL care intensity with patient preferences and goals of care. We recommend that the
risk factors identified in this study be used to inform targeted interventions, such as decision-support
tools that facilitate referrals to palliative care for high-risk patients.
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Appendix 1

Model Fit Based on Box-Cox Transformation

Even though Box-Cox transforming the outcome variable before using it in the model does not
necessarily translate to normally distributed residuals, the transformation resulted in improved the
model fit based on the Akaike information criterion (AIC); lower AIC values indicate a better fitting
model. The AIC of the model when using the Box-Cox transformed outcome was equal to 35,0878.40,
while the AIC was equal to 1,113,823.00 when using the raw (untransformed) cost outcome.

Appendix 2

Claims-based Indicators of Aggressive Cancer Care at the EoL

Claims-based indicators of aggressive cancer care at the EoL included death in an acute care
hospital, receipt of any oral or parenteral chemotherapy in the last 14 days of life (see below), one or
more admissions to the intensive care unit (ICU) in the last 30 days of life, two or more emergency
department (ER) visits in the last 30 days of life, or two or more inpatient admissions in the last 30
days of life. These indicators have been widely adopted in the literature and endorsed as quality-of-
care measures by the American Society of Clinical Oncology (ASCO) and the National Quality Forum
(NQF).!

Chemotherapy Endpoint

The endpoint of "use of chemotherapy within the last 14 days of life" was examined in a
subgroup of patients who had available Medicare Part A and B (to account for office-administered
chemotherapy) and Part D (to account for orally administered prescriptions for antineoplastic agents)
claims, with a minimum of 3 months of coverage under Part D within the last 6 months of life.
Chemotherapy drugs were identified using Healthcare Common Procedure Coding System (HCPCS)
billing codes for outpatient hospital or physician office administration,? and using the National
Cancer Institute database of oral anti-cancer drugs for prescription drugs.?
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