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 Background Medicare spending varies substantially across the United States. We evaluated the association between mean 
regional spending and survival in advanced cancer.

 Methods We identified 116 523 subjects with advanced cancer from 2002 to 2007, using Surveillance, Epidemiology and 
End Results (SEER)–Medicare linked data. Subjects were aged 65 years and older with non–small cell lung, colon, 
breast, prostate, or pancreas cancer. Of these subjects, 61  083 had incident advanced-stage cancer (incident 
cohort) and 98 935 had death from cancer (decedent cohort); 37% of subjects were included in both cohorts. 
Subjects were linked to one of 80 hospital referral regions within SEER areas. We estimated mean regional spend-
ing in both cohorts. We assessed the primary outcome, survival, in the incident cohort; the exposure measure was 
the quintile of regional spending in the decedent cohort. Survival in quintiles 2 through 5 was compared with that 
in quintile 1 (lowest spending quintile) using Cox regression models.

 Results From quintile 1 to 5, mean regional spending increased by 32% and 41% in the incident and decedent cohorts 
(incident cohort: $28 854 to $37 971; decedent cohort: $27 446 to $38 630). The association between spending and 
survival varied by cancer site and quintile; hazard ratios ranged from 0.92 (95% confidence interval [CI] = 0.82 to 
1.04, pancreas cancer quintile 5) to 1.24 (95% CI = 1.11 to 1.39, breast cancer quintile 3). In most cases, differences 
in survival between quintile 1 and quintiles 2 through 5 were not statistically significant.

 Conclusion There is substantial regional variation in Medicare spending for advanced cancer, yet no consistent association 
between mean regional spending and survival.

  J Natl Cancer Inst;2013;105:634–642 

The last 2 decades have seen sustained reductions in cancer inci-
dence and mortality in the United States, primarily because of 
reductions in smoking and improved detection and treatment of 
early-stage cancers (1,2). Improvements in outcomes for patients 
with advanced cancer have been limited; most new advanced cancer 
therapies provide survival gains of weeks to months, and many are 
associated with high costs (3,4).

Spending for cancer care comprises approximately 10% of 
Medicare payments (5), and US outlays for cancer care will reach 
$157 billion annually by 2020 (6). Phase-of-care costs are highest 
for patients with advanced-stage cancer (7,8). Although develop-
ing life-prolonging therapies for advanced cancer remains the pri-
mary goal of therapeutic research, improving the value of medical 
spending for advanced cancer is increasingly recognized as a prior-
ity (9–11).

Analysis of regional variation in medical spending can be used 
to assess value in health-care delivery. Studies of regional variation 
have demonstrated large area-level differences in general medi-
cal spending (12,13); however greater area-level spending has not 
been consistently associated with better patient outcomes (14–16). 

The policy and practice implications of regional variation in medi-
cal spending remain uncertain, however, as the value of increased 
spending varies across clinical settings and interventions.

We sought to better understand the association between 
medical spending and survival in patients with advanced cancer. 
Our study used the Surveillance, Epidemiology and End Results 
(SEER)–Medicare linked data, providing us with extensive clinical 
information about patients with advanced cancer, including cancer 
stage. We hypothesized that area-level spending was not associated 
with overall survival.

Methods
Data Sources
SEER data record incident cancer cases from 17 affiliated cancer 
registries, covering approximately 28% of the US population (17). 
Clinical information includes details of cancer site, stage, and his-
tology. The Medicare files document use of health-care services by 
patients enrolled in fee-for-service Medicare. The SEER–Medicare 
linkage included patients with diagnoses of invasive cancer before 
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December 31, 2007, and Medicare claims through December 31, 
2009. The study was deemed exempt from review by the institu-
tional review board at the Dana-Farber Harvard Cancer Center.

Study Subjects
All subjects were Medicare beneficiaries aged 65 years and older 
who had been diagnosed with one of five cancers (non–small cell 
lung cancer [NSCLC], colorectal, pancreas, breast, and prostate 
cancer). These five cancer sites account for the majority of newly 
diagnosed cancer cases and cancer deaths in the United States (1).

We assembled two analytic cohorts: subjects in the incident 
cohort had a diagnosis of advanced-stage cancer from 2002 to 2007, 
and subjects in the decedent cohort died from cancer between 
2002 and 2007. Patients with atypical histologies (eg, neuroendo-
crine tumors) were excluded. Advanced stage was defined as the 
American Joint Committee on Cancer (version 6) stages at which 
therapeutic interventions are generally palliative, including stage 
IV for all cancer sites, as well as stage IIIB for NSCLC and stage 
III for pancreas cancer. Because SEER data do not identify cancer 
progression, all subjects in the incident cohort had advanced-stage 
cancer at the time of diagnosis. In the decedent cohort, death from 
cancer was determined using the SEER cause-specific death classi-
fication (18). Qualifying patients could be included in both cohorts. 
Medicare spending was estimated, and mean regional spending was 
calculated in both cohorts. Survival, the primary outcome, was 
assessed in the incident cohort.

We estimated spending in two cohorts because the attributes 
of the cohorts are complementary. Subjects in the incident cohort 
are prospectively identified and have a shared expected progno-
sis (“look-forward” approach); however time from diagnosis until 
death is variable. For subjects in the decedent cohort, spending is 
calculated over an identical amount of time before death (“look-
back” approach). Because decedent cohorts are only retrospec-
tively identifiable, their use in research has been criticized (19). 
However, illness trajectory in many advanced cancers is highly 
homogeneous, and resource use at the end of life has important 
clinical and policy implications. Our study design allows for a 
comparison of spending variation in overlapping “look-forward” 
and “look-back” cohorts.

Estimation of Medicare Spending
We used Medicare claims to estimate total Medicare spending 
over a 6-month observation period in both cohorts. Claims files 
included inpatient, outpatient, physician, home health, durable 
medical equipment, and hospice files. The observation period for 
claims in the incident cohort was from diagnosis until 6 months 
after diagnosis; for subjects who died less than 6 months after diag-
nosis, spending estimates are from the time of diagnosis until the 
time of death. The observation period in the decedent cohort was 
the 6 months before death, regardless of the date of diagnosis.

All spending estimates are from the perspective of the Medicare 
program and are based on Medicare reimbursement variables 
in claims files. Estimates do not include patient copayments or 
coinsurance. Disproportionate share and indirect medical educa-
tion payments were subtracted from inpatient reimbursements. 
To adjust for inflation we used the Hospital Input Price Index for 

part A expenditures and the Medicare Economic Index for part B 
expenditures (20). All spending is expressed in 2009 US dollars.

Geographic and Demographic Adjustment of Medicare 
Spending
To compare Medicare spending between regions with distinct geo-
graphic and demographic characteristics, we performed geographic 
and demographic adjustments of all spending estimates. Medicare 
payment policies explicitly recognize geographic variation in 
spending power by varying payments to health-care providers 
based on local differences in prevailing wages (21). Our geographic 
adjustment effectively reverses the Medicare payment adjustments, 
approximating a geographically normalized payment. We used the 
capital geographic adjustment factor to adjust part A expenditures 
and the geographic practice cost indices to adjust part B expen-
ditures (20). The geographic adjustment factor and geographic 
practice cost indices are calculated by the Department of Health 
and Human Services for applicable administrative regions (22). 
Geographic adjusters were assigned based on the location of care 
delivery.

We adapted the method of the Dartmouth Atlas of Health Care 
in performing demographic adjustment of spending (12). Each 
patient was assigned to a demographic cell defined by cancer site, 
age (65–69, 70–74, 75–79, or 80 years and older), race (black vs non-
black), sex, and stage (for NSCLC only). We then used estimates 
of mean spending in each cell to adjust spending for all subjects 
to that of a demographically standardized subject. Demographic 
adjustments were performed separately for the incident and dece-
dent cohorts.

Exposure Measure
The exposure measure for our survival analysis was the mean 
regional 6-month spending for advanced cancer stratified by quin-
tile, as measured in the decedent cohort. We used the decedent 
cohort spending quintiles as the exposure measure to minimize 
endogeneity bias, where variable observation time leads to system-
atic error in spending estimation. We calculated a distinct set of 
spending quintiles in the incident cohort to evaluate the consistency 
of mean regional spending over the two cost observation periods.

We used hospital referral regions (HRRs) as the regions of 
interest. HRRs are geographic areas defined by the Dartmouth 
Atlas of Health Care to describe regional patterns of referral for 
tertiary care (23). Three hundred six HRRs are defined in the 
United States, and 95 HRRs overlap with SEER areas. Using a 
restricted variable from the SEER data (zip code of residence), we 
identified 80 HRRs in SEER areas contributing 100 or more eligi-
ble subjects with incident advanced cancer from 2002 to 2007; we 
included subjects living in these 80 HRRs in our study.

For each HRR, we first calculated mean spending by cancer 
site. We then calculated a composite measure of mean regional 
advanced cancer spending for all five cancer sites. The composite 
measure is a rescaled and weighted mean of spending across 
the five cancer sites; details are reported in the Supplementary 
Methods (available online). We then rank-ordered the 80 HRRs by 
the composite measure and divided them into quintiles. Quintiles 
represent similar numbers of subjects, resulting in varying numbers 
of HRRs per quintile.
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Baseline Characteristics
Baseline characteristics of study subjects, including age at diagno-
sis, sex, race/ethnicity, marital status, urban residency, comorbid-
ity, area median education, and area median income, are reported 
in Table 1. The Deyo (24) and Klabunde (25) adaptations of the 
Charlson (26) comorbidity index were used to measure severity 
of comorbid diseases, with modification to exclude cancer diag-
noses. We applied this method to Medicare inpatient, outpatient, 
and physician claims during the 12-month period before the cost 
observation period. For patients who did not have 12 months of 
claims data available (3.3%), we used all available data to assign a 
comorbidity score.

Outcomes
We measured overall survival in the incident cohort for each of the 
five cancer sites. Survival was measured from the time of advanced 
cancer diagnosis until death from any cause, as reported in the 
Medicare enrollment file. Patients surviving until December 31, 
2009, were censored. Additional outcomes included the use of nine 
specific health-care services and seven end-of-life quality meas-
ures (27,28); these data were extracted from Medicare claims using 
summary data fields, Healthcare Common Procedure Coding 
System codes, and International Classification of Diseases, Ninth 
Edition procedure codes (see Supplementary Methods, available 
online, for details).

Table 1. Characteristics of older adults with advanced cancer by cohort and spending quintile*

Characteristics

Incident cohort Decedent cohort

No. Q1 Q2 Q3 Q4 Q5 No. Q1 Q2 Q3 Q4 Q5

Cancer site
 All 61 083 100 100 100 100 100 98 935 100 100 100 100 100
 NSCLC 35 680 57.5 59.8 60.0 59.3 55.6 47 961 45.0 49.1 51.7 49.1 47.1
 Colorectal 9778 15.9 15.5 16.0 16.4 16.1 21 983 23.0 21.2 21.7 22.4 23.0
 Pancreas 6910 11.8 10.8 10.2 11.5 12.3 10 864 10.8 11.0 9.9 11.3 12.1
 Breast 3316 4.8 4.7 5.4 5.8 6.3 9187 10.0 8.9 8.9 9.4 9.3
 Prostate 5399 10.0 9.3 8.4 7.1 9.7 8940 11.3 9.8 7.8 7.8 8.6
Age, y
 65–69 14 269 22.7 23.2 25.9 22.2 22.9 20 371 20.1 19.8 22.8 20.2 20.2
 70–74 14 971 24.3 24.6 25.1 24.4 24.2 23 332 24.0 23.5 24.3 23.8 22.3
 75–79 14 630 24.0 24.2 24.2 24.5 22.9 23 844 24.1 24.2 23.3 24.7 24.2
 ≥80 17 201 29.0 28.0 24.8 28.9 30.0 31 376 31.8 32.5 29.6 31.3 33.4
Sex
 Female 28 542 44.5 46.8 45.1 49.7 47.3 49 104 48.1 48.7 49.5 51.2 50.7
 Male 32 541 55.5 53.2 54.9 50.3 52.7 49 831 51.9 51.3 50.5 48.8 49.3
Race/ethnicity
 White† 50 411 81.7 87.6 86.3 80.2 77.7 82 639 83.0 91.1 86.9 80.7 75.1
 Black† 6252 3.3 4.9 12.2 18.1 11.7 9715 4.2 2.9 10.3 17.3 14.5
 Other 4200 15.0 7.4 1.5 1.8 10.6 6581 12.8 6.0 2.8 2.0 10.3
Marital status
 Married 31 361 54.0 51.0 52.9 48.4 50.6 48 672 51.7 51.9 48.5 46.6 47.3
 Not married 29 722 46.0 49.0 47.1 51.6 49.4 50 263 48.3 48.1 51.5 53.4 52.7
Metropolitan residency
 Yes 51 873 81.8 88.9 70.0 93.2 89.9 83 511 78.0 79.7 78.6 93.8 91.8
 No 9 210 18.2 11.1 30.0 6.8 10.1 15 424 22.0 20.3 21.4 6.2 8.2
Modified Charlson comorbidity score‡
 0 34 519 59.4 57.7 57.0 53.9 54.9 60 190 65.9 63.4 59.8 56.8 58.4
 1 15 147 24.2 24.9 24.8 24.8 25.3 21 980 20.7 21.5 22.9 23.3 22.6
 ≥2 or 11 417 16.4 17.4 18.2 21.3 19.8 16 765 13.3 15.1 17.3 19.9 18.9
Median income (Census tract)§
 1 (lowest) 12 214 13.3 16.0 28.9 21.4 20.2 19 777 13.0 15.4 26.2 21.6 23.6
 2 12 217 19.4 21.7 23.2 18.5 17.5 19 780 21.6 22.6 18.9 20.7 16.0
 3 12 212 20.0 24.1 19.8 20.6 15.8 19 776 21.4 23.3 16.5 21.1 17.3
 4 12 216 23.3 21.5 16.0 19.5 19.7 19 781 22.9 20.7 16.6 20.5 19.4
 5 (highest) 12 216 24.0 16.6 12.1 19.9 26.8 19 777 21.2 17.9 21.6 16.1 23.6
College educated (Census tract)
 1 (lowest) 12 221 12.1 18.2 26.5 25.1 17.9 19 781 10.6 14.6 27.8 25.8 20.9
 2 12 218 19.4 20.1 23.5 20.2 17.0 19 768 22.0 20.1 18.9 22.3 16.6
 3 12 200 22.5 22.2 17.1 20.0 18.1 19 790 22.4 23.6 14.9 20.7 18.2
 4 12 227 24.2 21.7 17.5 15.8 21.3 19 777 24.6 22.0 15.8 17.0 20.7
 5 (highest) 12 210 21.9 17.8 15.4 18.9 25.6 19 776 20.3 19.7 22.5 14.1 23.6

* All numbers are column percentages unless otherwise specified. NSCLC = non–small cell lung cancer; Q = spending quintile.

† Non-Hispanic.

‡ Charlson comorbidity score (26) modified using Deyo adaptation (24) with exclusion of cancer diagnoses. Applied to Medicare claims data as described by 
Klabunde et al (25).

§ Zip-code level data used where Census tract data not available.
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Statistical Analysis
We calculated mean spending and 95% confidence intervals (CIs) 
for each cohort and quintile of regional advanced cancer spending 
by cancer site and overall. Overall mean spending is mean spend-
ing adjusted for cancer site case mix. To characterize use of specific 
health-care services, we calculated per capita service use for each 
spending quintile. The significance of use differences across quin-
tiles was assessed with a trend test.

Overall survival in the incident cohort was assessed for each 
cancer site. We used multivariable Cox proportional hazards mod-
els to calculate hazard ratios (HRs) comparing survival for subjects 
in quintile 1 (lowest spending) with that for subjects in quintiles 
2 through 5. The survival models included variables for age, sex, 
race, stage, and comorbidity. Models were adjusted for clustering 
of outcomes by HRRs. The proportional hazards assumption was 
satisfied using the Schoenfeld residuals method. SAS software, ver-
sion 9.2 (SAS Institute Inc, Cary, NC) was used for all analyses. 
Statistical significance was set at P less than .05, and all tests were 
two-tailed.

results
The incident cohort included 61 083 subjects with newly diagnosed 
advanced-stage cancer; all subjects had stage IV cancer with the 
following exceptions: 31% of subjects with NSCLC had stage IIIB 
cancer, and 15% of subjects with pancreas cancer had stage III 
cancer. The decedent cohort included 98 935 subjects with death 
from cancer. Details of cohort selection are shown in Figure  1. 
Subjects were assigned to quintiles of advanced cancer spending 
based on mean 6-month spending within the HRR of residence. 
Details of the demographic composition of cohorts are shown in 
Table 1.

Mean 6-month advanced cancer spending was $33 727 in the 
incident cohort and $33 099 in the decedent cohort. From quintile 
1 to quintile 5, mean overall spending increased by 32% in the 
incident cohort and by 41% in the decedent cohort (incident cohort: 
$28 854 to $37 971; decedent cohort: $27 446 to $38 630). Mean 
spending by quintile is shown graphically in Figure 2. Sensitivity 
analysis of spending estimates was performed using a regression 
model to adjust for individual-level differences in income, 
education, metropolitan residence, and marital status; adjustment 
for these variables did not substantially affect estimates of spending 
variation. Quintile assignments were insensitive to alternative 
weighting schemes for calculating the composite spending measure.

The composite measures of mean regional spending calculated 
from the incident and decedent cohorts were strongly correlated 
(r  =  0.889; P <.001). Strong correlation persisted in a sensitivity 
analysis where the 37% of subjects eligible for both cohorts were 
excluded from the decedent cohort. The spending quintile assign-
ments for HRRs derived from the decedent cohort are shown in a 
map in Supplementary Figure 1 (available online); low-spending 
regions were predominantly located in the Midwest and West, 
whereas high-spending regions were clustered in central New 
Jersey, Southern California, and Louisiana.

We evaluated overall survival among subjects in the incident 
cohort from time of advanced cancer diagnosis until death. The 

median survival was 4.8 months for NSCLC, 7.6 months for colo-
rectal cancer, 3.4  months for pancreas cancer, 15.8  months for 
breast cancer, and 36.5 months for prostate cancer. Kaplan–Meier 
curves of overall survival by cancer site and quintile are shown 
in Figure  3, and adjusted hazard ratios for death are shown in 
Figure 4. The unadjusted analysis showed no consistent survival 
trend by spending quintile for any cancer site. In the adjusted 
survival analysis, no quintile strata for any cancer site showed a 
survival improvement compared with quintile 1. The lowest haz-
ard ratio was seen in quintile 5 subjects with pancreas cancer; 
however, this was not statistically significantly different from the 
reference (HR = 0.92, 95% CI = 0.82 to 1.04; P =.19). Quintiles 
3 and 4 demonstrated statistically significant decreases in survival 
compared with quintile 1 for breast and prostate cancer; the larg-
est survival decrement was seen in quintile 3 subjects with breast 
cancer (HR = 1.24, 95% CI = 1.11 to 1.39; P <.001). Overall, there 
was no consistent association between advanced cancer spending 
and survival outcomes.

To identify drivers of differences in mean regional spending, we 
calculated the use of specific health services by quintile. Because 
increased medical spending has been considered a proxy for aggres-
siveness of care, we also used previously reported metrics (27) to 
characterize the aggressiveness of end-of-life cancer care. Subjects 
in high-spending regions were more likely to be hospitalized and 
admitted to the intensive care unit and consistently received more 
aggressive end-of-life care than subjects in low-spending regions. 
Results are shown in Table 2.

Discussion
We chose to pursue our study in subjects with advanced cancer 
because this population has high treatment costs (8) and, within 
each cancer site, a well-characterized prognosis. Effective interven-
tions to prolong survival in this population are limited. For these 
reasons, regional variation in the intensity of medical care is likely 
to be attributable to health system rather than patient or disease-
specific factors.

Despite substantial regional variation in advanced cancer 
spending, we found no consistent association between spending 
and advanced cancer survival. In the unadjusted survival analysis, 
Kaplan–Meier curves for spending quintiles were entirely over-
lapping for NSCLC, colorectal, and pancreas cancer. Separation 
of survival curves in breast and prostate cancer did not show a 
dose–response relationship to spending. In the adjusted survival 
analysis, increased spending compared with the lowest spending 
regions (quintile 1) was not associated with a statistically significant 
improvement in survival for any cancer site. Modest survival decre-
ments were seen in patients with breast and prostate cancer in quin-
tiles 3 and 4. Overall, point estimates for survival differences were 
small in magnitude and were unlikely to be clinically meaningful.

Previous research has examined the association between 
regional variation in general medical spending and survival with 
disparate results (14–16,29–32). A number of studies of hospital-
level spending have found a positive association between increased 
spending and survival; however, these reports have focused on 
mortality from acute illness in surgical and hospitalized patients 
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Figure 1. Assembly of study cohorts. Exclusion criteria were applied sequentially as listed in the figure. HMO = health maintenance organization; 
HRR = hospital referral region.

Figure 2. Mean 6-month spending for advanced cancer by quintile of regional spending. The left panel shows mean spending in the incident cohort 
stratified by incident cohort spending quintiles. The right panel shows mean spending in the decedent cohort, stratified by decedent cohort spend-
ing quintiles. Error bars represent 95% confidence intervals. NSCLC, non–small cell lung cancer.
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(29–32). Of three previous area-level studies of spending and sur-
vival in chronic disease populations, none showed a consistent 
association between spending and survival (14–16). Our study adds 
to this knowledge base, studying a patient population that accounts 
for approximately half of US cancer deaths and confirming that 
any association between area-level spending and survival is weak 
or nonexistent.

The degree of spending variation we report for subjects with 
advanced cancer is consistent with prior studies of regional varia-
tion in medical spending (12,13). This variation persisted regardless 
of whether spending was measured in the 6 months after advanced 

cancer diagnosis (“look-forward”) or in the 6 months before death 
(“look-backward”), and patterns of spending variation were con-
sistent across the five cancer sites studied.

Our analysis identified differences in the use of inpatient hos-
pital services as a key driver of regional variation in spending for 
advanced cancer. Subjects living in high-spending regions were 
substantially more likely to be hospitalized and to receive intensive 
care. In contrast, we found little or no difference between high- 
and low-spending regions in use of chemotherapy or other outpa-
tient services. Among decedents, there was an inverse association 
between spending and regional rates of hospice use, corroborating 

Figure 3. Unadjusted survival by cancer site and spending quintile. A–E) Kaplan–Meier plots of overall survival by cancer type stratified by spend-
ing quintile. A) Non–small cell lung cancer. B) Colorectal cancer. C) Pancreas cancer. D) Breast cancer. E) Prostate cancer.
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previous findings that end-of-life costs are lower for patients 
enrolled in hospice care (33–35). This result is provocative in the 
context of mounting evidence for the quality-of-life and possible 
survival benefits associated with hospice and palliative care (36,37).

A strength that distinguishes our study from prior reports is the 
use of two well-defined cohorts identified from linked registry and 
claims data. We measured survival in the clinically relevant pop-
ulation of subjects with advanced-stage cancer (stage is a critical 
determinant of outcome that is not identifiable in unlinked claims 
data). Additionally, we estimated spending specific to our popula-
tion of interest rather than using external data sources to catego-
rize the intensity of medical spending. This approach makes our 
analysis more sensitive to specific variation in patterns of cancer 
care, as opposed to the patterns of general end-of-life care that are 
measured by the Dartmouth Atlas end-of-life expenditure index 
(12). Nevertheless, our study confirms that geographic patterns of 
spending in advanced cancer are similar to those observed in gen-
eral Medicare spending.

Our study is limited by the observational design. Our analysis 
assumes that covariables are uniformly recorded; however, previous 
research has shown that comorbid conditions are more likely to be 

recorded in high-spending regions, leading to relative overadjust-
ment for comorbidity in these regions (38). Additionally, we were 
unable to measure patient preferences and quality of life, which 
are important patient-centered mediators of cancer care. Although 
end-of-life care preferences do not appear to vary regionally in 
the United States (39), racial/ethnic differences in end-of-life care 
preferences have been documented (40).

Despite substantial regional variation in Medicare spending 
for advanced cancer, we did not find a consistent or clinically 
meaningful association between spending and survival. Increased 
spending is associated with more frequent and longer hospital 
visits, more intensive care, and decreased rates of hospice use. 
The identification of inpatient hospitalization as a key driver of 
regional variation in advanced cancer spending is an important 
finding at a time when much attention on the cost of cancer care 
has been focused on the cost of chemotherapy. Our findings sug-
gest that health-care providers should be incentivized to develop 
strategies aimed at reducing potentially avoidable hospitaliza-
tions and increasing timely access to palliative care for patients 
with advanced cancer—goals that are consistent with patient-
centered care.

Figure 4. Adjusted survival by cancer site and spending quintile. Hazard ratios (HRs) are shown for quintiles 2 through 5 in comparison with quintile 
1 (reference). Hazard ratios are adjusted for age, race, sex, and comorbidity. Error bars represent 95% confidence intervals for hazard ratio esti-
mates. LCB = lower confidence bound; NSCLC = non–small cell lung cancer; UCB, upper confidence bound.
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