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Abstract

Objectives: End-of-life care is increasingly recognized as an important part of cancer management for many
patients. Current methods to measure end-of-life care are limited by difficulties in identifying cancer cohorts
with administrative data. We examined several techniques of identifying end-of-life cancer cohorts with claims
data that is population-based, geographically scalable, and amenable to routine updating.
Methods: Using Medicare claims for patients 65 years of age and older, four techniques for identifying end-of-
life cancer cohorts were compared; one based on Part A data using a broad primary or narrow secondary di-
agnosis of cancer, two based on Part B data, and one combining the Part A and B methods. We tested the per-
formance of each definition to ascertain an appropriate end-of-life cancer population.
Results: The combined Part A and B definition using a primary or secondary diagnosis of cancer within a win-
dow of 180 days prior to death appears to be the most accurate and inclusive in ascertaining an end-of-life co-
hort (78.7% attainment).
Conclusion: Combining inpatient and outpatient claims data, and identifying cases based upon a broad pri-
mary or a narrow secondary cancer definition is the most accurate and inclusive in ascertaining an end-of-life
cohort.

Introduction

WITH A GROWING POPULATION over 65 years old,1 accurate
measurement of end-of-life medical services in pa-

tients with cancer is an important and understudied dimen-
sion of geriatric care. Although standardized end-of-life co-
horts for Medicare beneficiaries have been defined and
extensively studied,2,3 there has been little effort to develop
disease-specific cohorts, such as for cancer. One barrier to
studies of end-of-life cancer care has the difficulty in as-
signing the cause of death to cancer for large populations.

Medicare data is one approach to measuring end-of-life
cancer care with several advantages. Medicare claims files
are readily available to researchers and include the popula-
tion-based medical care experience of the elderly. Analyses
can include the full range of utilization and are also amenable
to routine updating over time.

The goal of this study was to develop a cohort of Medicare
end-of-life patients using claims files. We developed several
methods for identifying Medicare beneficiary decedents with
a diagnosis of cancer and then evaluated them for cohort size

and the likelihood that cancer was a major contributing cause
of death.

Methods

Four cancer cohorts were based on fee-for-service
Medicare beneficiaries Part A and B eligible age 65 years
and older for the period 2001 to 2005. We first identified
beneficiaries who died, and then searched within defined
periods prior to death for utilization events indicating that
the patient had cancer. Cohorts were then evaluated on the
basis of the number of beneficiaries assigned to the cohort
and the likelihood that patients receiving hospice care with
a principal diagnosis of cancer were also found within the
cohort.

Duplicate claims and claims with an allowable charge of
$0 were excluded from the analyses. Patients were classified
as black or non-black, based on the work of others advocat-
ing this dichotomization, and availability of racial data in the
Medicare claims dataset.2

The first cohort included decedents whose last inpatient
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stay from the MedPAR file had a principal diagnosis of can-
cer (Part A Definition) (ICD-9 codes: 140-208 or 239.0-239.9,
excluding V codes) or with a secondary diagnosis of cancer
considered to be metastatic or with a poor prognosis, based
on previous work by Iezzoni et al.4 (see Appendix available
online at www.liebertpub.com/jpm). By using a secondary
diagnosis of cancer identified as severe, we were able to cap-
ture those subjects admitted to the hospital for a potentially
associated condition (e.g., pneumonia), even though the sec-
ondarily listed cancer diagnosis was the likely cause of sub-
sequent death.

In the next two cohorts, we used diagnoses on physician
and other clinician claims indicate the presence of cancer.
This method included patients with cancer without a recent
hospital discharge related to their terminal illness but who
received outpatient care. These cohort definitions used a 20%
beneficiary sample Carrier File of Medicare Part B physician
claims (Part B thereafter). These files contain dates of service
and associated diagnosis codes for each physician claim for
an individual enrolled in Medicare Part B.5 The second co-
hort included patients who had claims with a primary di-
agnosis of cancer within the time frames specified above
(Broad Definition). A diagnosis meeting these criteria had to
occur two or more times, at least 6 days apart but not more
than 120 days apart, with the later of the two claims occur-
ring within the designated period from death. We then de-
fined a third cohort using Part B data, but added a secondary
diagnosis of a restricted set of severe cancers, similar to co-
hort 1 (Combined Definition).

Finally, we defined a fourth cohort based on the union of
Part A and Part B claims from the sources above (Combined
Part A Part B Definition). We selected a 20% beneficiary sam-
ple of the 100% Part A file comparable to the 20% Part B file.
This sample was joined with the subjects in the Part B co-
hort that had a primary or secondary diagnosis of cancer us-
ing the methods outlined above.

We evaluated these cohorts four ways. First, we compared
the number of deceased beneficiaries identified by each co-
hort with the U.S. vital records6 estimates of the number of
cancer deaths in those over 65 for the target year. Second, if
the cohort members died of cancer, we would expect that a
reasonable proportion of them would receive hospice ser-
vices. We calculated rates of hospice utilization for the en-
tire cohort using the Medicare Hospice File. Hospice enroll-
ment was defined as the “admission” to hospice services,
regardless of location, nearest to death.

Third, we assumed that the principal diagnosis in a hos-
pice admissions was the likely cause of death7 and then cal-
culated the proportion of hospice patients with a cancer di-
agnosis that was also identified by our defined cohorts.
Higher scores on this proportion indicate better “sensitiv-
ity” of a given cohort definition for detecting cases that died
of cancer.

Finally, we calculated the proportions of true-positives
within the cohorts. The denominator consisted of all mem-
bers of a given cohort admitted to hospice, and the nu-
merator the subset of those cases whose primary diagno-
sis for admission to hospice was cancer. Higher scores on
this statistic indicated a given cohort definition identified
a high proportion of true-positive cases in those receiving
hospice care, and excluded cases that died of noncancer di-
agnoses.

Results

Based on a death year of 2005 and a 180-day predeath win-
dow, the Combined Part A Part B definition identified 58,978
patients representing 294,890 nationally when upweighted
to 100% (Table 1). Adjusting this number for risk bearing
HMO beneficiaries excluded from the analysis (6.1 million
of 43 million total enrollees in 2005),8 this cohort was 88.5%
of the estimated number of deaths from cancer age older than
65 years in non-HMO patients according to 2005 U.S. vital
records (333,337).6

The proportion of cohort members in 2005 receiving hos-
pice benefits varied from 53% to 57% depending on the co-
hort definition. Hospice use increased monotonically from
2001–2005. These are rates are consistent with the upward
trend of hospice care in cancer patients reported by Mc-
Carthy et al.9

Comparing the proportion of patients admitted to hospice
with a primary diagnosis of cancer who were also found in
the study cohorts assessed the sensitivity of the various co-
hort definitions to identify patients who died of cancer (Table
2). The Combined Part A Part B Cohort identified 80.1% of
hospice patients with a primary diagnosis of cancer, sug-
gesting this cohort definition is the most sensitive definition
for identifying those who died of cancer. These results were
consistent for all 5 years of data and for all three inclusion
time windows.

Examining solely the cohort members who were admitted
to hospice, Table 3 shows the proportion for which the prin-
cipal hospice diagnosis was cancer. The Combined Part A
cohort definition achieved slightly higher levels (around
95%) indicating the proportion of true positive to false pos-
itives is slightly higher in this cohort than the others.

Discussion

Varying definitions of cancer and place of service affect
the number of patients identified for end of life cancer co-
horts. Our analyses show that a cohort definition based on
a union of Part A and Part B Medicare claims data, using a
180-day window prior to death, includes the largest number
of patients while still overlapping with hospice patients with
a principal diagnosis of cancer. The 180-day window corre-
sponds to the 6-month eligibility criteria established by
Medicare,10 and is consistent with data showing that the ma-
jority of patients enroll in hospice in the 180 days prior to
death.9

By taking advantage of national Medicare claims data as
opposed to data sets limited to selected states or a health care
system, we are more confident that our cohort definition is
nationally representative of the elderly population. While no
indicator of cause of death is perfect, our claims-based mea-
sure may have advantages over methods based on death cer-
tificates given research questioning the accuracy of vital sta-
tistics recording.11–13 These studies suggest that cancer is
often not listed as the underlying cause of death, leading to
underestimation of cancer cases. By including the entire fee-
for-service Medicare aged population, our cohort definition
has the additional value of applicability to analyses at na-
tional, regional, state, county, or health service area levels.

There are a number of limitations in this approach.
Medicare data cannot account for cancer patients who are
under 65 years old and who are not disabled. Our definition
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TABLE 2. OF THOSE PATIENTS IN HOSPICE WITH A PRIMARY DIAGNOSIS OF CANCER, PROPORTION

OF PATIENTS ASCERTAINED IN VARIOUS COHORT DEFINITIONS WITH DIAGNOSIS OF CANCER

Part B Definitionsa

Of those in Of those in
Of those in hospice, % hospice, % Of those in

# of hospice, % within within hospice, % within
Days patients in with Part A broad combined combined Part A

Death before hospice cancers definition definition and Part B
year deathb with cancer cohortc cohortd cohortc definition cohortc

2005 365 189,432 44.5 69.2 70.7 82.2
270 186,555 43.6 67.9 69.5 81.3
180 180,841 42.1 66.0 67.9 80.1

2004 365 185,480 45.2 70.3 71.7 83.2
270 182,754 44.1 68.8 70.4 82.3
180 176,961 42.6 66.7 68.5 80.9

2003 365 180,699 45.7 71.5 73.0 83.9
270 178,049 44.6 70.1 71.6 82.9
180 172,600 42.9 67.9 69.7 81.4

2002 365 175,455 45.8 71.1 72.4 83.2
270 172,849 44.6 69.7 71.2 82.3
180 167,500 42.9 67.4 69.1 80.6

2001 365 166,780 46.4 70.2 71.7 82.8
270 164,387 45.2 68.9 70.5 81.8
180 159,380 43.4 66.7 68.4 80.2

aTwenty percent sample, up-weighted to 100%.
bMaximum time span in days from death to admission date of last hospitalization.
cFirst diagnosis is ICD-9 codes 140–208 or 239.0–239.9, excluding V codes, or second diagnosis using Iezzoni definition, Appendix (avail-

able online at www.liebertpub.com/jpm).
dICD-9 definition: 140–208 or 239.0–239.9, excluding V code.

TABLE 3. OF COHORT MEMBERS WHO ENTER HOSPICE, PROPORTION THAT HAVE A PRIMARY HOSPICE DIAGNOSIS OF CANCER

Part B Definitionsb

Part A Definitiona Broad Definitionc Combined Definitiona

% with % with % with % with
1st 1st 1st 1st

Days hospice hospice hospice hospice
before dx as dx as dx as dx as

Death Year deathd # beneficiaries cancer # beneficiaries cancer # beneficiaries cancer # beneficiaries cancer

2005 365 89,035 94.9 153,240 89.3 157,355 89.0 180,275 88.9
270 85,776 94.8 146,930 90.5 151,295 90.2 174,600 89.9
180 80,330 94.8 136,405 92.0 141,155 91.7 165,025 91.2

2004 365 88,114 95.2 152,265 89.0 156,080 88.8 178,455 88.8
270 84,809 95.1 145,050 90.5 149,155 90.3 172,125 90.1
180 79,409 95.1 134,180 92.2 138,560 92.0 162,245 91.6

2003 365 86,563 95.4 151,425 88.8 155,190 88.6 175,320 88.7
270 83,214 95.4 145,130 90.1 149,025 89.9 169,710 89.9
180 77,736 95.3 134,315 91.8 138,605 91.6 159,965 91.4

2002 365 84,104 95.7 144,710 90.0 147,980 89.9 166,925 89.8
270 80,743 95.6 138,635 91.3 142,220 91.2 161,635 91.0
180 75,269 95.6 128,260 92.8 132,355 92.6 152,460 92.3

2001 365 80,791 95.8 134,945 90.6 138,080 90.4 156,460 90.6
270 77,581 95.8 129,775 91.7 132,995 91.5 151,720 91.5
180 72,289 95.7 120,625 93.1 124,195 92.9 143,550 92.7

aFirst diagnosis is ICD-9 codes 140–208 or 239.0–239.9, excluding V codes, or second diagnosis using Iezzoni definition, Appendix (avail-
able online at www.liebertpub.com/jpm).

bTwenty percent sample, up-weighted to 100%.
cICD-9 definition: 140–208 or 239.0–239.9, excluding V code.
dMaximum time span in days from death to admission date of last hospitalization.

Combined Part A or B
Definitiona,b



relies on claims data, and not chart abstraction or other mea-
sures that might better indicate a diagnosis of cancer in the
last months of life. It is possible that some patients were ex-
cluded from our cohort, particularly from the Part A defini-
tion, if a cancer diagnosis was listed lower than a primary
or secondary diagnosis in the discharge records. This would
negatively impact the sensitivity of our measure, but should
do little to affect the specificity.

Using a cohort definition based on joined Medicare Part
A and B data and a primary or secondary diagnosis of can-
cer, with a more severe secondary diagnosis, appears to
yields the most appropriate nationally representative sam-
ple of cancer deaths for age older than 65. These cohorts will
allow for analysis of trends and regional variation in cancer
care near the end of life.
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