Original Article

Mortality following bone metastasis and skeletal-related
events among patients 65 years and above with lung
cancer: A population-based analysis of U.S. Medicare
beneficiaries, 1999-2006

Nalini Sathiakumar, Elizabeth Delzell, Michael A. Morrisey, Carla Falkson’, Mellissa Yong? Victoria Chid?,
Justin Blackburn, Tarun Arora, Meredith L. Kilgore

School of Public Health, University of Alabama at Birmingham. 1665 University Blvd, Birmingham, AL. 35294-0022, 'School of Medicine,
University of Alabama at Birmingham, 1530 3 Ave. South, Birmingham, AL. 35294-3412, *Global Epidemiology, Amgen Inc. One Amgen
Center Drive, MS 24-2-A, Thousand Oaks, CA, USA

ABSTRACT

Background: To quantify the impact of bone metastasis and skeletal-related events (SREs) on mortality among older
patients with lung cancer. Materials and Methods: Using the linked Surveillance, Epidemiology and End Results-Medicare
database, we identified patients aged 65 years or older diagnosed with lung cancer between July 1, 1999 and December
31, 2005 and followed them to determine deaths through December 31, 2006. We classified patients as having possible
bone metastasis and SREs using discharge diagnoses from inpatient claims and diagnoses paired with procedure codes
from outpatient claims. We used Cox regression to estimate mortality hazards ratios (HR) among patients with bone
metastasis with or without SRE, compared to patients without bone metastasis. Results: Among 126,123 patients with
lung cancer having a median follow-up of 0.6 years, 24,820 (19.8%) had bone metastasis either at lung cancer diagnosis
(9,523, 7.6%) or during follow-up (15,297, 12.1%). SREs occurred in 12,665 (51%) patients with bone metastasis. The
HR for death was 2.4 (95% CI = 2.4-2.5) both for patients with bone metastasis but no SRE and for patients with bone
metastasis plus SRE, compared to patients without bone metastasis. Conclusions: Having a bone metastasis, as
indicated by Medicare claims, was associated with mortality among patients with lung cancer. We found no difference in
mortality between patients with bone metastasis complicated by SRE and patients with bone metastasis but without SRE.
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INTRODUCTION

Lung cancer is the third most common cancer diagnosed
and the most common cause of cancer-related death
among both men and women in the United States (US).["
The American Cancer Society!® estimates that in 2012,
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226,160 patients (men, 116,470; women, 109,690) will be
diagnosed with lung cancer and 160,340 (men, 87,750;
women, 72,590) will die from the disease.?!

Lung cancer is often diagnosed at an advanced stage of
disease, as early-stage disease is often asymptomatic.
The stage distribution of lung cancer cases diagnosed in
1999-2006 included in the Surveillance, Epidemiology and
End Results (SEER) program were: distant metastasis at
diagnosis, 56%; regional metastasis, 22%; localized, 15%;
and unstaged, 8%.!" Males and females had similar stage
distributions. Stage of disease was a strong risk factor for
survival, with advanced disease having much lower five-
year survival compared to early disease. From 1999-2006,
the SEER program reported that the five-year relative
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survival was 3.5% for distant stage at diagnosis, 24% for
regional stage and 52.9% for localized stage.

Bone is one of the most frequent sites of metastasis in
patients with lung cancer.! Bone metastases from lung
cancer are primarily osteolytic.”! These osteolytic lesions
undermine the structural integrity of bone placing lung
cancer patients at an increased risk for skeletal-related
events (SREs) such as pathological fractures, spinal cord
compression and severe pain requiring radiotherapy or
surgery for bone lesions.%® These skeletal complications
result in impaired mobility and reduced quality of life
adding substantially to the overall burden of disease in
patients with lung cancer.”!

Data are limited on the occurrence and outcomes of bone
metastasis and SREs among elderly patients who develop
lung cancer. A few studies have reported results pertaining
to the occurrence of bone metastasis and of SREs among
lung cancer patients with bone metastases,’®'*!" but none
have focused on older patients. We therefore undertook
this study to quantify the impact of bone metastasis and
SREs on mortality among older lung cancer patients by
analyzing a combined population-based cancer registry
and the Medicare claims database.

MATERIALS AND METHODS

Data source

We analyzed linked SEER-Medicare data for the time
period 1999-2006.">" The SEER program, supported
by the National Cancer Institute (NCI), collects cancer
incidence and survival data from population-based
cancer registries from selected geographic areas. During
the time period of the present study, the SEER program
covered 14 to 26% of the US population from 9 to 13
geographic areas. The SEER data included information
on patient demographics, date of cancer diagnosis, tumor
stage and other characteristics at diagnosis and summary
information on treatments received soon after diagnosis.
The Medicare program, administered by the Centers
for Medicare and Medicaid Services, covers 97% of US
population ages =65 years.!'¥ Medicare data included
demographic information on beneficiaries and claims data
from hospitals and other institutional and non-institutional
providers. The Medicare claims data included dates of
service, diagnosis codes (International Classification of
Diseases Ninth Revision (ICD-9)) and procedure codes
(current procedural terminology (CPT).

Study population

We identified a cohort of patients aged 65 years or older
and having a SEER record of a new diagnosis of lung
cancer between July 1, 1999 and December 31, 2005
and used SEER and Medicare data to determine possible
occurrence of bone metastasis, SREs and deaths occurring
through December 31, 2006. We required each subject to
have a baseline period of at least six months of full fee-
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for-service Medicare coverage before his/her lung cancer
diagnosis date. The claims data from this baseline period
provided information on the presence of comorbidities,
and on the presence of possible bone metastasis and SREs
at diagnosis (based on ICD-9 codes). We excluded patients
who did not have both Medicare Part A and Part B coverage
and those who were enrolled in a Medicare Advantage
plan during the baseline period because we did not have
complete Medicare claims data on the services they may
have received. In all analyses, we censored subjects if they
died or lost full fee-for-service coverage before the end of
2006 (e.g., if their coverage changed such that we did not
have access to all of their medical claims).

Bone metastasis and SREs

Bone metastasis, with or without evidence of SREs, was
the time-dependent exposure variable of main interest
in our analyses. Throughout this paper, we apply the
term “bone metastasis” and “SREs” to patients who have
claims-based evidence of these conditions. We used
the following Medicare claims data as evidence of bone
metastasis: a) at least one inpatient claim with an ICD-9
diagnosis code of 198.5 (“secondary malignant neoplasm
of bone and bone marrow”) as the primary or secondary
discharge diagnosis; b) at least one outpatient claim with a
diagnosis code of 198.5, paired with a code for procedures
used to diagnose or treat bone metastasis; or c) at least one
outpatient physician evaluation and management claim
with a diagnosis code of 198.5 (above algorithm available
on request). We classified subjects as having concurrent
bone metastasis at the time of diagnosis if they had a
claim in the month of the lung cancer diagnosis or in the
preceding month. Among subjects without concurrent
bone metastasis at diagnosis, we identified new bone
metastasis as the earliest occurrence of one of the above
claims patterns at any time during follow-up.

For the purpose of this study, we defined SREs as
one or more of the following conditions, occurring
concurrently with or after the first bone metastasis:
Fractures, radiotherapy to bone, surgery to bone and spinal
cord compression. We identified SREs using combinations
of diagnosis and procedure codes from inpatient and/or
outpatient claims (codes available on request). We classified
an SRE as concurrent with bone metastasis if it occurred
within 30 days before or after the earliest bone metastasis
date and as subsequent to bone metastasis if it occurred
at any time more than 30 days after the bone metastasis
date. We excluded from the analysis patients with claims
suggesting bone metastases occurring more than 30 days
prior to the lung cancer diagnosis (n = 570). The excluded
patients comprising of 2% of overall patients with bone
metastases had similar demographic characteristics as the
bone metastases patients included in the analysis but were
more likely to have unstaged and unspecified histology.

Mortality
The outcome of interest was mortality. We obtained
information on date of death using the combined SEER
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registry and Medicare claims data. We used the concordant
date of death in these two sources, if there was agreement
between them. If they were discrepant, we used the SEER
death date. If the SEER date of death was missing, we used
the Medicare date of death.

Covariates

From the SEER data, we obtained information on age,
gender, race/ethnicity and stage at cancer diagnosis.
From the Medicare claims data, we obtained information
on comorbidities. We computed each person’s Charlson
comorbidity score on the basis of ICD-9 diagnosis codes

in his/her inpatient records for the 17 medical conditions
[Table 1] comprising the Charlson index in the 12-month
period prior to the month of cancer diagnosis. In computing
the Charlson index, we used the approach described by
Romano et al,’**' and updated by Quan et al.l**!

Statistical analysis

Descriptive analyses of the cohort included frequency
distributions and median values, where applicable. We
computed the proportion of patients with lung cancer
having claims-based evidence of bone metastasis at one
year from diagnosis for the overall cohort of lung cancer

Table 1: Characteristics of patients with lung cancer, total cohort and according to bone metastasis status: SEER-

Medicare, July 1, 1999-December 31, 2006

Characteristic Total cohort With bone metastasis* Without bone metastasis
N (%) N (%) N (%)
All subjects 126,123 (100) 24,820 (100) 101,303 (100)
Age at cancer diagnosis
65-69 24,415 (19) 5,871 (24) 18,544 (18)
70-74 32,097 (25) 7,077 (29) 25,020 (24)
75-79 32,512 (26) 6,466 (25) 26,046 (26)
80-84 22,670 (18) 3,733 (15) 18,937 (19)
85+ 14,429 (12) 1,673 (7) 12,756 (13)
Median 75.0 74.0 76.0
Race/ethnicity
White 107,075 (85) 21,050 (86) 86,025 (85)
African American 10,146 (8) 1,845 (7) 8,301 (8)
Hispanic American 3,987 (3) 849 (3) 3,138 (3)
Other 4,915 (4) 1,076 (4) 3839 (4)
Gender
Men 67,219 (53) 13,554 (55) 53,665 (53)
Women 58,904 (47) 11,266 (45) 47,638 (47)
Stage at cancer diagnosis
Localized 23,821 (19) 2,026 (8) 21,795 (22)
Regional 30,365 (24) 4,030 (16) 26,335 (26)
Distant 59,319 (47) 17,687 (72) 41,632 (41)
Unstaged 12,618 (10) 1,077 (4) 11,541 (11)
Year of cancer diagnosis
1999 4,409 (4) 879 (4) 3,530 (3)
2000 18,759 (14) 3,698 (15) 15,061 (15)
2001 19,440 (15) 3,776 (15) 15,664 (15)
2002 20,218 (16) 3,960 (16) 16,258 (16)
2003 21,242 (17) 4,330 (17) 16,912 (17)
2004 21,203 (17) 4,210 (17) 16,993 (17)
2005 20,852 (17) 3,967 (16) 16,885 (17)
Histology
Small cell 13,857 (12) 3,232 (13) 10,625 (10)
Non-small cell 100,927 (80) 20,370 (82) 80,557 (80)
Sarcoma 250 (0) 52 (0) 198 (0)
Other specified 839 (0) 183 (1) 656 (1)
Unspecified 10,250 (8) 983 (4) 9,267 (9)
Charlson comorbidity score’
0 102,532 (81) 21,035 (85) 81,497 (80)
1 2,692 (2) 525(2) 2,167 (2)
2 7,562 (6) 1,345 (5) 6,217 (6)
3+ 13,337 (11) 1,915 (8) 11,422 (12)
Median 0 0 0
Observation time*
Median (25" —75" percentile) 0.6 (0.2-1.5) 0.5(0.2-1.2) 0.6 (0.2-1.6)
Deceased at the close of the study 106,714 (85) 23,581 (95) 83,133 (82)

“Bone metastasis at time of cancer diagnosis or subsequent to cancer diagnosis. "Before diagnosis of lung cancer. Score based on 17 medical conditions:
Acquired immune deficiency syndrome (AIDS), myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease,
dementia, chronic pulmonary disease, connective tissue disease, peptic ulcer disease, mild liver disease, moderate/severe liver disease, diabetes, diabetes
with end stage organ disease, hemiplegia, moderate/severe renal disease, any malignant tumor (other than lung cancer)/leukemia/lymphoma, or

metastatic solid tumor. *Diagnosis date to death or end of follow-up
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cases and for subgroups specified by tumor stage at
diagnosis.l"”® For these computations, we selected patients
diagnosed with lung cancer from July 1, 1999 through
December 31, 2005, so that these patients would have a
potential observation period of at least one year post lung
cancer diagnosis. Other analyses, described below, were
unrestricted with regard to length of observation.

We used Cox regression to estimate mortality hazards
ratios (HRs) and 95% confidence intervals (CIs) among
patients with bone metastasis with or without SREs,
compared to patients without bone metastasis, adjusting
for covariates.'”! We also estimated mortality HRs for
subgroups specified by initial tumor stage, age, gender
and race/ethnicity at cancer diagnosis. Confounders
were categorical forms of age at cancer diagnosis (65-69,
70-74, 75-79, 80-84, 85+), gender (male, female), race
(white, African American, Hispanic American, other),
stage at lung cancer diagnosis (distant, localized, regional,
unstaged), and Charlson comorbidity score (0, 1, 2, 3+).
Analyses were performed using SAS.

This study was approved by the UAB Institutional Review
Board and by the NCI SEER-Medicare Program.

RESULTS

The overall cohort of 126,123 patients were predominantly
white (85%) with a median age at diagnosis of 75 years
and a median follow-up of 0.6 years [Table 1]. About 41%
of patients had distant stage of the disease at diagnosis.
Eighty-one percent of patients had non-small cell lung
cancer. During the study period, 24,820 (19.8%) patients
had claims-based evidence of bone metastasis either
concurrently with the diagnosis of lung cancer diagnosis
(n = 9,523) or during follow-up (n = 15,297). The median
time from cancer diagnosis to bone metastasis was
5.4 months among patients without a bone metastasis at
diagnosis.

Bone metastasis at lung cancer diagnosis or during
follow-up

Patients with, compared to those without, a bone
metastasis were more likely to have distant stage disease
(72% vs. 41%) and to have died by the end of the study
period (95% vs. 82%) [Table 1]. The two groups (patients
with and without bone metastasis) were similar with regard
to age, race/ethnicity, gender, year of diagnosis, histology,
comorbidity score and length of follow-up.

Figure 1 displays the proportion of patients with
evidence of bone metastasis at one year post lung
cancer diagnosis, according to stage at diagnosis, among
the 126,123 patients (localized, n = 23,821; regional,
n = 30,365; distant, n = 59,319; unstaged, n = 12,618)
diagnosed with lung cancer from July 1, 1999 through
December 31, 2005. At one year post diagnosis of lung
cancer, the proportion with evidence of bone metastasis
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Figure 1: Proportion of 126,123 patients with lung cancer who had
evidence of bone metastasis within 1 year by stage

was 21% for all stages combined and was 38% for distant,
129% for regional, 11% for unstaged and 5% for localized
stages at primary cancer diagnosis. When restricted to
patients with non-small cell lung cancer, the proportion
with evidence of bone metastasis at one year post
diagnosis was 21% for all stages combined and was 39%
for distant, 11% for regional, 13% for unstaged and 5%
for localized stages.

SRE concurrent with or subsequent to bone metastasis
Of the 24,820 patients with a possible bone metastasis,
12,665 (51%) had evidence of a concurrent (n = 11,015,
44%) or subsequent (n = 1,650, 7%) SRE (data not
displayed in a table). Among the 12,665 patients with
an SRE, most (n = 10,598, 84%) presented with only
one skeletal complication at the first diagnosis of an
SRE. Of the 10,598 presenting with a single skeletal
complication, 8,357 (79%) had radiotherapy to bone,
1,509 (14%) experienced a fracture, 645 (6%) had spinal
cord compression and 87 (1%) had surgery to bone.

Of 12,665 patients with SRE, 2,067 (16%) had more than
one skeletal complication at the first diagnosis of an SRE. Of
these 2,067 patients, 969 (47%) had radiation to bone plus
fracture, 617 (30%) had radiation to bone plus spinal cord
compression, 183 (9%) had radiation to bone plus fracture
plus spinal cord compression, 125 (6%) had fracture plus
spinal cord compression; all other combinations accounted
for <3% each. Overall, 81% of patients with SRE had
radiotherapy to bone either diagnosed as the only SRE or
in combination with other SREs.

Among the 2,481 patients who developed a fracture,
regardless of whether it was an SRE by itself or in
combination with other SREs, 1,625 (65%) had a
fracture coded as pathological. The most common site of
pathological fracture was the spine (n = 991), followed by
hip (n = 290), femur (n = 185), humerus (n = 141), tibia/
fibula (n = 14), and distal radius/ulna (n = 4).
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Table 2: Hazard ratio (HR) for death in relation to bone metastasis and other factors among patients with lung
cancer: SEER-Medicare, July 1, 1999-December 31, 2006

Variable in Cox regression model Deaths/PYs HR 95% CI
Bone metastasis at or subsequent to diagnosis

None 83,133/132,988 1.0 (referent) -

Yes, without SREs 11,482/5,382 24 (24,2.5)

Yes, with SREs 12,099 /5,302 24 (24,2.5)
Age at cancer diagnosis

65-69 19,320 /33,628 1.0 (referent) -

70-74 26,334 /41,783 1.1 (1.1, 1.1)

75-79 27,519 /37,163 1.3 (1.2,1.3)

80-84 20,084 /21,275 1.5 (1.5,1.6)

85+ 13,457 /9,824 2.0 (1.9,2.0)
Race/ethnicity

White 90,441/123,502 1.0 (referent) -

African American 8,870/ 10,262 1.1 (1.1, 1.1)

Hispanic American 3,390/4,112 1.0 (1.0, 1.1)

Other 4,013/5,797 0.9 (0.8,0.9)
Gender

Men 58,406 / 70,875 1.0 (referent) -

Women 48,308 /72,798 0.9 (0.9,0.9)
Stage at cancer diagnosis

Distant 56,564 /36,078 1.0 (referent) -

Localized 14,144 /53,818 0.3 (0.3,0.3)

Regional 24,092 / 44,646 0.5 (0.5,0.5)

Unstaged 11,914/9,131 1.0 (1.0, 1.0)
Charlson comorbidity score

0 85,690/122,151 1.0 (referent) -

1 2,274 /3,030 1.1 (1.0, 1.1)

2 6,594 /7,647 1.2 (1.2,1.2)

3+ 12,156 /10,844 1.4 (1.4,1.5)

*HRs for each variable are adjusted for all other variables in the table

Mortality in lung cancer patients with and without bone
metastasis and SREs

Table 2 displays HRs for death in relation to possible
bone metastasis and SREs, adjusted for age at cancer
diagnosis, race/ethnicity, gender, stage at cancer
diagnosis and Charlson comorbidity score. The HR for
risk of death was 2.4 (95% CI = 2.4-2.5), both for patients
with bone metastasis but no SRE and for patients with
bone metastasis plus SRE, compared to patients without
bone metastasis. Stage-specific analyses indicated that
HRs associated with bone metastasis complicated with
SRE ranged from 2.0 (95% CI = 1.9-2.0) for distant stage
disease at cancer diagnosis to 7.3 (95% CI = 6.8-7.8)
for localized disease at diagnosis, and bone metastasis
without SRE ranged from1.9 (95% CI = 1.9-2.0) for
distant stage at diagnosis to 6.1 (95% CI = 5.7-6.5) for
localized stage [Table 3].

HRs for death in relation to bone metastasis in white
patients were similar to those for African American
patients (white: HR = 2.4, 95% CI = 2.4-2.5); African
American, HR = 2.3, 95% CI = 2.2-2.4) (data not
displayed in a table). HRs for death among men and
women were also similar with regard to bone metastasis
(men, HR = 2.4, 95% CI = 2.4-2.5; women, HR = 2.5, 95%
CI = 2.4-2.5). We found a positive association between
bone metastasis and with bone metastasis complicated
with SRE and mortality in all categories of age groups
(65-69, 70-74, 75-79, 80-84, 85+).
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Table 3: Adjusted hazard ratio (HR)* for death in
relation to bone metastasis and skeletal-related factors
(SREs) among men with lung cancer, by stage at
diagnosis: SEER-Medicare, July 1, 1999-December 31,
2006

Bone metastasis
No Yes, without SRE Yes, with SRE

83,133 11,482 12,099
Localized HR (95% CI) 1.0 (referent) 6.1 (5.7, 6.5) 7.3(6.8,7.8)
Regional HR (95% CI) 1.0 (referent) 3.7 (3.6, 3.9) 4.44.2,47)
Distant ~ HR (95% CI) 1.0 (referent) 1.9 (1.9, 2.0) 2.0(1.9,2.0)
Unstaged HR (95% CI) 1.0 (referent) 2.8 (2.6, 3.1) 2.5(2.2,2.7)

*HRs for each variable are adjusted for age at cancer diagnosis, gender,
race/ethnicity and Charlson comorbidity score

DISCUSSION

We found that about 19.8% of patients 65 years or older
with newly diagnosed lung cancer included in the SEER
program from July 1999 to December 2005 presented with
or subsequently had evidence of a possible bone metastasis
as indicated by Medicare claims. SREs were common,
occurring in 51% of these patients. Among patients with
a potential follow-up time of one year post lung cancer
diagnosis, the proportion with bone metastasis was 21%
overall and 38% for distant stage of lung cancer. Having
a possible bone metastasis was associated with mortality
among patients with lung cancer; the association was
similar for bone metastasis complicated with an SRE and
for bone metastasis without an SRE.
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The skeleton is a frequent site of metastasis in patients with
non-small-cell lung cancer which is the most common type
of lung cancer.! About 85% of lung cancer cases included
in the SEER program have a non-small cell histology.™* In
our data, 80% of patients had non-small cell lung cancer.
Bone metastasis may be asymptomatic at onset and thus,
are likely to be under-diagnosed resulting in inaccurate
staging of lung cancer at diagnosis.'?”! Studies report that
the prevalence of bone metastasis among patients who
report bone pain is almost similar to patients who did not
report bone pain (27-32% vs. 16-27%).12*?*! Prior to 1991,
several studies found skeletal metastases in non-small cell
lung cancer to range from 8% to 34%.125*Y With the advent
of newer imaging techniques such as the positron emission
tomography (PET) in the 1990s, bone metastasis has been
noted to range from 24% to 30% for non-small cell lung
cancer.’*%! The preceding results are consistent with our
finding that 21% of Medicare non-small cell lung cancer
patients had possible bone metastasis within a year of lung
cancer diagnosis.

Lung cancer has a high potential to metastasize. During
1999-2006, the SEER program reports that 56% of lung
cancer patients were classified as having distant stage at
the time of disease diagnosis. In the present study, 41% of
patients had distant disease at diagnosis. Bone metastases
are common in patients with distant stage of lung cancer.®
In the present study, we found that 38% of patients with
distant stage lung cancer had possible bone metastasis
within a year of their cancer diagnosis. This result is
consistent with findings from other studies which have
reported that 30-40% of lung cancer patients with distant
metastatic disease had a bone metastasis at diagnosis
or subsequently developed a bone metastasis.¢% In
addition, autopsies of patients dying of lung cancer
indicated that up to 30-40% had evidence of metastatic
bone disease.[’!

In the present study, we found that 51% of patients with
possible bone metastasis had one or more SREs. This result
agrees with findings from a retrospective observational
study using data from a health insurance claims database
in the US which reported that SREs occurred in 55% of
534 lung cancer patients with bone metastasis.[*! Clinical
trials of lung cancer have found that SREs occurred in
48% to 50% of patients with bone metastasis.®!!! In our
study, radiotherapy (81% of patients with SRE) to bone was
the most common SRE followed by fracture, spinal cord
compression and surgery to bone. Other investigators!**!
noted similar findings. We observed that among patients
with fractures, 65% (or 13% of patients with SRE) had a
pathological fracture with the spine as the most common
site of occurrence followed by pelvis and extremities.
Other studies report that 7-10% of non-small lung cancer
patients with SREs developed pathological fractures.23336!

Our results indicated that having a bone metastasis was
associated with mortality among lung cancer patients. The
lack of an additional effect of SRE on mortality among
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patients with bone metastasis may be due to the short
survival time in lung cancer patients compared to other
tumor types. Our companion studies of breast and prostate
cancer, cancers with relatively longer survival time, found
stronger associations for bone metastasis complication
by SRE than for bone metastasis without SRE.¥7#® OQur
finding of a stronger association of bone metastasis and for
bone metastasis complicated with SRE for patients with
localized stage lung cancer than for those with distant
metastatic lung cancer at diagnosis may reflect the low
mortality among patients with early stage disease and no
bone metastasis.

The strengths of the study include the use of the large
population-based SEER cancer registry data with
pathologically confirmed cancer and the focus on lung
cancer in the elderly. The combined cancer registry and
Medicare data provide a unique opportunity to evaluate
the clinical progress of lung cancer. Other advantages of
the SEER data include the continuity of data over time
and the quality control measures instituted to ensure
completeness of case ascertainment in the participating
cancer registries.

The main limitations of our study stem from the
characteristics of the SEER-Medicare data. Our study was
limited to patients aged 65 years or older diagnosed with
lung cancer between 1999 and 2005, who had Medicare
Part A and B coverage and who resided in one of the
SEER geographic areas. Medicare data do not include
claims of Health Maintenance Organization enrollees, care
provided in other settings like the Veterans Administration,
reimbursement of covered services not captured by the
Medicare data such as out-of-pocket expenditures or
coverage provided by Medigap, or long term care at home
or nursing homes.® Therefore, our results will not be
generalizable to patients less than 65 years of age and may
not represent patients aged 65 years and older who resided
in geographic areas not included in the SEER program
who had only had Medicare Part A coverage or who were
enrolled in Medicare Advantage plan. Second, we have not
validated the procedures used to identify bone metastasis
in this study. We identified possible bone metastasis
from inpatient claims or outpatient claims paired with
selected procedure codes, an approach designed to reduce
false positives. Despite this approach, we may still have
included false positive cases. It is also possible that we
may have missed true cases in instances where claims were
not obtained from the relevant facilities or where claims
were obtained but not coded as bone metastasis. Third, it
is possible that the mortality differences we noted for bone
metastasis or bone metastasis plus SRE compared to those
without these outcomes may be due to other confounding
factors such as treatment factors or concurrent comorbid
conditions that were not included in our analysis. Finally,
the data do not include information on functional status
of patients, a predictor of outcomes.
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CONCLUSION

In conclusion, the present study found that having a bone
metastasis as indicated by Medicare claims, was associated
with mortality among patients with lung cancer. We found
no difference in mortality between patients with bone
metastasis complicated by SRE and patients with bone
metastasis but without SRE.
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