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P
rostate cancer has the highest incidence of any nonskin cancer in
the United States and is the second leading cause of cancer-relat-
ed deaths among US men.1-3 It was projected that 218,890 new
cases of prostate cancer would be identified in the United States

in 2007 and that an estimated 27,050 men would die of the disease.4

Bone metastasis is a common form of metastatic disease among
patients with prostate cancer. Yuen et al5 report that 80% of men with
metastatic disease have bone metastasis, and others report percentages
between 65% and 70%.6,7 In addition, as many as 20% of men who are
newly diagnosed as having prostate cancer already have bone metastases.8

Bone metastases are complicated by significant morbidity, including
skeletal-related events (SREs), which are local irreversible changes and
include pathologic fracture, bone surgery, radiation therapy to the bone,
and spinal cord compression.9-12 These events negatively affect quality of
life10,13,14 and present a challenge for the goals of palliative therapy, which
include managing these patients’ pain, preventing further deterioration,
and preserving quality of life.15-18

Although the humanistic burden of SREs is well documented, little
research has focused on the economic effects of medically treating SREs.
To our knowledge, only one study19 has looked specifically at the costs of
SREs in patients with prostate cancer and bone metastases; the sample of
patients in the analysis was small (n = 28), and the costs were based on
care in The Netherlands. However, studies of SREs among patients with
lung cancer20 and breast cancer9,21 have consistently shown SREs to be
common and costly.

In the present study, the objectives were to elucidate further the US
costs associated with SREs among patients with prostate cancer and bone
metastases and to determine the relative frequency at which the different
types of SREs occur. To this end, we conducted a retrospective analysis
using a large US health insurance claims database to examine the inci-
dence and costs associated with SREs among patients with bone metas-
tases secondary to prostate cancer.

METHODS

We analyzed longitudinal deidentified patient data from a large US
health insurance plan containing medical, prescription, and laboratory

test result claims. The database con-
tains information from more than 5.3
million patients older than 40 years, is
updated monthly, and is representative
of the commercially insured as opposed
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Objectives: To examine the economic burden 
of skeletal-related events (SREs) and to assess
the frequency of different types of SREs in this
population.

Study Design: Retrospective claims analysis.

Methods: Data were obtained from i3’s Lab Rx
Database from May 1, 2000, through March 31,
2005. Patients included had at least 2 claims 
with a diagnosis of prostate cancer, at least 2
subsequent claims with a diagnosis of bone
metastasis, and at least 1 SRE on or after the 
date of the initial diagnosis of bone metastasis.
Descriptive statistics for 342 patients who fit 
all inclusion and exclusion criteria are provided,
along with Kaplan-Meier curves, which were 
used to estimate annual costs, adjusting for the
censoring of the data.

Results: Patients most frequently had radiation
therapy (89%), followed by pathologic fracture
(23%) and bone surgery (12%). Among patients
diagnosed as having at least 1 SRE, 78% experi-
enced 1 type of SRE, 17% had 2 types of SREs,
and 5% had 3 or more distinct types of SREs. 
The mean costs associated with SREs in the year
after the initial diagnosis of an SRE, adjusted for
the censoring of the data, was $12,469, with the
highest costs associated with radiation therapy
($5930), followed by pathologic fracture ($3179)
and bone surgery ($2218).

Conclusion:This study of patients with prostate
cancer and bone metastases revealed that the
annual economic effect of medically treating SREs
for these patients was $12,469.

(Am J Manag Care. 2008;14(5):317-322)
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to the general population. This study used claims from May 1,
2000, through March 31, 2005.

Patients were included in the analysis if they had at least 2
claims with a diagnosis code of prostate cancer (based on an
International Classification of Diseases, Ninth Revision, Clinical
Modification [ICD-9-CM] code of 185.xx; 35,382 patients
had >1 claim, and 27,393 patients had >2 claims) and had
at least 2 claims with a diagnosis code of bone metastasis
(code 198.5x) on or after the first claim for prostate cancer
(1269 patients had >1 claim, and 878 patients had >2
claims). In addition, patients were required to have an SRE
on or after the initial claim for bone metastasis (435 patients
had an SRE).

An SRE was defined as a pathologic fracture, radiation
therapy, bone surgery, or spinal cord compression. We identi-
fied these conditions in our database using a previously pub-

lished algorithm9; radiation therapy was also identified by
receipt of treatment from a radiation oncologist or a therapeu-
tic radiologist. To identify cases of bone surgery, the published
algorithm uses ICD-9-CM and Current Procedural Termin-
ology 4 codes, which include, for example, “repair of plastic
operations on bone” and “internal fixation of bone without
fracture.” To identify cases of pathologic fracture, the algo-
rithm excludes fractures with concurrent severe trauma such
as a car crash. Finally, patients were required to have at least 1
month of data after their first SRE (identified as the index date),
6 months of data before the index date, and continuous insur-
ance through both periods (342 patients met these criteria).

Although previous research has included hypercalcemia as
an SRE, this analysis was unable to examine this condition.
Specifically, previous research estimated that 10% to 20% of
individuals with advanced cancer have hypercalcemia22; in

this database, only 0.3% of individuals identified
as having bone metastases also had claims with a
diagnostic code of hypercalcemia. Although this
low incidence precludes an examination of hyper-
calcemia in this cohort, this finding is consistent
with the literature demonstrating that hypercal-
cemia is generally underdiagnosed.22,23

We gathered information on patient demo-
graphic and clinical characteristics and on
resources and costs associated with SREs.
Consistent with prior research,24,25 costs were
proxied by total charges, were defined as total
allowed payment, and were converted to 2006 US
dollars using the medical component of the con-
sumer price index. In addition, we examined
patient survival after diagnosis of an SRE. We esti-
mated a Kaplan-Meier curve to calculate the prob-
ability of remaining insured during a 24-month
interval, which we use as a proxy for survival. Such
a method is appropriate when there is censoring of
data. Specifically, the data for some patients were
censored as of March 31, 2005, when the data col-
lection period ended. We then combined these
probabilities with annual cost data to estimate
expected cumulative costs over time, adjusting for
the censoring of the data. We calculated the mean
monthly costs for patients who were not censored
and multiplied these costs by the probability of
“survival” for that month. Finally, we summed the
results of this calculation during 12 months to
examine annual SRE-related costs.26 All analyses
were performed using SAS version 9.1 (SAS
Institute, Cary, North Carolina).
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n Table 1. Patient Characteristics

Value
Variable (n = 342)

Age, mean (SD), y 68.1 (9.7)

Preperiod value, mean (SD)

Charlson severity score 1.4 (1.6)

Office visits 14.2 (10.7)

Visits to oncologist 5.9 (9.3)

Days hospitalized 6.6 (19.2)

Region, No. (%)

Northeast 45 (13.2)

Midwest 109 (31.9)

South 166 (48.5)

West 22 (6.4)

Insurance, No. (%)

Business

Commercial 226 (66.1)

Medicaid 2 (0.6)

Medicare 114 (33.3)

Product type

Exclusive provider organization 30 (8.8)

Health maintenance organization 179 (52.3)

Independent 5 (1.5)

Point of service 73 (21.3)

Preferred provider organization 55 (16.1)

Preperiod comorbidity, No. (%)

Cardiovascular disease 126 (36.8)

Chronic obstructive pulmonary disease 45 (13.2)

Diabetes mellitus 55 (16.1)

Cerebrovascular disease 30 (8.8)



RESULTS

Half of all patients with at least 2 claims for prostate cancer
(n = 342) and at least 2 claims for bone metastasis (n = 878)
experienced 1 or more SREs (n = 435). For men who had at
least 1 SRE, 87% were identified as having had an SRE with-
in 1 year of their initial diagnosis of bone metastasis. Their
mean age was 68.1 years, with most men residing in the South
(49%) or in the Midwest (32%) (Table 1), which is consistent
with the population in the database. Most patients were com-
mercially insured (66%), and the most common type of insur-
ance was a health maintenance organization (52%). An
examination of prior resource utilization, the severity score by
Charlson et al,27 and comorbidities revealed that, as expected,
patients in this study were severely ill. For example, the mean
(SD) Charlson severity score was 1.43 (1.55), and the patients
had been hospitalized in the 6 months before the index date
for a mean of 6.6 days and had a mean number of office vis-
its of 14.2. In addition, 37% of patients included in the study
had also been diagnosed as having cardiovascular disease,
and 16.1% had been diagnosed as having comorbid diabetes
mellitus.

Most patients received radiation therapy (89%), as shown
in Figure 1. Approximately 23% experienced a pathologic
fracture, and 12% had bone surgery. Some SREs occurred in
clusters, meaning that it was possible that someone had a frac-
ture that required bone surgery, and in this case both events
are captured as separate types of SREs.

Among patients diagnosed as having at least 1 SRE, 78%
experienced 1 type of SRE, although some of these patients
may have had more than 1 SREs of that same type (Figure 2).
Seventeen percent had 2 types of SREs, and 5% had 3 or more
distinct types of SREs. For patients with more than 1 type of
SREs, the mean time between identification of the first type
and the second type of SREs was 2.9 months.

Figure 3 shows the Kaplan-Meier estimated probability of
continuation in the database (survival proxy) for the popula-
tion from the time of initial diagnosis of an SRE. After 2 years,
the proxy survival rate was 16%, and the median proxy sur-
vival was approximately 8.5 months.

Table 2 gives the Kaplan-Meier cost estimates associated
with SREs. The mean per-patient costs associated with SREs
in the first year after initial identification of an SRE, adjusted
for the censoring of the data, was $12,469. More than 47% of
this amount is attributable to radiation therapy ($5930), with
this cost being driven by the large proportion of patients who
received this treatment. Pathologic fractures accounted for
$3179 of the total SRE-related costs, while bone surgery
accounted for $2218. Costs were distributed approximately

equally between inpatients ($5641) and outpatients ($5951).
The SRE-related costs for the 22% of the population who had
more than 1 type of SREs ($26,384) were significantly higher
than the SRE-related costs for the patients who had only 1 type
of SRE ($8484) (P <.001).

As a test of the robustness of the results, we reexamined
the analysis, omitting service from a radiation oncologist as a
criteria in defining therapeutic radiology. Although the per-
centage of individuals with an SRE identified as having ther-
apeutic radiology declined from 89% to 78%, the general
results were consistent with those reported herein. For exam-
ple, this analysis found 1-year costs associated with an SRE to
be $12,649, while omitting service from a radiation oncologist
reduces this amount to $12,007. In addition, this analysis esti-
mated the 2-year survival rate to be 15%, while the reexam-
ined subset of data resulted in an estimated 2-year survival rate
of 16%.
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n Figure 1. Percentage of Patients Experiencing 
Each Type of Skeletal-related Event (Patients Can
Experience >1 Type)

n Figure 2. Percentage of Patients Experiencing 1 or
More Types of Skeletal-related Events
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DISCUSSION

This retrospective analysis produced several significant
findings. Skeletal-related events are costly and common
among patients with prostate cancer and bone metastases, and
they are significantly more costly for patients who experience
multiple SREs.

Approximately half of all patients with prostate cancer and
bone metastases experienced 1 or more SREs. This finding is
consistent with earlier studies9,20 among patients with bone

metastases secondary to
other types of cancer. We
also found that the mean 1-
year cumulative costs asso-
ciated with SREs totaled
$12,469 per patient. These
cost data are consistent
with an earlier study20 of
patients with bone metas-
tases secondary to lung
cancer, in which the per-
patient cost of SREs was
determined to be $11,979.

On the other hand, the
costs associated with SREs
in the present study were
higher than those reported
in an analysis of Dutch
patients with metastatic
prostate cancer.19 Specif-

ically, the study by Groot et al19 found the per-patient cost to
treat SREs to be 6973 (US $11,014). Differences in the sam-
ple populations may in part account for this discrepancy in
cost findings. The analysis by Groot et al looked at the records
of 28 patients from 2 different hospitals in The Netherlands,
whereas our study evaluated the records of 342 patients from
various hospitals throughout the United States.

The costs associated with SREs in this study are higher
than the costs reported in a study28 of patients with breast can-
cer metastasized to the bone, in which the net cost per SRE

ranged from $3940 to $9390, and
these costs are lower than the costs
published in another study21 of
patients with breast cancer, in
which the cost of SREs ranged from
£11,314 to £18,662 (US $22,689-US
$37,414). These disparities may be
attributable, at least in part, to differ-
ences in study design. Hillner et al28

and Botteman et al21 derived costs
largely from expert opinion and
assumption. In contrast, costs were
collected in the present study from
actual billed charges stated on insur-
ance claims within a large, geograph-
ically diverse database.

To our knowledge, no previous
study has examined the economic
effect of multiple types of SREs vs

n CLINICAL n

320 n www.ajmc.com n MAY 2008

n Table 2. 1-Year Costs of Skeletal-related Events (SREs)

Variable No. Mean (95% Confidence Interval), $

Total SRE costs

All patients 342 12,469 (10,007-14,861)

Patients with 1 SRE 266 8484 (6810-10,177)

Patients with >1 SREs 76 26,384 (17,959-34,809)

Costs of SREs

By component

Therapeutic radiology 342 5930 (4829-7032)

Pathologic fracture 342 3179 (1745-4614)

Bone surgery 342 2218 (1059-3378)

Spinal cord compression 342 460 (116-803)

Other 342 681 (316-1047)

Inpatient vs outpatient

Inpatient 342 5641 (3738-7543)

Outpatient 342 5951 (4849-7052)

n Figure 3. Estimated Continuation of Insurance Coverage From the Time of the
Index Skeletal-related Event (SRE)
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only 1 type of SRE. We found that patients diag-
nosed as having 2 or more types of SREs incurred
significantly higher costs than patients having
only 1 type of SRE (ie, $26,384 vs $8484). This
finding is consistent with earlier research indicat-
ing that patients’ health-related quality of life
decreases as the number of SREs increases,29 as a
more intensely ill individual would likely incur
higher medical costs.

In terms of the severity of illness, the men in
this study had a mean (SD) rating of 1.43 (1.55)
on the Charlson severity score index. Developed
for use in longitudinal studies, the Charlson severity score pre-
dicts the risk of mortality from comorbid illness during 1
year.27 To put the Charlson severity score into perspective,
proposed guidelines for using the “watchful waiting” strategy
to treat nonmetastatic prostate cancer define “general good
health” in a man younger than 75 years as having, among
other characteristics, a Charlson severity score of 1 or lower.30

Therefore, the men in our study with prostate cancer metasta-
sized to the bone and SREs have a risk of death approximate-
ly 1.5 times higher than that of an older man in general good
health. In addition, the comorbidity found among men in
our study is consistent with previous research demonstrating
that comorbidity in patients with prostate cancer (ie, as evi-
denced by Charlson severity scores >0) is associated with
more advanced forms of prostate cancer and with higher over-
all mortality.31

The findings of this study should be interpreted within the
context of the limitations of the study design. First, this study
was conducted using an administrative claims database and
included only patients with medical and prescription benefit
coverage; therefore, the results may not be generalizable to
other populations and may underrepresent patients older than
65 years. Second, the use of diagnostic codes to identify
patients is not as rigorous as formal diagnostic assessments for
identifying patients with bone metastases or other conditions,
and diagnostic codes can lack specificity in some instances.
This was the case when identifying radiation therapy to the
bone. With the codes we used, it is possible that some cases of
radiation therapy were, in fact, for the purpose of treating the
primary tumor and not for the treatment of a bone lesion.
Hence, our estimate of radiation therapy to the bone may be
an overestimate. Third, because of low reporting of hypercal-
cemia, the analysis was unable to examine this condition.
Fourth, to ensure the accuracy of diagnoses, we mandated that
patients must have at least 2 claims for prostate cancer and at
least 2 claims for bone metastasis. This requirement may have
resulted in the exclusion of some patients with prostate can-

cer who, for instance, may not have lived long enough for 2
encounters with the healthcare system to occur and so did not
generate 2 diagnoses in the claims database. We decided to err
on the side of including only patients whom we were more
certain had the diseases. Fifth, the use of medical claims data
precludes the use of patient assessments; as a result, the analy-
sis cannot examine quality of life, functioning, any clinical
outcomes, or dates or causes of death. Sixth, patient mortality
data were not available; hence, we used a proxy for survival by
assessing insurance coverage. Although it is possible that some
patients who lose insurance have not died but simply have run
out of insurance, we believe that most have died. Seventh,
this study focused on those costs directly attributable to SREs.
However, it has been shown that events such as fractures are
associated with functional limitation,32 which in turn is asso-
ciated with increased costs.33 A richer dataset would be neces-
sary to explore the effect of the increased use of other medical
care services and other indirect costs associated with SREs.

CONCLUSIONS

Many patients with prostate cancer metastasized to the
bone experience SREs. In addition to physical adversity asso-
ciated with these events, these patients will also incur high
costs for medical treatment of the SREs. The findings of this
analysis suggest that safe measures to mitigate or prevent
SREs have the potential to yield cost offsets. Although earli-
er studies looking at costs of SREs in cancer paients9,20 have
come to similar conclusions, this analysis uses the largest sam-
ple of patients with prostate cancer, bone metastases, and
SREs examined to date, to our knowledge.
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Take-away Points
Prostate cancer has the highest incidence of any nonskin cancer in the United
States, and bone metastasis is a common form of metastatic disease among
patients with prostate cancer. Bone metastasis is complicated by the occur-
rence of skeletal-related events (SREs).

n This research quantifies the costs of SREs among patients with prostate
cancer and bone metastases. Results reveal that the mean annualized costs of
SREs for this population was $12,469.

n The research illustrates the relative frequency at which different types of
SREs occur, with patients most likely to undergo therapeutic radiology or to
have a pathologic fracture.
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