
ORIGINAL ARTICLE

Natural history of skeletal-related events in patients with breast,
lung, or prostate cancer and metastases to bone: a 15-year study
in two large US health systems

Gerry Oster & Lois Lamerato & Andrew G. Glass & Kathryn E. Richert-Boe &

Andrea Lopez & Karen Chung & Akshara Richhariya & Tracy Dodge &

Greg G. Wolff & Arun Balakumaran & John Edelsberg

Received: 22 April 2013 /Accepted: 20 June 2013 /Published online: 25 July 2013
# Springer-Verlag Berlin Heidelberg 2013

Abstract
Purpose To document the risk of skeletal complications in
patients with bone metastases from breast cancer (BC), lung
cancer (LC), or prostate cancer (PC) in routine clinical practice.
Methods We used data from two large US health systems to
identify patients aged ≥18 years with primary BC, LC, or PC
and newly diagnosed bone metastases between January 1,
1995 and December 31, 2009. Beginning with the date of
diagnosis of bone metastasis, we estimated the cumulative
incidence of skeletal-related events (SREs) (spinal cord com-
pression, pathologic fracture, radiation to bone, bone surgery),
based on review of medical records, accounting for death as a
competing risk.
Results We identified a total of 621 BC, 477 LC, and 721 PC
patients with newly diagnosed bone metastases. SREs were
present at diagnosis of bone metastasis in 22.4, 22.4, and
10.0 % of BC, LC, and PC patients, respectively. Relatively
few LC or PC patients received intravenous bisphosphonates
(14.8 and 20.2 %, respectively); use was higher in patients
with BC, however (55.8 %). In BC, cumulative incidence of
SREs during follow-up was 38.7 % at 6 months, 45.4 % at
12 months, and 54.2 % at 24 months; in LC, it was 41.0,
45.4, and 47.7 %; and in PC, it was 21.5, 30.4, and 41.9 %.

More than one half of patients with bone metastases had
evidence of SREs (BC: 62.6 %; LC: 58.7 %; PC: 51.7 %),
either at diagnosis of bone metastases or subsequently.
Conclusions SREs are a frequent complication in patients
with solid tumors and bone metastases, and are much more
common than previously recognized in women with BC.
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Introduction

Bone is among the most common sites of metastasis in
patients with lung cancer, and is the most common site in
patients with breast and prostate cancer [1, 2]. Patients with
bone metastases are at risk of skeletal complications, includ-
ing spinal cord compression, pathological fracture, surgery
to bone, and radiation therapy to alleviate bone pain or
prevent fractures. These comorbidities are known collective-
ly as skeletal-related events (SREs). SREs are associated
with impaired mobility, reduced quality of life [3], increased
mortality [4], and higher healthcare costs [5, 6].

Although estimates of the risk of SREs in patients with
bone metastases have been reported in prior studies, their
generalizability to clinical practice may be limited. For ex-
ample, randomized-controlled trials of bone-modifying
agents (e.g., bisphosphonates), while a reliable method of
evaluating treatment effects, may sacrifice some degree of
generalizability (i.e., external validity) to achieve high inter-
nal validity [7]. While observational studies do not necessarily
suffer from similar problems, their principal shortcoming is
their reliability. Studies based on administrative data (e.g.,
insurance claims) are hampered by the inaccuracy of algorithms
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that use diagnosis and/or procedure codes (e.g., International
Classification of Diseases, 9th revision: Clinical Modification
[ICD-9-CM]) to identify patients with bone metastases as well
as those with SREs [6, 8–11]. While medical record review
may yield more robust data, the few existing studies either
predate widespread use of bisphosphonates or were conducted
in settings that may not be generalizable to the United States
(US) [12–15]. Some observational studies have additional fea-
tures, such as atypical definitions of SREs, that may further
limit their generalizability to current clinical practice.

To address some of these concerns, we conducted a ret-
rospective study on the risk of SREs in clinical practice in
patients with breast, lung, or prostate cancer and newly
diagnosed metastases to bone. Our study was based on 15
years of data from two large integrated US health systems.

Methods

Data source

Our study examined data from two large integrated US health
systems that serve a combined total of approximately 1.3
million persons annually. Both sites maintain tumor registries
that contain information on all newly diagnosed cancers,
including primary site, histological type, stage of disease,
and first course of treatment. Each site also has a comprehen-
sive electronic medical records (EMR) system that contains
information on patient demographics, ambulatory care visits,
clinical laboratory and radiology results, inpatient admissions,
and a variety of other measures. Information on diagnoses and
procedures are captured in administrative data stores using
ICD-9-CM and Healthcare Common Procedure Coding Sys-
tem codes. These various data sources are linked through
unique system-specific patient identifiers.

To maintain patient confidentiality, all information was
extracted and transcribed by medical abstractors onto study
case-report forms. We trained the abstractors prior to study
initiation, and closely monitored their work while the study
was underway to ensure consistency in data collection. We
also re-abstracted approximately 30 % of all cases on an
ongoing basis, using an independent abstractor who was
blinded to the results of the first abstractor. Case-report forms
for each pair were compared, and discrepancies were adju-
dicated by three of the principal investigators (JE, AGG,
KER), based on medical record review. During the initial
phase of the study, we modified abstractor guidelines as
appropriate to clarify data collection procedures.

Study subjects

The source population for the study consisted of all persons,
aged ≥18 years, reported in the tumor registry at either study

site as having newly diagnosed primary breast, lung, or
prostate cancer (“study cancers”) between January 1, 1995
and December 31, 2009 (“study period”). Among these
persons, we identified all patients with newly diagnosed
metastases to bone, either at initial diagnosis of cancer or at
disease progression, based either on (1) notation of metasta-
ses to bone in the tumor registry or (2) evidence in adminis-
trative data stores of one or more medical encounters with
mention of bone metastases (ICD-9-CM 198.5) or primary
bone cancer (ICD-9-CM 170.X) on or any time following
date of diagnosis of the study cancer.1 We reviewed medical
records to confirm the diagnosis of bone metastasis; patients
without confirmatory evidence were excluded from the study
(To ensure that the three cohorts were of approximately equal
size, we randomly selected only one third of persons with
lung cancer and newly diagnosed bone metastases, as there
were approximately three times more patients than those
with breast or prostate cancer and bone metastases). After
we identified patients with confirmed new diagnoses of bone
metastases, we excluded those with evidence of any other
invasive primary cancer prior to date of diagnosis of bone
metastasis, or in the month immediately thereafter, to mini-
mize the likelihood that another cancer was the source of
metastatic disease. We followed all patients for the occur-
rence of SREs from their date of initial diagnosis of bone
metastasis until death, date of last contact (i.e., loss to follow-
up), or the end of the study period (i.e., December 31, 2009).

Patient characteristics

Medical record review was used to ascertain age at diagnosis
of bone metastasis, gender, and race of all study subjects,
whether bone metastases were present at initial diagnosis of
cancer, and whether SREs were present at initial diagnosis of
bone metastasis. Patients with dates of diagnosis of bone
metastasis <60 days following their date of diagnosis of
breast, lung, or prostate cancer were considered to have bone
metastases at initial diagnosis of cancer; all other patients
were designated as having bone metastasis at the date first
noted in the medical record.

We used information in administrative data stores and/or
the EMR to determine whether patients received intravenous
(IV) bisphosphonates (zoledronic acid, pamidronate). We
designated such use “primary prophylaxis” if patients had
no evidence of an SRE prior to, or up to 7 days following,
their first dose of an IV bisphosphonate; all other patients
who received IV bisphosphonates were assumed to have
received “secondary prophylaxis” (i.e., after an SRE).

1 Primary bone cancer was included in the initial scan of administrative
data stores, as the authors have found in prior work that metastatic
disease to bone is sometimes miscoded as primary bone cancer.
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Skeletal-related events

The primary measure of interest was the occurrence of SREs
any time following initial diagnosis of bone metastasis (“on-
study”). SREs comprised spinal cord compression, patho-
logic fracture, surgery to bone (excluding biopsy only), and
radiation to bone. We used findings from conventional x-
rays, computerized tomography (CT) scans, magnetic reso-
nance imaging (MRI) scans, myelograms, surgical procedure
notes, pathology reports, discharge summaries, and physi-
cian progress notes to ascertain history of SREs. Unless
confirmed by x-ray, CT scan, or MRI findings, “positive
bone scans” were not counted as SREs.

Patients were considered to have experienced spinal cord
compression if there was any mention in their medical record
of the term “spinal cord compression,” or the terms “spinal
cord” or “cord” in conjunction with any of the terms “com-
pression,” “compromise,” “mass-effect,” “impingement,” “dis-
placement,” “effacement,” “indents,” or variants thereof. Pa-
tients were considered to have experienced pathologic fracture
if there was mention of “pathologic fracture,” “vertebral com-
pression fracture,” or “compression deformity,” provided that
these terms were not associated with spinal cord compression,
or if the word “vertebrae” or a specific vertebrae (e.g., L1) was
used in conjunction with the terms “collapse,” “compression,”
“depression,” “wedging,” or variants thereof. Patients were
considered to have undergone surgery to bone if there was
notation of any operations on bone for repair or palliation of
skeletal complications due to bone metastasis, as described in
operative/surgical procedure notes and/or hospital discharge
summaries (or physician progress notes for procedures done
outside the healthcare system). Bone biopsies were not counted
as surgery to bone. Patients were considered to have received
radiation to bone if a radiation treatment summary described a
course of external beam radiation, or a radioactive implant or
radioisotope administered for palliation. Receipt of radiation
also was established based on notes in the radiation oncology
section of the medical record and/or hospital discharge sum-
maries (radiation therapy administered at another facility was
ascertained based on physician progress notes or a summary
letter in the medical record).

Statistical analyses

We estimated the overall cumulative incidence of on-study
SREs in each of the three cohorts, accounting for death as a
competing risk because it changes the probability of observ-
ing the event of interest (i.e., a skeletal complication)
[16–18]. In the presence of a competing risk, the Kaplan–
Meier (KM) estimator of cause-specific failure yields biased
estimates of the incidence of SREs [19, 20]. We used non-
parametric bootstrapping to calculate 95 % confidence inter-
vals for our estimates of cumulative incidence. Cumulative

probabilities of survival were estimated using KM methods.
We pooled data across both study sites in all of our analyses.
All analyses were conducted using SAS Proprietary Software,
version 9.2 (SAS Institute Inc., Cary, NC).

Results

Patient characteristics

Across the two study sites, we identified a total of 1,819
patients with newly diagnosed metastases to bone between
January 1, 1995 and December 31, 2009, including 621 with
breast cancer, 477 with lung cancer, and 721 with prostate
cancer (Table 1). Mean (SD) age at diagnosis of bone me-
tastasis was 59.7 (14.0) years for patients with breast cancer,
66.2 (10.3) years for those with lung cancer, and 72.5 (10.4)
years for those with prostate cancer (Table 2). Approximate-
ly two thirds of study subjects were Caucasian (breast can-
cer: 66.8 %; lung cancer: 70.4 %; prostate cancer: 60.2 %).

The diagnosis of bone metastasis in patients with breast
cancer was most often associated with disease progression
(67.0 % of all cases). In patients with bone metastases from
lung and prostate cancer, however, it was more often asso-
ciated with initial diagnosis of cancer (64.4 and 53.5 %,
respectively). Approximately one half of all patients in the
breast and lung cancer cohorts (47.5 and 50.3 %, respectively)
had metastases to other sites at the time of diagnosis of bone
metastasis (most commonly, the liver); relatively few patients
with prostate cancer (14.7 %), however, had metastases to
other sites at initial diagnosis of bone metastasis. Median
duration of follow-up from initial diagnosis of bonemetastasis
was 13.6 months for patients with breast cancer, 3.1 months
for those with lung cancer, and 16.6 months for those with
prostate cancer.

Use of intravenous bisphosphonates

Approximately one half (55.8 %) of patients with breast
cancer received one or more doses of an IV bisphosphonate;
rates of use of these agents in patients with lung cancer and
prostate cancer were much lower (14.8 and 20.2 %, respec-
tively). In all three groups, initial use of IV bisphosphonates
was evenly divided between primary prophylaxis (i.e., prior
to an SRE) and secondary prophylaxis (i.e., only after an
SRE) (26.3 vs 29.5 %, respectively, for breast cancer; 4.8 vs
9.9 % for lung cancer; 10.6 vs 9.5 % for prostate cancer).

Patients with skeletal-related events

Among 621 patients with bone metastases from breast can-
cer, 139 (22.4 %) had SREs that were coincident with the
diagnosis of bone metastasis (Fig. 1). Among the remaining
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482 breast cancer patients without evidence of SREs at study
entry, 250 (51.9 %) experienced SREs during follow-up. A
total of 389 (62.6 %) patients in the breast cancer cohort
therefore had evidence of at least one SRE.

Among 477 patients with bone metastases from lung can-
cer, 107 (22.4 %) had SREs coincident with the diagnosis of
bone metastasis. Among the remaining 370 lung cancer pa-
tients without evidence of SRE at study entry, 173 (46.8 %)

experienced SREs during follow-up. A total of 280 (58.7 %)
patients in the lung cancer cohort therefore had evidence of at
least one SRE.

Among 721 patients with bone metastases from prostate
cancer, 72 (10.0 %) had SREs coincident with the diagnosis
of bone metastasis. Among the remaining 649 prostate can-
cer patients without evidence of SREs at study entry, 301
(46.4 %) experienced SREs during follow-up. A total of 373

Table 1 Selection of study subjects with breast, lung, and prostate cancers and metastases to bone

Criteria Breast cancer Lung cancer Prostate cancer

Persons aged ≥18 years with newly diagnosed study cancer
between January 1, 1995 and December 31, 2009

11,738 9,088 14,866

and no evidence of any other invasive primary cancer prior to date of
diagnosis of study cancer (or 6 months subsequently)

10,613 7,573 14,045

and new diagnosis of bone metastasis between date of diagnosis
of study cancer and December 31, 2009

647 493a 798

and no evidence of any other invasive primary cancer prior to date
of diagnosis of bone metastasis (or 30 days subsequently)

621 477 721

Study subjects 621 477 721

a One third of lung cancer patients were randomly selected for inclusion in the study sample, since there were approximately three times more patients
with lung cancer and bone metastases than patients with breast cancer or prostate cancer and bone metastases.

Table 2 Characteristics of
breast, lung, and prostate cancers
patients at time of diagnosis of
bone metastases

IQR inter-quartile range, SD
standard deviation, SRE skeletal-
related events

Characteristic Breast cancer Lung cancer Prostate cancer
(N=621) (N=477) (N=721)

Age (years), Mean (SD) 59.7 (14.0) 66.2 (10.3) 72.5 (10.4)

Gender, No. (%)

Women 614 (98.9 %) 200 (41.9 %) 0 (0.0 %)

Men 7 (1.1 %) 277 (58.1 %) 721 (100.0 %)

Race, No. (%)

African American 176 (28.3 %) 128 (26.8 %) 257 (35.6 %)

Caucasian 415 (66.8 %) 336 (70.4 %) 434 (60.2 %)

Other 30 (4.8 %) 13 (2.7 %) 30 (4.2 %)

Body mass index, Mean (SD) 29.7 (7.7) 25.8 (5.4) 27.8 (5.6)

Metastases to bone, No. (%)

At initial diagnosis of cancer 205 (33.0 %) 307 (64.4 %) 386 (53.5 %)

At progression 416 (67.0 %) 170 (35.6 %) 335 (46.5 %)

Metastases to any other site at time of
diagnosis of bone metastasis, No. (%)

Adrenal gland 19 (3.1 %) 68 (14.3 %) 2 (0.3 %)

Brain 40 (6.4 %) 63 (13.2 %) 5 (0.7 %)

Distant lymph nodes 73 (11.8 %) 21 (4.4 %) 49 (6.8 %)

Liver 156 (25.1 %) 120 (25.2 %) 28 (3.9 %)

Lung 138 (22.2 %) 25 (5.2 %) 32 (4.4 %)

Other 82 (13.2 %) 47 (9.9 %) 12 (1.7 %)

Any of the above 295 (47.5 %) 240 (50.3 %) 106 (14.7 %)

SRE at time of diagnosis of
bone metastasis, No. (%)

No 482 (77.6 %) 370 (77.6 %) 649 (90.0 %)

Yes 139 (22.4 %) 107 (22.4 %) 72 (10.0 %)

Follow-up (months), Median (IQR) 13.6 (4.2, 28.5) 3.1 (1.2, 7.6) 16.6 (6.6, 32.9)

3282 Support Care Cancer (2013) 21:3279–3286



(51.7 %) patients in the prostate cancer cohort therefore had
evidence of at least one SRE.

Cumulative incidence of skeletal-related events

Estimates of the cumulative incidence of on-study SREs over
3 years are presented in Fig. 2 and Table 3. In patients with
breast cancer, cumulative incidence of SREs was 38.7 % at
6 months, 45.4 % at 12 months, 54.2 % at 24 months, and
57.2 % at 36 months. In patients with lung cancer, the
cumulative incidence of SREs was 41.0 % at 6 months,
45.4 % at 12 months, 47.7 % at 24 months, and 48.8 % at
36 months. In patients with prostate cancer, the cumulative
incidence of SREs was 21.5 % at 6 months, 30.4 % at
12 months, 41.9 % at 24 months, and 48.9 % at 36 months.

Survival

Cumulative survival in patients with breast cancer was
66.3 % at 1 year and 32.8 % at 3 years; in patients with lung
cancer, it was 19.0 and 2.5 %, respectively; and in patients
with prostate cancer, it was 73.5 and 43.1 %.

Discussion

Our study sample consisted of more than 1,800 patients with
primary breast, lung, or prostate cancer and newly diagnosed
metastases to bone—either at initial diagnosis of cancer or at
disease progression—in two large integrated US health sys-
tems. Almost two thirds (62.6 %) of patients with breast
cancer and bone metastases had evidence of SREs, either at
study entry or during follow-up. More than one half of all
patients with lung cancer and prostate cancer (58.7 and
51.7 %, respectively) had evidence of SREs. When we
limited attention to patients without evidence of skeletal
complications at study entry, we found that 51.9 % of pa-
tients with breast cancer, 46.8 % of those with lung cancer,
and 46.4 % of those with prostate cancer developed SREs
during follow-up.

It is interesting to compare our estimates of the risk of
skeletal complications with those from randomized-controlled
trials of bone-modifying agents in similar patient populations.
In men with prostate cancer and bone metastases, estimates of
SRE risk have ranged from 33 to 59% [21, 22]. In patients with
solid tumors other than breast and prostate (many of whom had
non-small cell lung cancer), 43 to 45 % have been reported to
develop skeletal complications [23]. These estimates are simi-
lar to our own. In women with breast cancer and metastases to
bone, however, our estimates of the risk of SREs are substan-
tially higher than those reported in clinical trials of bone-
modifying agents (i.e., 40 to 47%) [24, 25]. The risk of skeletal
complications in women with breast cancer and bone metasta-
ses in routine clinical practice therefore may be higher than
generally recognized.

While these comparisons are interesting, it is important to
note that our estimates of SRE risk reflect cumulative inci-
dence, while estimates from clinical trials typically are based
on KM methods. The former method treats death as a com-
peting risk, while the KM estimator (specifically, 1 minus the
KM estimate of “failure”) censors patients who die. While
presentation of data from clinical trials using KM methods is
well-established, it overstates the cumulative probability of
cause-specific failure (in this instance, SRE) in the presence
of a competing risk (e.g., death) in direct proportion to the
magnitude of the competing risk(s) [19]. To put this differ-
ence into perspective, in Figure 3, we provide KM estimates
of the risk of SREs over time among subjects in our study. At
24 months, our KM estimates of SRE risk are 64.8 % for
breast cancer, 70.4 % for lung cancer, and 48.2 % for prostate
cancer. Although our KM estimate of the risk of skeletal
complications in men with prostate cancer is lower than
some figures reported from clinical trials [22], this may be
because we did not exclude patients who had not failed
hormonal therapy, as was done in clinical trials. Our KM
estimate of SRE risk in patients with breast cancer is substan-
tially higher than comparable estimates from clinical trials.

Number of patients with newly diagnosed bone metastases and:

Breast Cancer (BC): 621 (100%)
Lung Cancer (LC): 477 (100%)
Prostate Cancer (PC): 721 (100%)

SRE present at study entry:

BC: 139 (22.4%)
LC: 107 (22.4%)
PC: 72 (10.0%)

SRE not present at study entry:

BC: 482 (77.6%)
LC: 370 (77.6%)
PC: 649 (90.0%)

Developed SREs:

BC: 250 (40.3%)
LC: 173 (36.3%)
PC: 301 (41.7%)

Total number of patients with SREs at any time:

BC: 389 (62.6%)
LC: 280 (58.7%)
PC: 373 (51.7%)

Number of patients with newly diagnosed bone metastases and:

Breast Cancer (BC): 621 (100%)
Lung Cancer (LC): 477 (100%)
Prostate Cancer (PC): 721 (100%)

SRE present at study entry:

BC: 139 (22.4%)
LC: 107 (22.4%)
PC: 72 (10.0%)

SRE not present at study entry:

BC: 482 (77.6%)
LC: 370 (77.6%)
PC: 649 (90.0%)

Developed SREs:

BC: 250 (40.3%)
LC: 173 (36.3%)
PC: 301 (41.7%)

Total number of patients with SREs at any time:

BC: 389 (62.6%)
LC: 280 (58.7%)
PC: 373 (51.7%)

Fig. 1 Percentage of study subjects with evidence of skeletal-related
events (SREs)
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Other considerations also should be borne in mind when
comparing our findings to those from randomized-controlled
trials. First, many patients in our study did not receive anti-
resorptive agents, and among those who did, exposure
was variable. Our SRE rates therefore would be
expected to be higher than those reported from clinical
trials in which all patients received such agents. Second,
while we began follow-up for all patients at the time of

initial diagnosis of bone metastasis, clinical trials had
no similar requirement. This may explain why the per-
centages of patients in our study who had SREs at
initial diagnosis of bone metastasis—22.4 % in breast
cancer, 22.4 % in lung cancer, 10.0 % in prostate cancer—
generally, were lower than the percentages of patients
with a history of skeletal complications at study entry in
clinical trials of anti-resorptive agents.

Table 3 Cumulative incidence (95% confidence interval) of on-study skeletal-related events (SREs) in patients with breast, lung, and prostate cancers and
newly diagnosed metastases to bone, by duration of follow-up

Follow-up Breast cancer Lung cancer Prostate cancer
(months) (N=621) (N=477) (N=721)

6 38.7 % 41.0 % 21.5 %

(34.5–42.7 %) (36.9–45.6 %) (18.6–24.7 %)

12 45.4 % 45.4 % 30.4 %

(41.4–49.5 %) (40.9–50.0 %) (27.0–33.9 %)

18 50.1 % 46.9 % 36.5 %

(45.8–54.1 %) (42.2–51.5 %) (32.9–40.3 %)

24 54.2 % 47.7 % 41.9 %

(50.0–58.6 %) (42.8–52.2 %) (38.0–45.6 %)

30 55.9 % 48.4 % 46.1 %

(51.7–60.2 %) (48.4–53.1 %) (42.0–49.9 %)

36 57.2 % 48.8 % 48.9 %

(52.9–61.5 %) (43.8–53.6 %) (44.6–53.0 %)

SRE skeletal-related event

Fig. 2 Cumulative incidence of on-study skeletal-related events (SREs) in patients with breast, lung, and prostate cancers, and newly diagnosed
metastases to bone, by length of follow-up
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Comparison of our findings with those from prior obser-
vational studies is also difficult due to differences in the
entities considered SREs, different therapeutic eras, different
settings of care, and most important, differences in data
sources (i.e., chart abstraction vs administrative databases).
Nonetheless, our estimates of the total percentage of patients
with SREs 24 months following diagnosis of bone metasta-
ses (62.6 % for breast cancer, 58.7 % for lung cancer, 51.7 %
for prostate cancer) are generally in line with—or higher than
—those previously reported [6, 8–15].

We acknowledge various limitations of our study. First,
while our sample size was relatively large, the generalizabil-
ity of our findings to current clinical practice is uncertain,
since our study subjects came only from two health systems,
and our data spanned a 15-year period during which avail-
able therapies and clinical practice changed substantially.
Second, because our study was retrospective and based on
medical record review, finding evidence of SREs sometimes
entailed sifting through a large amount of data. While our
abstractors were experienced, trained prior to study initiation,
provided with explicit case-finding criteria, and closely mon-
itored while data collection was underway, errors nonetheless
were possible. While we were confident of the sensitivity of
our methods of case ascertainment, we were concerned about
their specificity (i.e., rate of false-positives). A particular
concern was our operational definition of spinal cord com-
pression, which was based on the radiologists’ interpretation
and report of imaging studies and thus could have reflected
some asymptomatic cases. Three of the authors (JE, AGG,

KER) therefore reviewed physician progress notes for every
patient we counted as having experienced spinal cord com-
pression. Almost all such patients were found to be symptom-
atic for this diagnosis. We therefore believe that any bias
related to problems of specificity is probably small.

The possibility also exists that our estimate of the risk of
skeletal complications in women with breast cancer may re-
flect the fact that we counted vertebral fractures of any degree
as SREs. It is our understanding that some prior studies count-
ed vertebral fractures as SREs only if they were accompanied
by a marked (e.g., ≥25%) decrease in total anterior or posterior
height from baseline. To better understand the magnitude of
bias that may have resulted from this potential difference in
methods, we reviewed the records of all 323 breast cancer
patients with on-study SREs during the first 36 months of
follow-up. We were reassured to find that the vast majority
(93.2 %) of these patients experienced SREs other than verte-
bral compression fractures (data not presented). We therefore
do not believe that our comparatively high SRE rates in pa-
tients with breast cancer simply are an artifact of our study
design and nonspecific methods of case finding.

In summary, while our estimates of the risk of SREs in
patients with lung cancer and prostate cancer generally are in
line with those reported by others, our findings suggest that
skeletal complications may be more common than previously
recognized in women with breast cancer and bone metastases.
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