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BACKGROUND. Bone is among the most common sites of metastasis in patients

with advanced cancer, and the development of bone metastases places patients

at increased risk for skeletal complications.

METHODS. This retrospective claims analysis included only patients with a diag-

nosis of bone metastasis who had a single type of solid tumor of the breast

(women), prostate, or lung and experienced �1 skeletal complication between

January 2002 and October 2005.

RESULTS. The mean follow-up (�standard deviation) for zoledronic acid (ZA)-

treated patients versus untreated patients was 12.2 � 9.05 months versus

8.7 � 9.28 months, respectively (P < .001). The monthly rate of skeletal complica-

tions in ZA-treated patients versus untreated patients was 0.29 � 0.3 per month

versus 0.43 � 0.4 per month, respectively (P < .001). Persistent ZA use was asso-

ciated with longer follow-up duration (P < .05) and a greater probability of conti-

nuing follow-up. Greater persistency was associated with lower monthly rates of

skeletal complications (P < .05). The length of follow-up for ZA use according to

the recommended dosing schedule was 17.11 months compared with 9.93

months for nonrecommended schedules and 8.68 months for no treatment (anal-

ysis of variance; P < .001). The rate of skeletal complications with ZA use on the

recommended schedule was 0.16 events per month versus 0.31 events per month

for nonrecommended schedules and 0.43 events per month for no treatment. In

the subgroup analysis, the mean time to first complication was 185 � 210 days

in the ZA-treated group versus 98 � 161 days in the untreated group (P < .0001).

The mean time from the first complication to the second complication was

111 � 124 days in the ZA-treated group versus 86 � 114 days in the untreated

group (P < .05).

CONCLUSIONS. Real-world evidence indicated that ZA reduced the skeletal mor-

bidity rate and delayed the time to skeletal complications. Cancer 2008;113:

1438–45. � 2008 American Cancer Society.
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B one is among the most common site of metastasis in advanced

cancer, and bone metastases occur in approximately 65% to

75% of patients who have metastatic prostate cancer or breast can-

cer and in approximately 30% to 40% of patients who have meta-

static lung cancer.1 The development of bone metastases places

patients at risk for skeletal complications (eg, pathologic fractures,

spinal cord compression, severe bone pain) and the need for surgery

or radiation to the bone.1,2 Skeletal complications are recurrent

events over the course of the disease. For instance, in patients with

This study was supported by Novartis Pharma-
ceuticals.

Swu-Jane Lin is a paid consultant to Hind T.
Hatoum & Company.

Victoria Barghout was a full-time employee of
Novartis at the time of this study.

Allan Lipton has provided expert testimony to
Novartis and serves on its speakers bureau and
advisory board.

This study was conducted using a licensed data
set from PharMetrics to Novartis Pharmaceuti-
cals.

Address for reprints: Hind T. Hatoum, PhD, Hind
T. Hatoum & Company, 1758 N. Wilmot Avenue,
Chicago, IL 60647; Fax: (773) 252-5217; E-mail:
hthatoum@sbcglobal.net

Received February 8, 2008; revision received
May 5, 2008; accepted May 12, 2008.

ª 2008 American Cancer Society
DOI 10.1002/cncr.23775
Published online 21 August 2008 in Wiley InterScience (www.interscience.wiley.com).

1438



advanced breast cancer, on average, a skeletal event

is experienced every 3 to 4 months.2

Skeletal complications can have devastating

effects on patients’ daily lives. These events are asso-

ciated with substantial morbidity (eg, bone pain, lim-

ited mobility, diminished quality of life) and reduced

survival.1,3 In patients with breast cancer, survival is

related inversely to the number of bone metastases.

Patients with �3 bone lesions have a shorter survival

than patients with fewer lesions.4 Preventing the de-

velopment, reducing the rate of occurrence, and

delaying the onset of skeletal complications are

essential for reducing morbidity and sustaining

patients’ functional independence.

Skeletal complications increase resource use and

costs.1,3 The management of complications because

of metastatic bone disease has been identified as the

largest single contributor to hospital costs in patients

with breast cancer.5 In 1 study that analyzed hospital

admissions between 1987 and 1989, the average cost

for bone disease-related admission (in US dollars)

was $12,407. Radiation therapy contributed signifi-

cantly to the total cost, at an average of $6750 per

patient (from the diagnosis of bone metastasis until

death). These costs may be conservative, because

that analysis did not include physician or surgeon

fees, charges for outpatient chemotherapy or analge-

sics, or lost days of productivity.5

In a retrospective analysis using data collected

between 1995 and 2002 on 534 patients from a large

US health insurance claims database, the lifetime

skeletal event cost per patient with lung cancer and

bone metastases was estimated at approximately

$12,000.3 In that analysis, radiotherapy accounted for

the greatest proportion of cost (60%) per skeletal

event type, followed by bone surgery (21%), treat-

ment of fractures (15%), and other skeletal events

(4%). Those investigators observed that approxi-

mately 80% of the costs of treatment were incurred

within 2 months of the first skeletal event claim,

indicating that early intervention may reduce mor-

bidity and associated costs.

A recently conducted study estimated the direct

medical costs associated with diagnosed metastatic

bone disease in the United States. Data were derived

from employer-paid commercial or Medicare supple-

mental insurance plans that covered approximately

14 million individuals of all ages during the years

2000 through 2004. Cost assessments included inpa-

tient, outpatient, and pharmaceutical drug claims.

Estimates of direct costs for 4190 cancer patients

with metastatic bone disease (cases) were compared

with estimates for 4190 cancer patients without met-

astatic bone disease (controls). Primary cancer of the

lung, breast, and prostate constituted 25%, 18%, and

12% of the patient sample, respectively. Patients were

followed for a mean of 21 months.6 Compared with

controls, the mean monthly incremental costs were

$24,946 higher for patients with lung cancer

(P < .001), $40,276 higher for patients with prostate

cancer (P < .001), and $63,455 higher for patients

with breast cancer (P < .001). Outpatient expendi-

tures represented the largest cost differential between

cases and controls.6

Bisphosphonates play an indisputable role in

preventing skeletal complications secondary to bone

metastases, reducing their rate of occurrence, and

delaying their onset.2 Tumor cells in bone marrow

secrete paracrine factors that stimulate osteoclasts,

leading to osteolysis and consequent disruption of

normal bone metabolism. Bisphosphonates act by

accumulating in the resorption lacunae, where they

are internalized by osteoclasts and disrupt the bio-

chemical processes required for bone resorption.

Bisphosphonates also have a direct apoptotic effect

on osteoclasts and may have a similar direct effect

on tumor cells.2,7

Bisphosphonates have demonstrated efficacy in

reducing skeletal complications related to metastatic

bone lesions in a range of solid tumor types, includ-

ing breast, prostate, and lung cancers.8 In breast can-

cer, for instance, bisphosphonate therapy has been

associated with fewer skeletal-related events, a delay

in the occurrence of events, reduced pain and anal-

gesic consumption, and improved quality of life.2

Consequently, these agents are considered an impor-

tant component of the overall management strategy

for malignant bone disease and its prevention. The

American Society of Clinical Oncology treatment

guidelines recommend the use of intravenous

bisphosphonates at first radiographic evidence of

osteolytic bone destruction in patients with breast

cancer.9

Zoledronic acid (ZA; Zometa, Novartis Pharma-

ceuticals, Florham Park, NJ), the most potent bispho-

sphonate,2 has an established efficacy profile in

patients with breast, prostate, and lung cancer as

well as in patients with multiple myeloma.10-13 In

clinical trials, ZA use reduced the proportion of

patients that experienced skeletal complications over

the study periods, prolonged the time to first skeletal

complication, and reduced the annualized number of

skeletal events compared with placebo.10-12 To pro-

vide evidence on the impact of ZA treatment on the

health of cancer patients with bone metastases in

the real-world treatment setting, we conducted an

outcome study using a nationally representative

claims database.
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MATERIALS AND METHODS
Study Design
This was a retrospective claims analysis study using

data from the PharMetrics integrated claims data-

base, a nationally representative database of medical

and pharmaceutical claims that contains 80 US

health plans and covers 55 million patients. Phar-

Metrics captures data on prescriptions, office visits,

hospital stays, procedures, and diagnostic tests. Phar-

Metrics datasets are structured to protect patients’

identity and are in compliance with the Health Insur-

ance Portability and Accountability Act of 1996. Phar-

Metrics datasets do not contain patients’ names.

Rather, patients are given a unique identifying num-

bers to enable the conduct of research like that

reported in this article.

Included in this study were patients who had a

single type of solid cancer tumor of the breast

(women), prostate, or lung, who were diagnosed with

bone metastasis, and who experienced �1 skeletal

complications (before or after receiving ZA) between

January 2002 and October 2005. Patients must have

been enrolled in the plan for at least 6 months

before their initial diagnosis of bone metastasis.

Excluded were patients who had cancers other than

breast, prostate, or lung and patients who had multi-

ple cancers. Also excluded were patients who had

received any type of bisphosphonate other than ZA.

Patients were stratified into 2 groups: untreated

(patients who had no exposure to intravenous

bisphosphonate of any type during the study) and

ZA-treated (patients who received ZA during the

study). On the basis of the dates retrieved from

claims data, several chronologic patterns of clinical

events were identified, including the following: bone

metastasis?ZA use?skeletal complication; skeletal

complication?ZA use?bone metastasis; same date

for skeletal complication and bone metastasis?ZA

use; same date for skeletal complication, bone me-

tastasis, and ZA use; bone metastasis?ZA use and

skeletal complication on the same day; skeletal com-

plication?bone metastasis, no ZA use.

A subpopulation of patients who did not experi-

ence any skeletal complications before ZA treatment

was also identified to assess the relation between the

initiation of ZA treatment and the time from bone

metastasis to the first and subsequent skeletal com-

plications. Patients in this subgroup met 1 of the fol-

lowing 3 chronologic patterns of clinical events: bone

metastasis?ZA use?skeletal complication (ZA-trea-

ted group); same date for bone metastasis and

ZA use?skeletal complications (ZA-treated group);

bone metastasis?skeletal complication, no ZA use

(untreated group).

Study Endpoints
We evaluated the following study endpoints: the rela-

tion between ZA use and no intravenous bispho-

sphonate treatment and length of follow-up from

metastasis to the last claim in the dataset; the asso-

ciation between ZA use and change in the rate of ini-

tial and subsequent monthly rates of skeletal

complications; the relation between ZA initiation and

the time to first and subsequent skeletal complica-

tions after bone metastasis; the relation between ZA

treatment persistency and length of follow-up; the

relation between ZA treatment persistency and

monthly rate of skeletal complications; and the asso-

ciation between administering ZA at the recom-

mended dosing schedule (every 3-4 weeks)13 versus

other dosing schedules and no treatment with the

development of skeletal complications.

Skeletal complications were defined as 1 of 4

events: radiation treatment, spinal cord compression,

pathologic fractures, and surgery to the bone.

According to the US label, the recommended dosing

interval for ZA is every 3 to 4 weeks13 (to sustain the

effect). Therefore, persistency was defined as treat-

ment duration with the absence of a gap >45 days

between 2 consecutive ZA treatments (every 3-4

weeks). The number of skeletal complications experi-

enced after bone metastasis was standardized on a

per-month basis. The length of follow-up was

defined as the duration (months) from the date of

bone metastasis diagnosis to the date of the last

claim found for the patient in the dataset.

Risk characteristics for all comparison groups

were identified, and comorbid conditions were used as

a means of calculating each patient’s Charlson Comor-

bidity Index (CCI). The CCI assesses a patient’s overall

severity of condition,14,15 which is computed based on

type and weight given to each comorbid condition.

The lower the CCI score, the less severe the patient’s

overall condition. International Classification of Dis-

eases, 9th Revision, Clinical Modification (ICD-9)

codes were used to identify cancer type, bone metas-

tases, and for skeletal complications (Table 1).

Statistical Analyses
Analysis of variance (ANOVA) tests and t tests were

used to compare outcomes between groups. Multiple

regression models were used to assess the association

between ZA treatment and rates of skeletal complica-

tions controlling for age and CCI. Regression models

also were used to assess the relation between ZA

treatment and length of follow-up controlling for age

and CCI. Cox regression models were used to investi-

gate the relation between ZA treatment persistency

and likelihood of continuing follow-up. The results
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presented were calculated for the combined cohort of

all patients with breast, prostate, or lung cancer.

RESULTS
Of the 78,782 cancer patients in the PharMetrics

dataset who had �1 bone metastasis diagnosis dur-

ing the study period, 4546 patients met additional

inclusion criteria: These included 1508 patients in

the ZA-treated group and 3038 patients in the

untreated group (Fig. 1).

Demographics
Overall, 46.1%, 34.2%, and 24.0% of patients with can-

cer of the breast (women), prostate, and lung, respec-

tively, received ZA. Patients with prostate cancer were

significantly older than patients with lung or breast

cancer (P < .05). Patients with breast cancer had the

lowest CCI, and patients with lung cancer had the high-

est CCI (P < .05). Significant differences were observed

between the ZA-treated group and the untreated group

for age, sex, and CCI (P < .001) (Table 2).

Monthly Follow-up Duration
Compared with no treatment, the mean follow-up

(�standard deviation) for patients who received

ZA was 3 months longer (8.7 � 9.28 vs 12.2 � 9.05

months, respectively; P < .001).

Monthly Rates of Skeletal Complications
Compared with no treatment, ZA use was associated

with a 33% reduction in the monthly rate of skeletal

complications (0.43 � 0.4 per month vs 0.29 � 0.3

per month, respectively; P < .001).

TABLE 1
Codes from the International Classification of Diseases, 9th Revision,
Clinical Modification

Cancer Type ICD-9 CM Code(s)

Lung cancer 162.XX, 162, 162.0. 162.2, 162.3,

162.4, 162.5, 162.8, 162.9

Breast cancer (women) 174.XX, 174, 174.0, 174.1, 174.2, 174.3,

174.4, 174.5, 174.6, 174.8, 174.9

Prostate cancer 185

Bone metastasis

Secondary malignant neoplasm

of bone and bone marrow

198.5

Skeletal complication

Radiation treatment delivery eg, 77413 (CPT-4 Code)

Spinal cord compression eg, 336.9

Pathologic fracture eg, 733.13

Surgery to the bone eg, 78.10

ICD-9 CM indicates International Classification of Diseases, 9th Revision, Clinical Modification; CPT-

4, Common Procedural Terminology, 4th edition.

FIGURE 1. Patient disposition. An asterisk indicates that patients in this group met 1 of several prespecified chronologic events; a dagger indicates that
patients met 1 of the following 3 chronologic events: bone metastases?zolendronic acid (ZA) use?skeletal complication (ZA-treated group); the same date for

bone metastasis and ZA use?skeletal complication (ZA-treated group); bone metastases?skeletal complication, no ZA use (untreated group).
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Relation Between ZA Treatment Persistency
and Clinical Outcome
Patients who persisted longer on the scheduled treat-

ment without a gap had better outcomes; for exam-

ple, those who persisted for >180 days had better

outcomes than those who persisted for <180 days.

Persistent use of ZA every 3 to 4 weeks was asso-

ciated with a longer follow-up duration compared

with less frequent dosing (P < .05) (Table 3) and,

according to Cox regression modeling (which was

controlled for CCI and age), a greater probability of

continuing follow-up (Fig. 2). Greater persistency in

ZA use also was associated with lower monthly rates

of skeletal complications (P < .05) (Fig. 3). This bene-

fit was demonstrated beyond 1 year of use.

Time From Bone Metastasis to First and Second Skeletal
Complications (in Patients Without Previous Skeletal
Complications)
Among the patients who did not have skeletal com-

plications before ZA initiation (subgroup analysis),

ZA treatment was associated with an almost 2-fold

greater time to the first skeletal complication and a

delayed time to the second skeletal complication

compared with patients in the untreated group (who

developed a skeletal complication after bone metas-

tasis diagnosis) (Fig. 4). The mean time to first skele-

tal complication was 185 � 210 days in the ZA-

treated group versus 98 � 161 days in the untreated

group (P < .0001). The mean time from first to sec-

ond skeletal complication was 111 � 124 days in the

ZA-treated group versus 86 � 114 days in the

untreated group (P < .05).

TABLE 2
Baseline Characteristics

Characteristic

Zoledronic Acid

Treated Group
(n 5 1508)

Untreated Group
(n 5 3038) P

Charlson Comorbidity

Index, mean � SD

8.59 � 0.9 8.93 � 1.3 <.001*

Age, mean � SD y 55.10 � 9.4 58.22 � 2.4 <.001*

Women/men, % 65.2/34.8 52.8/47.2 <.001y

SD indicates standard deviation.

* T test.
y Pearson chi-square test.

FIGURE 2. Zoledronic acid persistency was associated with greater proba-
bility of continuing follow-up.

TABLE 3
Persistent Use of Zoledronic Acid Was Associated With Longer
Follow-up Duration*

Treatment Persistency, d* Follow-Up Duration, mo

Untreated 8.7

31-90 9.6

91-180 11.5

181-365 14.8

>365 22.6

* Treatment persistency was defined as the absence of a gap >45 days between zoledronic acid

treatments.

FIGURE 3. Treatment persistency was associated with a lower monthly
rate of skeletal complications. Persistence was defined as the absence of a

gap >45 days between ZA administrations. A regression model that con-

trolled for age and Charlson Comorbidity Index was used to assess the rela-

tion between ZA treatment and rates of skeletal complications.

FIGURE 4. The use of zoledronic acid (ZA) was associated with a doubled
time to first skeletal complication (P < .0001; t test) and a delayed time to

second skeletal complication (P < .05; t test) compared with untreated

patients.
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Relation Between ZA Dosing Schedule, Monthly Rates
of Skeletal Complications, and Follow-up Duration
During the first 6 months of treatment, the use of

ZA according to the recommended dosing schedule

(every 3-4 weeks) was associated with a significantly

longer length of follow-up (17.11 months) compared

with the use of ZA at nonrecommended dosing sche-

dules (9.93 months) and no treatment (8.68 months;

ANOVA test; P < .001). Similarly, patients who

received ZA at the recommended dosage schedule

(every 3-4 weeks) experienced a lower rate of skeletal

complications (0.16 events per month) compared

with patients who did not follow the recommended

dosing schedule (0.31 events per month) and

untreated patients (0.43 events per month) (Fig. 5).

One-year data (albeit with a smaller number of ZA

users [n 5 605] and nonusers [n 5 1436]) demon-

strated a similar pattern for both parameters. The

use of ZA according to the recommended dosing

schedule (every 3-4 weeks) was associated with sig-

nificantly longer length of follow-up (21.5 months)

compared with the use of ZA at nonrecommended

dosing schedules (17.6 months) and no treatment

(15.9 months; ANOVA test; P < .001). Similarly,

patients who received ZA at the recommended

dosage schedule (every 3-4 weeks) experienced a

lower rate of skeletal complications (0.12 events per

month) compared with patients who did not follow

the recommended ZA dosage schedule (0.15 events

per month) and patients in the untreated group (0.17

events per month; ANOVA test; P < .001).

DISCUSSION
Skeletal complications from bone metastasis result in

substantial morbidity, including debilitating pain,

pathologic fracture, and spinal cord or nerve root

compression.1,2 Bisphosphonates play an important

role in reducing skeletal morbidity and are an inte-

gral part of the overall management strategy for ma-

lignant bone disease.2,9

ZA is the only bisphosphonate to date that has

broad efficacy in the treatment of bone metastases

from all solid tumor types, including lung and pros-

tate cancers.8 To our knowledge, this study is the first

to investigate the impact of ZA treatment in the real-

world, clinical practice environment. By using a

claims database, we sought to identify patterns of ZA

prescribing in clinical practice and evaluated the

associated clinical outcomes. The skeletal complica-

tions evaluated in our study were consistent with

those defined as endpoints in ZA clinical trials.10-12

The strength of the apparent relation between

ZA use and clinical outcomes observed in our retro-

spective analysis corroborated data obtained in ZA

clinical trials. In both settings, ZA use was associated

with a significantly reduced risk of developing a ske-

letal complication and a longer time between events

compared with placebo.

Clinical trials have reported lower rates of skele-

tal events (excluding hypercalcemia of malignancy)

in patients who received ZA compared with those

who received placebo. Among patients with breast

cancer, ZA use reduced the percentage of patients

with at least 1 skeletal event to 29.8% for patients

who received ZA 4 mg versus 49.6% for patients who

received placebo (P 5 .003).11 In a trial of patients

with nonsmall cell lung cancer or other tumor types

(excluding breast or prostate cancers),10 the skeletal

morbidity rate (defined as the number of skeletal

events per year) was 2.24 � 9.12 events per year for

patients who received ZA 4 mg versus 2.52 � 5.11

events per year for patients who received placebo

(P 5 .069). In a trial of patients with prostate cancer,

the skeletal morbidity rate (defined as the number of

skeletal events divided by the time at risk in years)

was 0.8 (95% confidence interval [CI], 0.57-1.03) in

patients who received ZA 4 mg versus 1.49 (95% CI,

1.03-1.94) for patients who received placebo

(P 5 .006).12 Similarly in our retrospective analysis,

ZA use was associated with a 33% reduction in the

monthly rate of skeletal complications compared

with no treatment. The follow-up for patients receiv-

ing ZA was 3 months longer compared with the fol-

low-up for patients in the untreated group.

ZA treatment significantly prolonged the time to

onset of first skeletal event, both in the clinical trial

setting and in the real-world treatment setting. For

example, in the clinical trial of patients with nonsmall

cell lung cancer and other solid tumors (excluding

breast or prostate), the median time to first skeletal

FIGURE 5. The use of zoledronic acid (ZA) at the recommended dosage
schedule (every 3-4 weeks) was associated with a reduced rate of skeletal

complications (analysis of variance, P < .001; post hoc test with mean dif-

ferences significant for all paired comparisons; P < .05).
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event (excluding hypercalcemia of malignancy) was

230 days for patients who received ZA 4 mg versus

163 days for patients who received placebo

(P 5 .023).10 Similarly, in a study of patients with

bone metastases from prostate cancer,12 the time to

first occurrence of skeletal-related event was �420

days in the ZA 4-mg treatment group versus a median

of 321 days in the placebo group (P 5 .011). In our

retrospective analysis, the subgroup of patients with-

out skeletal complications before the initiation of ZA

had an almost doubled time to the first skeletal com-

plication and had a delayed time to the second skele-

tal complication relative to no treatment.

Our study revealed that greater persistency with

ZA was associated with a longer length of follow-up

and a lower monthly rate of skeletal complications

compared with no treatment. For both of these per-

sistency endpoints, the beneficial association was

sustained beyond 1 year of ZA use. We also observed

that, during the first 6 months of therapy, use of ZA

at the recommended dosing schedule (every 3-4

weeks) was associated with a reduction �48% in the

monthly rate of skeletal complications compared

with the less frequent administration schedule or no

treatment.

In this retrospective analysis, the rate of ZA use

before development of skeletal complications was

low. Between January 2002 and October 2005, 27% of

patients with bone metastases in the ZA-treated

group received ZA before the first skeletal complica-

tion. Our findings suggest an apparent benefit of

starting ZA at the time bone metastases are diag-

nosed. This observation, however, may reflect clinical

practice only in part, because our study included

only patients with a history of at least 1 skeletal

complication. It is possible that ZA was prescribed

prophylactically for some patients in the PharMetrics

dataset; however, if they never developed a skeletal

complication during the study period, then they were

excluded from the analysis.

For this study, we used the first date of bone me-

tastasis as the index date for the computation of out-

comes (skeletal morbidity rate and length of follow-

up) for both the treated and untreated groups. (The

time since ZA initiation could not serve as the index

date, because there was no comparable time frame

for the nontreated patients). Because most of

patients who were included in our study had experi-

enced their first skeletal complication before they

were started on ZA, the monthly rates of skeletal

complications were greater than those reported in

clinical trials in which comparable baselines were

ensured by treating the time of randomization to

treatment versus no treatment as the ‘index date.’

Thus, our approach was conservative in nature; using

the time since bone metastasis rather than the time

since ZA initiation most likely biased the results

against ZA rather than in favor of ZA.

The somewhat lower than anticipated use of ZA

in this study cohort (46.1%, 34.2%, and 24% of

patients with breast, prostate, and lung cancer,

respectively) may have been a reflection of several

issues, including the finding that these claims data

lagged at least 1 year behind actual usage data. The

rate of adoption of ZA increased with time after its

market introduction in the United States. The current

study time frame was only 3 years since the intro-

duction of ZA to the market. Moreover, because

inclusion criteria stipulated a diagnosis of bone me-

tastasis and experience of at least 1 skeletal compli-

cation, patients who were treated with ZA who never

experienced skeletal complications were not included

in the study. In addition, the decision not to give ZA

may be based on numerous factors, including the

extent of nonskeletal disease. This parameter may

have been captured in part by the CCI, which

assesses a patient’s overall severity of condition.

Our ability to identify skeletal complications and

potential drug-related adverse effects depended on

the availability of unique identifiers, such as ICD-9

or Common Procedural Terminology (CPT) codes,

which did not capture related conditions or adverse

events. This drawback is discussed in the below (see

Limitations). Because bone metastasis and skeletal

complications were part of the inclusion criteria, we

did not address the preventative role of ZA in the de-

velopment of bone metastases.

Limitations
Our study had the inherent limitations associated

with a retrospective analysis using a claims database.

An effort was made to delineate the relation between

outcomes based on ZA treatment regimen; however,

the temporal relation hinged on when the provider

submitted a claim relevant to the study endpoint.

The date of drug administration was based on the

date of the claim, which may or may not have coin-

cided with the actual prescription or administration

date.

Lack of ZA persistency (eg, the use of ZA less fre-

quently than recommended) may have reflected cus-

tomization of the ZA treatment regimen for patients

with a poor performance status who had trouble-

some nonskeletal disease at other sites. Such a prac-

tice could have biased the study results. Given the

nature of a claims dataset design, data on perform-

ance status were not available for this study cohort.
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Calculating the length of follow-up was based on

the date of last claim, which may indicate that a

patient has died, discontinued using health services

(potentially as a result of tolerability issues), or dis-

enrolled from a health plan. Because of the claims

dataset study design, our ability to capture informa-

tion on skeletal complications and potential drug-

related adverse effects depended on the availability

of unique identifiers, such as ICD-9 or CPT codes. To

address conditions/issues that are not captured with

these unique identifiers would require a study design

based on actual chart review. This limitation must be

balanced with the ability of a claims database design

like that used in the current work to evaluate patient

outcomes based on a larger sample than can be

studied in a chart review-based study.

Other limitations were that the uneven break-

down of patients by cancer type and the associated

physician treatment patterns may have affected the

results; the PharMetrics database was employer

based, potentially limiting the number of patients

with prostate cancer (which often afflicts the elderly

population). In addition, the study results were based

on combined analyses of patients with solid tumors

of the breast, prostate, or lung, and small sample

sizes prevented the analysis of results by cancer type.

In addition, although the CCI adjusted for the

comorbidity of the study cohort (proxy for overall se-

verity of condition), the severity of cancer, bone

involvement, and extent of nonskeletal disease may

not have been captured completely by this index,

which may have biased the study results. The extent

of nonskeletal disease may have been an underlying

factor in the relatively low percentage of ZA use in

this study.

Finally, the findings from the current study per-

tain specifically to patients who have experienced

skeletal complications based on inclusion criteria.

Therefore, these results cannot be extrapolated to

patients who receive ZA and never experience skele-

tal complications. Further evaluation of the benefits

of ZA for the latter patient population is warranted.

In conclusion, although it is not possible to com-

pare clinical trials data directly with claims data

analyses, both ZA clinical trial data and real-world

data indicate that ZA reduces the skeletal morbidity

rate and delays the time to skeletal complications in

patients with breast cancer (women), prostate can-

cer, or lung cancer. The current study provides evi-

dence to the practicing oncology community of the

impact of ZA use and prescribing patterns on clinical

outcomes, thus helping practitioners make informed

clinical decisions regarding treatment approaches for

patients with bone metastases.
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