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Introduction: Metastasis of prostate cancer (PC) to bone (metastatic
bone disease, MBD) increases morbidity, but Canadian data are
lacking on the associated healthcare resource utilization (HCRU)
and costs. We quantified MBD-related HCRU and associated costs
in this population, and assessed skeletal-related events (SREs), such
as pathologic fracture, spinal cord compression, bone radiotherapy,
and bone surgery.

Methods: We conducted a retrospective, population-based
cohort study using the Québec health insurance agency database.
Prescription drug and medical services data were retrieved for
patients with =1 healthcare claim in 2001 with a PC diagnosis
(International Classification of Diseases, 9th Revision, Clinical
Madification [ICD-9-CM] code of 185.xx). Patients with =2 MBD-
related claims or an SRE were compared with a matched-control
group of PC patients without MBD. Patients were followed until
death, loss to follow-up, or the end of available data (August 31,
2010). Costs (in 2012 Canadian dollars) were adjusted for age, year
of MBD diagnosis, general health status, and baseline resource
utilization.

Results: Compared with controls (n = 1671), MBD patients (n = 626)
had significantly higher HCRU. Adjusted mean (95% confidence
interval) all-cause healthcare costs were $11 820 (7248-16 058)
higher, and MBD-related costs were $3 091 (1267-4861) higher
in MBD patients than in controls. Nearly 50% of MBD patients
received radiotherapy within 2.5 years of their MBD diagnosis, but
most exited the study without experiencing other SREs.
Conclusion: MBD imposes a heavy HCRU and cost burden among
patients with PC in Canada. Effective therapy is needed to reduce
the clinical and economic impact of MBD in this population.

Introduction

Prostate cancer (PC) is the most common cancer and the
second leading cause of cancer death among males in
Canada.” One in 8 men in Canada are expected to face a

PC diagnosis in their lifetimes and 23 600 new cases are pre-
dicted for 2014; PC accounts for 24% of male cancers.! Of
all solid tumours, PC has the highest incidence of metastatic
spread to bone, which occurs in 65% to 75% of advanced
cases.2 More than 70% of PC patients are diagnosed between
the ages of 60 and 80; therefore age-related change in bone
structure is an important element in the pathophysiology of
metastatic bone disease (MBD).? Nearly all patients who die
of PC have skeletal involvement,* and MBD increases the
risk of death nearly 7-fold in PC patients.’

Bone metastases in PC patients frequently lead not only
to intractable pain, but also to burdensome complications
known collectively as skeletal-related events (SREs).? SREs
include pathological fracture, spinal cord compression, bone
surgery, and radiation to bone.? Compared with other can-
cer types, the rate of SREs is elevated in advanced PC.2 PC
patients with SREs and MBD have a 10 times higher mortal-
ity risk compared to those without skeletal involvement.®

Available evidence, mainly from Europe and the United
States, reveals that MBD and SREs substantially increase
healthcare resource utilization (HCRU) and healthcare costs
in cancer patients.®'> The cost burden due to MBD among
PC patients in the United States was estimated at US$1.9 bil-
lion in 2004."* However, few studies have evaluated the
HCRU and costs associated with MBD in Canada, and none
have done so comprehensively for the PC population. In a
retrospective analysis of patient records from 4 hospitals
in Québec and Ontario, Habib and colleagues quantified
the HCRU attributable to SREs, but did not assess costs or
the complete healthcare burden of MBD.'® Dragomir and
colleagues used a simulation approach to estimate drug
costs associated with metastatic castration-resistant PC
in Canada.” While they reported drug costs for therapy
intended to prevent SREs, they did not evaluate resources
other than drugs used in the management of MBD and its
consequences.'’

To address the knowledge gap related to the burden of
illness of MBD in patients with PC in Canada, we under-
took a retrospective healthcare-claims database study in
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PC patients who had received prior androgen deprivation
therapy (ADT). The primary objective was to quantify HCRU
and associated costs directly related to MBD in this popu-
lation. Secondary objectives were to compare HCRU and
associated costs between patients who developed MBD and
those who did not, and to describe the incidence and time
course of SREs.

Methods

Study design

This was a retrospective, observational, non-interventional,
open-cohort study using records of a population-based phar-
maceutical and medical services administrative database in
Québec. As in other Canadian provinces, all Québec resi-
dents are eligible for public insurance coverage of physician
visits and medical services provided by clinics and hospi-
tals. In Québec, these services are covered by the Régie de
I’Assurance Maladie du Québec (RAMQ), which also covers
the cost of prescription drugs purchased in retail (but not
hospital) pharmacies by residents =65 years of age, welfare
recipients, and those without access to private drug plan
coverage, such as self-employed individuals. Data in the
RAMQ database have been validated previously and are
accurate and reliable for identifying drug prescriptions and
estimating inpatient length of stay and number of hospital-
izations.'®?

Demographic, prescription drug, and medical services
data were extracted for a sample of randomly selected
patients who had =1 claim with a PC diagnosis between
January 1, 2001 and December 31, 2001. To allow sufficient
time before this ascertainment window to capture initial
diagnoses and enough time afterwards to record outcomes,
we set the study period from January 1, 1996 to August 31,
2010. An earlier start date was not feasible due to a change
in the RAMQ database structure, which complicates data
requests before 1996. For each patient, the PC index date
was defined as the date of the first PC-related claim recorded
within the study period, which was used as a proxy for the
diagnosis date. The MBD index date was defined as the first
claim associated with a diagnosis of MBD starting on or fol-
lowing the PC index date — this served as the proxy for the
initial MBD diagnosis date.

Patients

In 2001, the RAMQ database included 7 291 001 admissible
patients covered by health services, and 3 159 781 covered
by the provincial drug plan, in which most (90%) of the
elderly population was enrolled. From this source popula-

tion, patients with a PC diagnosis were ascertained using a
method developed and validated by the Institut national de
santé publique du Québec.? Patients were identified based
on a claim associated with an International Classification of
Diseases, 9th Revision, Clinical Modification (ICD-9-CM)
diagnostic code for PC (ICD-9-CM code 185.XX) or a pro-
cedure code for physician diagnostic and therapeutic claims
related to PC. Patients were identified as new PC cases if
they had =2 additional claims dated on different occasions,
in <731 days following the first claim related to PC. Newly
diagnosed PC patients were excluded if they met any of the
following criteria: younger than 50 years; first claim not fol-
lowed by =2 other claims within 2 years; medical coverage
<2 years prior to PC index date; pharmaceutical coverage
<1 year prior to PC index date; no claim for ADT; a claim
for ADT prior to PC index date; or an osteoporosis-related
claim (ICD-9-CM code 733.0x or bisphosphonate use) prior
to ADT. In addition to capturing demographic and clinical
information, we estimated a validated index of disease and
health status, hospitalization, and mortality (the chronic dis-
ease score [CDS])* for all patients in the PC cohort.

MBD cases were identified using a combination of ICD-
9-CM diagnostic codes and a variety of procedure codes.
Patients were considered to have MBD if they had =2 MBD-
related claims within a 1-year period of each other, with
the first of these occurring on or after the PC index date.
Diagnoses or procedure claims considered MBD-related
were those associated with the following: pathologic frac-
ture (ICD-9-CM code 733.1x); spinal cord decompression or
compression (ICD-9-CM code 336.9x); radiotherapy related
to bone metastasis (to eliminate radiotherapy intended as
curative therapy for PC, only radiotherapy claims occurring
after the MBD index date and =6 months after the start of
ADT were included); MBD or a malignant bone neoplasm
(ICD-9-CM codes 198.5x or 170.x); or bone surgery. Patients
with <1 month of follow-up data after the MBD index date
and those who received their first prescription of ADT after
the MBD index date were excluded from the MBD cohort.

Matched-control patients were drawn from the pool of
patients in the PC cohort who received ADT, but otherwise
did not meet the criteria for an MBD diagnosis at any time
during the follow-up period. From 1 to a maximum of 4
control patients were matched by an algorithm to each MBD
patient for age, CDS score (as a proxy for disease severity),
date of PC diagnosis, and date of ADT initiation. Any MBD
patients for whom the matching algorithm did not yield =1
control patient were excluded from the study.

While unique identifier codes permitted matching of
patients’ demographic information with their medical and
drug use information for analysis, these were encrypted by
the RAMQ before providing the data for use in this study to
protect patient confidentiality.
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Study outcomes

The main outcomes were MBD-related HCRU and associ-
ated costs. MBD-related healthcare resources were identi-
fied by ICD-9-CM and/or procedure codes. These included
resources related to management of pathologic fracture, cord
compression, and hypercalcemia, and procedures of radio-
therapy, bone surgeries, hormonal implants or orchiectomy,
scintigraphy, magnetic resonance imaging (MRI), computed
tomography (CT), radiology, and biopsy. MBD-related drugs
included antiandrogens, luteinizing hormone releasing hor-
mone (LHRH) agonists, bisphosphonates, and selected opi-
oids. While these resources and drugs were related to MBD,
they could also be used by some patients without MBD (e.g.,
drugs prescribed with intent to prevent MBD, and diagnostic
imaging in patients with suspected MBD), thus resulting in
“MBD-related” HCRU and costs in the control group.

MBD-related costs were calculated by multiplying
MBD-specific HCRU by unit costs. All costs used were
from the RAMQ database except for hospitalization and
medical imaging, for which costs were based on Canadian
Institute for Health Information (CIHI) 2010 costs. Costs
were adjusted for inflation to December 31, 2012 using
the All-items Consumer Price Index for Québec for medical
costs and the Prescribed Medicine Consumer Price Index
for Québec for pharmaceutical costs.?> Chemotherapy costs
were not included, as these may have been for treatment of
PC rather than MBD.

SREs were identified with an adaptation of an algorithm
developed by Delea and colleagues.® An SRE was identified
based on the presence of =1 claim associated with either
radiotherapy or pathological fracture =6 months after ADT
initiation, spinal cord compression, or bone surgery.

Statistical analysis

Patient age, ADT use, and bisphosphonate use were assessed
at the MBD index date. Comorbidities, CDS, and all HCRU
were estimated over the 1-year period prior to the MBD
index date.

Mean per-patient per-year unadjusted HCRU and costs
post-MBD diagnosis were calculated over total person-years
at risk. Costs were also calculated with adjustment for age,
year of the MBD index date (reference year: 1998-1999),
MBD status, and both CDS and baseline resource utilization
in the year prior to the MBD index date.

The nonparametric Wilcoxon-Mann-Whitney test for con-
tinuous variables and the Chi-square test for dichotomous
variables were used to compare MBD patients and their
matched comparators. Multivariable analyses exploring
the association between HCRU and the presence of MBD
used general linear models (GLMs) with a negative binomial
distribution and a log link function using an offset term to

Bone metastases in prostate cancer

control for the length of follow-up, with the same covari-
ates used to adjust HCRU (i.e., age, year of MBD index
date, MBD status, CDS, baseline resource utilization in the
year prior to MBD index date). MBD-related drug use was
compared as a binomial variable (yes/no) using logistic
regression with the same covariates. A confidence interval
(Cl) for each estimate was computed using the percentile
bootstrap method. Adjusted costs were not disaggregated
within medical costs or pharmacy costs due to insufficient
data to reliably construct bootstrapped estimates.

Cumulative incidence of SREs was calculated from the
PC index date to the date of the first SRE. SRE incidence
was computed annually. Time to the first SRE was estimated
using the Kaplan-Meier method, from the beginning of ADT
to the first SRE, with censoring due to loss to follow-up or
the end of available data.

Data analyses were performed with SAS Statistical
Software v9.3 (SAS Institute Inc., Cary, NC).

Results

Patients

After applying the exclusion criteria, we had a total of 2297
patients for analysis, including 626 patients in the MBD cohort
and 1671 control patients (Fig. 1). The first PC index date was
in 1998 and the last in 2006; MBD index dates ranged from
1998 to 2010. The mean age was similar in the MBD and
control patients (Table 1), although a statistically significant
difference was observed (p = 0.0007) despite matching for

Table 1. Patient baseline characteristics at the MBD index
date

MBD patients :;?::‘:L pvalue
(n = 626) (n=1671)
Age, years
Mean 72.24 73.23
SD 6.25 5.91 0.0007
Min, Max 52.5, 87.5 52.5, 87.5
Time since PC index date, years
Mean 3.23 3.08 0.5042
SD 2.84 2.69
Min, Max 0.0, 11.9 0.0, 11.9
Comorbidities, n (%)
CvD 243 (38.8%) 744 (44.5%) 0.0139
Diabetes 94 (15.0%) 261 (15.6%) 0.7217
Chronic disease score
Mean 6.22 5.42
SD 3.50 3.60 <0.0001
Min, Max 0,18 0,17

CVD: cardiovascular disease; MBD: metastatic bone disease; PC: prostate cancer; SD:
standard deviation; Min: minimum; Max: maximum.
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Not meeting inclusion criteria:

« First claim not followed by =2 other claims
within 2 years (n=2,478)
» Medical coverage <2 years and pharmaceutical
coverage <1 year prior to PC index date (n=10,794)
» Without any filled prescription for ADT or
surgical castration (n=9,053)
« With a claim for ADT but prior to PC index

« Patients with a claim for osteoporosis prior to

Excluded (n=71)

» Hormonal therapy starts after
MBD index date (n=16)

* Less than 1 month of follow-up after
MBD index date (n=16)

» Not matched to a comparator* (n=39)

Assessed for eligibility
(N=16,995) (
Excluded (n=13,711)

€
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Fig. 1. Study cohort selection. *Patients were not matched (n=39) if they had =1 of the following criteria: <50 years old, first claim not
followed by =2 other claims within 2 years, medical coverage <2 years prior to PC index date, pharmaceutical coverage <1 year prior to
PC index date, no claim for hormonal therapy, a claim for hormonal therapy prior to PC index date, and an osteoporosis-related claim

prior to hormonal therapy. MBD: metastatic bone disease; PC: prostate cancer.

age because the number of control patients matched to each
control patient was not constant, ranging from 1 to 4. The
poorer health status of MBD patients in the 1-year period
preceding the MBD index date was revealed by their signifi-
cantly higher CDS score (6.22 vs. 5.42, p < 0.0001).

Healthcare resource use

With the exception of some diagnostic procedures that had
few occurrences, MBD patients consumed significantly more
healthcare resources in the year prior to the MBD index date
compared with controls (Table 2). Similar patterns were seen
for HCRU following the MBD diagnosis. The risk of con-
suming healthcare resources was significantly increased in
patients with MBD compared with controls for all healthcare
resources, except MRIs, bone density tests, and biopsies.

Healthcare costs

MBD patients incurred significantly higher mean costs over-
all and in each category of resource use, except ADT and

LHRH agonists (Table 3). Adjusted differences between MBD
patients and controls in all-cause or MBD-related pharmacy
costs were less than $250. All-cause and MBD-related med-
ical costs were $12 597 and $2835 higher, respectively, in
MBD patients compared with controls.

Skeletal-related events

Radiotherapy was by far the most common SRE, received
by 85% of MBD patients (Table 4). These results were con-
firmed by the Kaplan-Meier analysis (Fig. 2), which demon-
strated that nearly 50% of MBD patients received radiother-
apy within 2.5 years of their MBD diagnosis. Most patients in
the MBD cohort exited the study without experiencing spinal
cord compression, pathological fractures, or bone surgery.

Discussion

The present study is the first comprehensive assessment of
both HCRU and associated costs among PC patients with
MBD in Canada. Our results extend the finding of higher
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Fig. 2. Kaplan—Meier curves of time from PC index date to first skeletal-related event by type of event in patients with metastatic bone

disease. PC: prostate cancer

HCRU due to SREs reported by Habib and colleagues'® to
other MBD-related resource use, and reveal the costs associ-
ated with this increased HCRU.

These Canadian results also support European and
American studies, which found higher HCRU and costs for
patients with MBD.%101315 A cost-of-illness study of MBD in
the United States found that among PC patients, the presence
of MBD nearly tripled mean per-patient direct medical costs
(2004 US$56 281 vs. $19 781 for cases and controls, respect-
ively).”> This larger difference than observed in our study, in
which mean adjusted total healthcare costs were 62% higher
in PC patients with MBD compared with controls, may be
attributable to differences in healthcare prices and reimburse-
ment structures between the United States and Canada.?

Instead of comparing MBD patients to controls without
MBD, as done here, Hagiwara and colleagues compared
costs in the period before and after development of bone
metastases within a American cohort of PC patients with
MBD.? Adjusted total healthcare costs increased by 55%
from the pre-MBD period (mean cost, 2008 US$23 047 per
person-year) with development of bone metastases and no
SREs ($35 827), and by 104% with development of bone
metastases and SREs ($47 035). Thus, despite the different
type of comparison, the cost impact was similar.

We reported our results on an annual basis to convey the
overall HCRU and cost impact of MBD among patients with
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PC. A more granular perspective was taken in a recent hos-
pital claims database analysis, which reported an increased
intensity of HCRU and higher costs for patients with MBD
on a per-encounter rather than an annualized basis." In this
American study, hospital length of stay was on average 2
days longer and the average total cost per hospital encoun-
ter was 31% higher for PC patients with MBD compared
with control patients (2010 US$9728 vs. $7405, respect-
ively). Comparable findings were reported by Oglesby and
colleagues in a retrospective hospital database analysis of
PC patients in the United Kingdom; mean costs of initial
(index) hospitalizations were 37% higher among those with
bone metastases and no SREs (UK£2557; year of costing not
reported), and 93% higher among those with bone metastases
and SREs (£3618), compared with patients with neither MBD
nor SREs (£1871)."° In contrast, Pockett and colleagues found
smaller changes in mean hospitalization costs for patients in
Spain when comparing index admissions for PC (€3194; year
of costing not reported) vs. subsequent admissions for MBD
(€3180; -0.4%) or SREs (€3585; 12%),% perhaps reflecting
differences in hospital charges across countries.

Low utilization of bisphosphonates was observed in this
cohort of PC patients in Québec. Awareness of the import-
ance of bone health in PC among urologists in Québec was
enhanced following regulatory approval of the bisphosphon-
ate zoledronic acid in 2002. However, uptake of zoledronic

3N



Perrault et al.

Table 2. Healthcare resource use

N in year prior to MBD index date

Annual rate in follow-up

Regression analysis; adjusted annual rate in

Mean (SD) Mean (SD) follow-up*
VIBD Control  ; yalye MBD Control ), value  Coefficient RR or OR*
patients patients i patients patients : (95% Cl) p value (95% Cl)
Resource (n=626) (n=1671) (n=626) (n=1671) ¢ °
Hospitalizations
N 1.06 (1.41)  0.67 (1.15) <0.0001 2.82(4.93) 1.06(2.25) <0.0001 0.50 (0.37,0.62) <0.0001 1.64 (1.4, 1.87)
: ) P 2439 8.62
Days in hospital ~ 5.26 (11.72)  3.36 (9.42) <0.0001 s (2135 <0001 0.67 (0.49, 0.85) <0.0001 1.96 (1.64, 2.34)
Eir:ifsrgsncy room 4 73(2.66) 0.99 (1.98) <0.0001 3.07 (5.35) 1.68(2.90) <0.0001 0.26 (0.14,0.38) <0.0001 1.29 (1.15, 1.46)
Outpatient physician visits
GP visits 5.33(4.46) 4.77(4.31) 00082 4.04(5.89) 350 (4.43) 0.8546 0.16(0.05,0.26) 0.0027 1.17 (1.06, 1.29)
Specialist visits ~ 10.47 (7.56)  8.24 (7.05) <0.0001 11.08 (9.09) 6.05(7.00) <0.0001 0.39 (0.32, 0.46) <0.0001 1.47 (1.37, 1.58)
Total (GP + { 15.13
e 15.80 (8.45) 13.01(853) <0.0001 ™ 9.55(855) <o.ooo1§ 0.31(0.25,0.37) <0.0001 1.36 (1.28, 1.44)
Diagnostic procedures
MRI tests 0.09(0.33)  0.02(0.18) <0.0001 0.20(0.93) 0.03(0.17) <0.0001  0.90(0.57,1.24) <0.0001 2.47 (1.77, 3.44)
oone density 0.03(0.17) 0.02(0.14) 0.1604 = 0.03(0.12) 0.04(0.12) 0.0572 -0.22 (-0.53,0.09) 0.1619 0.80 (0.59, 1.09)
. 0.0006 . 0.0014 0.0004
Biopsies 00016 (0.04) oo 0.4700 o3 oon 03067 1.03(-1.25,3.31) 0.3753 2.80 (0.29, 7.33)
Diagnostic -0.25 (-0.46,
radiology tests  028(083)  020(064) 01510 0.16 (0.45)  0.20 (0.54) <0.0001 0.08) 0.0222 0.78 (0.63, 0.97)
CT tests 1.05(1.56)  0.41(0.86) <0.0001 1.37(2.38) 0.60(1.21) <0.0001 0.48 (0.34,0.62) <0.0001 1.61(1.40, 1.85)
Sointigraphy 079 (0.80)  0.35(0.59) <0.0001  0.38(0.76) 0.22(0.61) <0.0001 0.41(0.23,0.59) <0.0001 1.51(1.26, 1.81)
Medication use, n (%)
: 712 . -0.26(-0.49,
0, 0, H 0, H
ADT 418 (66.8%) 854 (51.1%) <0.0001 282(45.1%) 4500 0.2935 o 0.0298 0.77 (0.61, 0.98)
LHRH agonists 484 (77.3%) 988 (59.1%) <0.0001 347 (55.4%) ( 432;;/) 0.0090 | -0.18 (-0.42, 0.06) 0.1347 0.83 (0.66, 1.06)
Bisphosphonates 49 (7.8%) 69 (4.1%)  0.0004 = 130 (20.8%) (12‘;?,/) 0.0004 = 0.10 (:0.19,0.39) 04971 1.11(0.83, 1.48)
2 ./7/0
Opioids 164 (26.2%) 127 (7.6%) <0.0001 : 348 (55.6%) (32477‘,/) <0.0001 | 0.73(0.52,0.94) <0.0001 2.07 (1.68, 2.55)
H . o H

*RR calculated using general linear models for hospitalizations, physician visits, and diagnostic procedures; OR calculated using logistic regression for medication use; adjusted for age, CDS in
year prior to MBD index date, year of MBD index date (reference: 1998-1999), MBD status, and baseline resource utilization in year prior to MBD index date. ADT: androgen deprivation therapy;
CDS: chronic disease score; Cl: confidence interval; CT: computed tomography; GP: general practitioner; LHRH: luteinizing hormone releasing hormone; MBD: metastatic bone disease; OR:

odds ratio; RR: relative risk; SD: standard deviation; MRI: magnetic resonance imaging.

acid in Québec was limited by a highly restrictive “Patient
d’exception” reimbursement program before 2005, which
required prescribers to submit requests for reimbursement
on a per-patient basis to the Conseil du medicament. The
reimbursement criteria applied were not transparent, and
the success rate for obtaining reimbursement for zoledronic
acid in PC patients was low. In 2005, the responsibility
for reviewing the case-by-case reimbursement requests was
reassigned to RAMQ), and the criteria were clarified (chronic
disease, severe disease, and last-resort treatment), resulting
in an increase in approvals for reimbursement of zoledronic
acid. The study cohort would largely have been treated dur-
ing the period of the greatest restrictions on coverage of
zoledronic acid, since 74.4% of patients in the MBD cohort

had their MBD index date prior to 2005, which may account
for the observed low utilization of bisphosphonates.

The potential limitations of our study include the possi-
bility of the ascertainment algorithms falsely identifying or
failing to identify PC or MBD patients; the inability to defin-
itively ascribe a diagnosis to the index date; and incomplete
information with which to match MBD and control patients.
In addition, while the RAMQ database is a comprehensive
data source for outpatients, the only information it contains
for inpatients is length of stay and reason for hospitaliza-
tion. In particular, the only prescription drug dispensations
recorded in the RAMQ database are those purchased at retail
pharmacies, not those administered in hospitals. Finally, this
analysis excludes the utilization and costs of chemother-
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Table 3. Annual healthcare costs in follow-up
Unadjusted annual costs, $

Adjusted annual costs,” mean (95% Cl), $

Mean (SD)
Cost component
MBD patients ag:::;‘::‘ _ pvalue MBD patients Control patients Difference
(n = 626) P = (n = 626) (n = 1671)
1671)
Medical
All-cause 31905 (58 215) 11719 (26 417) <0.0001 27 346 (23 063; 32 557) 14 749 (12 912; 17 442) 12 597 (7812; 17 518)

MBD-related’ <0.0001 4479 (3710; 5752) 2835 (1095; 4847)

Hospitalizations*
All-cause

9079 (25 815) 3219 (12 333) 7314 (5919; 9367)

28 957 (56 480) 10 230 (25 355) <0.0001

MBD-related"’ 7403 (24 681) 2583 (11 719) <0.0001
Emergency room visits
All-cause 626 (1091) 342 (591) <0.0001
MBD-related’ 33 (189) 0.08 (2.41) <0.0001
Outpatient physician
visits
All-cause 873 (737) 517 (470) <0.0001
MBD-related’ 194 (327) 5.00 (34.00) <0.0001
Diagnostic procedures 1449 (2434) 630 (1212) <0.0001
Pharmacy
All-cause 5099 (4593) 4180 (3549) 0.0003 4883 (4519; 5244) 4636 (4451; 4896) 247 (-162; 584)
MBD-related’ 2298 (2663) 2004 (2422)  <0.0001 2343 (2117; 2585) 2575 (2439, 2737) -232 (-533, 52)
ADT 449 (934) 529 (989) 0.8300
LHRH agonists 1440 (1817) 1387 (1833) 0.1172
Bisphosphonates 206 (767) 56 (290) <0.0001
Opioids 202 (625) 33 (196) <0.0001
Total
All-cause 37 004 (58 231) 15899 (27 067) <0.0001 <0 8;2 éig;w; 19 016 (17 291; 21 186) 11 820 (7248; 16 058)
MBD-related" 11377 (26 196) 5223 (12 634) <0.0001 2 ;3;2?5" 6180 (5463;7104) 3091 (1267; 4861)

“Adjusted for age, CDS in year prior to MBD index date, year of MBD index date (reference: 1998-1999), MBD status, and baseline resource utilization in year prior to MBD index date .
"Resources considered to be indicative of MBD could also have been consumed by some control patients, e.g., for prevention or diagnosis. fIncludes both inpatient stays and day visits. ADT:
androgen deprivation therapy; CDS: chronic disease score; Cl: confidence interval; LHRH: luteinizing hormone releasing hormone; MBD: metastatic bone disease; SD: standard deviation.

apy. Since the use of chemotherapy in patients with PC is
driven by the presence of symptomatic metastatic disease,*
it is likely that our study underestimates the total economic
burden of MBD.

Conclusion

This study found a heavy burden of MBD. After adjusting for
baseline variables, patients with MBD had $11 820 higher
annual healthcare costs than controls, and most patients with
MBD experienced their first SRE about 2.5 years after PC
diagnosis. These results highlight the importance of effective
therapy to reduce the clinical and economic impact of MBD
among patients with PC.
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