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Androgen deprivation therapy (ADT) and bone metastases are the most
important risk factors for developing skeletal complications (eg, bone loss,
pathologic fractures) in prostate cancer (PC) patients with locally advanced
and metastatic disease. Bisphosphonates, which inhibit excessive osteoclast
activity caused by ADT and bone metastases, have proven to be safe and
effective in preventing skeletal complications and presently are the standard
of care in patients with metastatic disease. Bisphosphonates should be
considered for use in all PC patients with locally advanced disease initiating
ADT for an intended duration of at least 1 year, especially those with a low
baseline bone mineral density.
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(PC).! Although prostate-specific antigen (PSA) screening has improved
detection of early-stage, low-risk PC, many men still are diagnosed with ad-
vanced or metastatic disease.? Early detection and contemporary treatment strate-
gies (eg, administering androgen deprivation therapy [ADT] early in the course of
the disease) have been associated with increased survival rates. Approximately
90% of PC patients with localized, low-grade disease survive more than 10 years,

In 2006, approximately 235,000 men received a diagnosis of prostate cancer
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whereas patients with bone metas-
tases survive a median of 3 years.>*
Therefore, the long-term effects of PC
and its treatment, such as diminished
skeletal integrity, present a challenge
to clinicians.

Patients diagnosed with PC often
present with several risk factors for
skeletal complications (eg, bone loss,
fractures).>® For example, the results
of 1 study show that approximately
75% of locally advanced PC patients
receiving ADT for 12 months or less
had 2 or more osteoporosis-related
risk factors other than ADT (eg, low
testosterone levels, smoking history,
insufficient vitamin D or dairy intake,
age = 65 years, lack of exercise) at
baseline.® A common risk factor for
skeletal complications in PC patients
is hypogonadism caused by ADT.
Among men with locally advanced
PC, up to 20% of those with interme-
diate risk and 50% of those with high
risk receive primary ADT.>’

In patients with metastatic disease,
a major risk factor for skeletal com-
plications is bone metastases. As
many as 90% of PC patients will de-
velop bone metastases during the
course of their disease.” Therefore,
both PC patients with locally ad-
vanced disease who are receiving
ADT and those with metastatic dis-
ease are considered at high risk for
developing skeletal-related events
(SREs), such as debilitating bone pain,
pathologic fractures, and spinal cord
compression.

Besides lifestyle modifications (eg,
smoking cessation, regular exercise)
and an increase in intake of calcium
and vitamin D, bisphosphonate ther-
apy should be considered for PC
patients who are at high risk for
skeletal complications. Bisphospho-
nates, available in oral and intra-
venous (IV) formulations, are potent
inhibitors of osteoclast-mediated
bone resorption. During bone resorp-
tion, bisphosphonates accumulate in
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the bone matrix at sites of active bone
turnover and are internalized by os-
teoclasts, where they inhibit osteo-
clast activity by inducing apoptosis
and/or inhibiting maturation.?

In 1995, the US Food and Drug
Administration (FDA) approved the IV
use of bisphosphonate pamidronate to
treat bone lesions in patients with
multiple myeloma and metastatic
breast cancer.’ Currently, zoledronic
acid, the most potent commercially
available bisphosphonate, is the only
FDA-approved bisphosphonate for the
treatment of bone metastases in PC
patients (Table 1).>°'® Although no
bisphosphonate has received FDA

approval for the prevention or treat-
ment of ADT-related bone loss, sev-
eral studies have evaluated the use of
bisphosphonates for this indication
(Tables 1 and 2).%°2* Recent studies
have evaluated bisphosphonates for the
prevention and/or treatment of ADT-
or bone metastases-related skeletal
complications in PC patients with lo-
cally advanced or metastatic disease.

Skeletal Complications

in Patients With Locally
Advanced PC

Pathophysiology and Consequences
Skeletal complications in patients
with locally advanced PC result

Table 1
Food and Drug Administration—Approved Indications
for Bisphosphonates

Bisphosphonate Indications

Alendronate™
osteoporosis

e Prevention and treatment of postmenopausal

e Treatment of male osteoporosis
e Treatment of glucocorticoid-induced osteoporosis
e Treatment of Paget disease

Clodronate®* e None

Etidronate™

e Prevention and treatment of heterotopic ossification

e Treatment of Paget disease

Ibandronate'?

Pamidronate'

e Prevention and treatment of postmenopausal osteoporosis

e Treatment of osteolytic bone metastases (breast cancer

and multiple myeloma)
e Treatment of hypercalcemia of malignancy
e Treatment of Paget disease

Risedronate'*

e Prevention and treatment of postmenopausal osteoporosis

e Treatment of male osteoporosis
e Treatment of glucocorticoid-induced osteoporosis
e Treatment of Paget disease

Tiludronate'®

Zoledronic acid'®"’

e Treatment of Paget disease

e Treatment of bone metastases from solid tumors,

including prostate cancer
e Treatment of multiple myeloma
e Treatment of hypercalcemia of malignancy
e Treatment of postmenopausal osteoporosis
e Treatment of Paget disease

*Not commercially available in the United States.
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primarily from ADT-induced bone
loss. Historically, ADT was reserved
for patients with metastatic disease,
but the most recent National Compre-
hensive Cancer Network guidelines
for PC recommend ADT with or with-
out radiation therapy as initial ther-
apy for patients with locally ad-
vanced disease.”** ADT is also
commonly used to decrease gland
volume before radiation therapy in PC
patients with larger prostate glands.
ADT, through either medical (ie,
administering luteinizing hormone-

toward increased bone resorption by
stimulating osteoclast activity, de-
creasing osteoclast apoptosis, and in-
creasing osteoblast apoptosis.?® Conse-
quently, PC patients with locally
advanced disease receiving ADT expe-
rience annual reductions in bone min-
eral density (BMD) of 1.9% to 4.6% in
the lumbar spine (LS), 1.8% to 2.8%
in the total hip (TH), and 1.1% to 4%
in the femoral neck (FN). These rates
exceed by 5- to 10-fold the annual
rates of bone loss observed in healthy,
age-matched controls and PC patients

Skeletal complications in patients with locally advanced prostate cancer
result primarily from bone loss induced by androgen deprivation therapy

(ADT).

releasing hormone agonists = an an-
tiandrogen) or surgical (ie, bilateral
orchidectomy) castration, signifi-
cantly decreases endogenous levels of
testosterone (up to 95%) and estrogen
(up to 80%), which are essential me-
diators of bone resorption.”

Estrogen is well known for its piv-
otal role in maintaining bone health
in men. Estrogen decreases osteoclast
formation, activity, and lifespan and
possibly increases osteoblast forma-
tion, proliferation, differentiation,
and function.”® Normal fluctuations
in estrogen levels help maintain the
delicate balance between bone resorp-
tion and bone formation, a process
known as bone remodeling. Testos-
terone may indirectly or directly in-
fluence the bone-remodeling process.
The conversion of testosterone to es-
trogen via aromatization indirectly
affects bone health by increasing es-
trogen levels.” Testosterone has also
been shown to increase the lifespan of
osteoclasts and osteoblasts directly by
inhibiting their apoptosis and may
stimulate osteoblast proliferation.

Deficiencies in testosterone and es-
trogen, such as those induced by ADT,
shift the balance of bone remodeling

who are not receiving ADT,>!922:23:26-29

Based on the results of a study evalu-
ating bone loss in patients receiving
acute (mean duration of therapy, 2.9
months) or chronic (mean duration,
33.2 months) ADT, Greenspan and
colleagues®® concluded that bone loss
is most significant during the first 12
months of ADT.

Although prospective studies eval-
uating the relationship between BMD
and fracture rates have not been per-
formed in nonmetastatic PC patients
receiving ADT, the results of several

alendronate, IV pamidronate, and IV
zoledronic acid, for the prevention
and treatment of ADT-related bone
loss in PC patients with locally ad-
vanced disease (Table 2).%'®23 Qral
bisphosphonates have been proven
effective for preventing further bone
loss in osteoporotic men.>* The results
of a recent 2-year, double-blind, ran-
domized, placebo-controlled study by
Greenspan and colleagues'® demon-
strated that oral alendronate (70 mg)
administered once weekly was more
effective than placebo in preventing
bone loss and increasing BMD in
patients with locally advanced PC
receiving ADT. Further studies con-
firming these results are warranted
before oral bisphosphonates can be
recommended for the prevention or
treatment of ADT-related bone loss.
In a randomized, open-label, con-
trolled study, Smith and colleagues®
demonstrated that pamidronate
60 mg IV administered every 12
weeks prevented bone loss in PC pa-
tients initiating ADT. Although no
significant change in LS or TH BMD
measurements from baseline was
observed in patients receiving
pamidronate at 48 weeks, patients
receiving placebo showed significant
decreases in LS and TH BMD mea-
surements. The authors concluded

Bone loss is most significant during the first 12 months of ADT.

studies demonstrate that these pa-
tients are 21% to 37% more likely to
experience a fracture than are pa-
tients not receiving ADT.**>? Further-
more, PC patients receiving ADT are
more likely to require fracture-related
hospitalizations (4.9% vs 2.2,
P <.001).%°

Bisphosphonate Therapy for ADT-
Related Skeletal Complications
Efficacy. Several studies have evalu-
ated bisphosphonates, including oral

that pamidronate maintains BMD in
locally advanced PC patients who are
receiving ADT.*

The results of 4 randomized, con-
trolled studies indicate that zole-
dronic acid (4 mg IV every 3 months)
not only prevents further bone loss
but also increases BMD of the LS
(3.3% to 5.6%), TH (0.9% to 1.6%),
and FN (1.2% to 1.8%) when initiated
either concurrently or within the first
year of ADT initiation.>'**** Patients
in the control group of these studies
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experienced net losses in BMD of the
LS (—1.5% to —2.2%), TH (—2.0% to
—2.8%), and FN (—1.7% to
—2.40)0).519-2023 Interestingly, Israeli
and colleagues® demonstrated that
patients with a low baseline BMD had
greater increases in LS BMD than pa-
tients with a normal baseline BMD
(5.8% vs 4.4%)—suggesting an inverse
relationship between baseline BMD
and magnitude of response to zole-
dronic acid.

A more recent randomized, open-
label study evaluating the effects of
a single IV dose of zoledronic acid
(4 mg) on BMD at 12 months in 44 PC
patients receiving ADT showed a sim-
ilar increase in LS (4%) BMD, but a
slightly lower increase in TH (0.7%)
BMD compared with those observed
in the studies evaluating zoledronic
acid 4 mg every 3 months; patients
receiving placebo showed decreases
in both LS (—3.1%) and TH (- 1.9%).”
Further study is required to determine
the feasibility of administering zole-
dronic acid less frequently (eg, every
12 months vs every 3 months).

Which bisphosphonate and which
regimen will produce the most favor-
able outcomes and whether bisphos-
phonate therapy should be used rou-
tinely in all patients with locally
advanced PC initiating or during the
first year of ADT are unknown.
Nonetheless, patients being consid-
ered for ADT should be evaluated for
baseline osteoporotic risk factors, in-
cluding low BMD. The results of re-
cent studies suggest that zoledronic
acid not only prevents bone loss but
also reverses existing bone loss in PC
patients receiving ADT. Although pa-
tients with either normal or low base-
line BMD responded to zoledronic
acid in these trials, patients with low
baseline BMD experienced maximum
benefit when zoledronic acid therapy
was initiated during the first 12
months of ADT.*!'®?%23 Furthermore,
evidence supports the effectiveness of
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bisphosphonates in otherwise healthy
men with osteoporosis.> Therefore,
bisphosphonate therapy should be
strongly considered for patients with
baseline osteopenia or osteoporosis
who are initiating or receiving ADT.**

Fractures are the most clinically
relevant potential consequence of
ADT-induced bone loss, but whether
bisphosphonate therapy actually pre-
vents fragility fractures in PC patients
receiving ADT remains unknown.**
Fractures typically occur in patients
who have received more than 12
months of ADT.*® Studies evaluating
the effects of zoledronic acid on BMD
have not assessed outcomes beyond
12 months of therapy and were not
designed to detect differences in 12-
month fracture rates between the bis-
phosphonate and control groups;
therefore, detecting a clinically mean-
ingful or significant difference in the
1-year fracture rate would be un-
likely.®'**3 Because BMD is inversely
related to fracture risk in men with
PC, maintaining or increasing BMD in
PC patients receiving ADT is likely to
lower the risk and incidence of
fragility fractures.®® Nevertheless,
studies evaluating bisphosphonates
for preventing fractures in PC patients
receiving ADT are needed.

Safety. Generally, oral and IV bis-
phosphonate therapies are well toler-
ated in patients with locally advanced
PC receiving ADT (Table 2). The most
common adverse events (AEs) ob-
served in men receiving alendronate
in male osteoporosis studies are gas-
trointestinal related, including gas-
troesophageal reflux, dyspepsia, and
diarrhea.™

In recent randomized, controlled
studies evaluating the IV bisphospho-
nates (ie, pamidronate, zoledronic
acid) in men with locally advanced
PC, the most common AEs were an
acute-phase reaction or influenza-
like illness (14% to 15%), hot flashes
(23% to 580%), fatigue (10% to 389%),
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arthralgias (13% to 22%), and fever
(10% to 11.5%).%'****>?3 The 6 clini-
cal trials evaluating use of IV bispho-
sphonate in PC patients with locally
advanced disease summarized in this
article reported only 2 cases of no-
table increases in serum creatinine
(SCr) levels and no cases of os-
teonecrosis of the jaw (ONJ).>'*->* ONJ
is a poorly understood and uncom-
mon event that has been reported in
cancer patients receiving complex
treatment regimens, including radia-
tion therapy, chemotherapy, and/or
corticosteroids, along with an IV
bisphosphonate.’**” ONJ has been
reported more frequently in patients
with cancer types other than PC.*’

Furthermore, cancer patients who
have undergone invasive dental pro-
cedures (eg, tooth extraction) are at
greater risk of developing ONJ. There-
fore, preventative dentistry before
and during bisphosphonate therapy
should be considered. Referral to a
dental professional is important in
suspected cases of ONJ. Prospective
clinical trials to further characterize
ONJ and evaluate its recognition, pre-
vention, and management in cancer
patients receiving IV bisphosphonates
are ongoing.

Skeletal Complications in PC
Patients With Metastatic Disease
Pathophysiology and Consequences
The molecular and cellular character-
istics of PC cells as well as the bone
microenvironment and the accessibil-
ity of PC cells to the systemic vascu-
lature make bone the most common
site for PC metastases.®?® The mecha-
nism by which PC cells metastasize to
the bone is a complex, multistep
process highly influenced by various
growth factors, proteolytic enzymes,
and cell adhesion molecules.®* This
process begins with angiogenesis,
which in turn allows detached PC
cells to invade the vasculature and
deposit into capillaries of the bone,
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where they depart from the vascula-
ture, invade the marrow stroma, and
eventually adhere to and colonize the
bone matrix (Figure 1).%2%%°

Once established within the bone
microenvironment, PC cells secrete
growth factors that stimulate osteo-
clast and osteoblast activity, inter-
rupting bone homeostasis.® Increased
osteoclast activity and osteolysis trig-
ger the release of bone-derived
growth factors and cytokines that, in
turn, stimulate PC cell survival and
proliferation.® Increased osteolysis
naturally causes a paracrine stimula-
tion of osteoblasts to repair bone. PC
cells also secrete factors, such as bone
morphogenetic protein 6 (BMP-6),
that further encourage osteoblast ac-
tivity and are believed to contribute
to the osteoblastic phenotype of PC
bone metastases.’® This process is
cyclical; osteoblasts further stimulate
PC cell proliferation.*

Osteoblastic lesions produce new
bone growth that is often misplaced
and poorly mineralized, resulting in
new bone tissue with reduced in-
tegrity.®*° Bone metastases often lead

to debilitating bone pain and other
skeletal complications, such as im-
paired mobility, spinal cord compres-
sion, pathologic fractures, and, some-
times, hypercalcemia.*® In a clinical
trial evaluating zoledronic acid ther-
apy for the prevention of SREs, ap-
proximately 50% of control patients
with hormone-refractory PC and bone
metastases experienced a skeletal
complication, such as requiring a
change in antineoplastic therapy to
treat bone pain (7%), requiring radia-
tion therapy to relieve bone pain or
prevent fracture or nerve compression
(339%), spinal cord compression (8%),
or pathologic fractures (25%).**"*

Bisphosphonate Therapy for the
Treatment of Bone Metastases—
Related Skeletal Complications
Efficacy. Although PC bone metas-
tases are typically osteoblastic in na-
ture, osteoclast-mediated bone de-
struction is believed to contribute
significantly to bone morbidity in PC
patients with bone metastases; there-
fore, bisphosphonate therapy to in-
hibit osteoclast-mediated osteolysis is

Figure 1. Steps required for prostate cancer to metastasize to bone. Reprinted with permission from The Endocrine
Society and Guise and Mundy.*® Copyright 1998, Endocrine Reviews.
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a rational treatment option.>’* Clo-
dronate, pamidronate, and zoledronic
acid have been evaluated for the pre-
vention of SREs in patients with bone
metastases in recent clinical trials
(Table 3).*"** The use of bisphospho-
nates has typically been reserved for
patients with bone metastases after
ADT failure, but one recent study
evaluated clodronate (not commer-
cially available in the United States)
in patients with hormone-sensitive
metastatic disease.”>***® In this dou-
ble-blind, randomized, placebo-
controlled trial, Dearnaley and col-
leagues® evaluated oral clodronate
(2080 mg/day) administered to pa-
tients initiating or responding to ADT.
Patients receiving clodronate had
slightly longer, albeit statistically
insignificant, bone progression (ie,
symptomatic skeletal-disease progres-
sion)-free survival and overall sur-
vival times compared with patients
receiving placebo. Furthermore, pa-
tients receiving clodronate were sig-
nificantly less likely to experience
worsening of their World Health
Organization performance status
(P = .008).

Whether the use of a more potent IV
bisphosphonate (eg, zoledronic acid)
would be more effective in this patient
population is unknown.** The Na-
tional Cancer Institute is currently
conducting a phase III, randomized
study evaluating zoledronic acid in PC
patients with bone metastases under-
going ADT, to further define the role
of bisphosphonates in these patients.*

Three randomized, placebo-
controlled studies have recently eval-
uated clodronate, pamidronate, and
zoledronic acid in patients with
hormone-refractory PC with bone
metastases; only zoledronic acid sig-
nificantly reduced the incidence of
skeletal complications (ie, SREs, bone
pain) in this patient popula-
tion.**2%*% For the National Cancer
Institute of Canada Clinical Trials
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Table 3

Clinical Trials Evaluating Bisphosphonates for the Prevention of Skeletal Complications
in Prostate Cancer Patients With Bone Metastases

Study/Regimen* Primary Endpoint Comments and AEs
Dearnaley 2003*
Clodronate BPFS time® e No significant difference in BPFS time (HR = 0.79; 95% CI, 0.61-1.02;
2080 mg PO q d P = .066) or overall survival time (HR = 0.8; 95% CI, 0.62-1.03;
X3y P = .082) between groups
(n = 155) e Median time to SRE: 23.6 vs 19.3 mo (95% CI, 0.8-11.5 mo)
'S e BPFES at 2 y: 49.3% vs 41%; absolute difference, 8.3% (95% CI, —1%-18%)
placebo ® 29% reduction in risk of worsening WHO performance status in
(n = 156) clodronate group (95% CI, 8%-44%; P = .008)

e AEs: more frequent in patients receiving clodronate® (P = .02);
dose-modifying AEs more common in clodronate group (P < .0001)

Ernst 2003**
Clodronate
1500 mg IV
q 3 wk
(n = 104)

Vs
placebo
(n = 105)

Reduction in pain

and/or analgesic use®

e Achievement of primary endpoint: 45% vs 39% (P = .54)

e Median duration of response, symptomatic PFS time, overall survival
time, QOL similar between groups

e AEs: serious AEs were infrequent and similar in both treatment groups

Saad 2002,* 2004*
Zoledronic acid
4 mg IV q 3 wk
X 20
(n = 214)
VS
zoledronic acid
8/4 mg IV q 3 wk
X 20
(n = 221)
'S
placebo
(n = 208)

Proportion
of patients having
at least 1 SRE!

15-month analysis

e At least 1 SRE in significantly fewer patients receiving zoledronic acid
4 mg vs placebo (33.2% vs 44.2%, P = .021)

e Fewer fractures in patients receiving zoledronic acid vs placebo (4 mg,
13.1% vs 22.1%, P = .015; 8/4 mg, 14.9% vs 22.1%, P = .054)

e Time to first SRE not reached by end of study (day 420) in patients
receiving zoledronic acid 4 mg; median time to first SRE was 321 d in
placebo group

e Mean skeletal-related morbidity” rates lower for all SREs in patients
receiving zoledronic acid 4 mg vs placebo (P = .006)

e Similar time to disease progression, survival time, and QOL scores among
groups

e AEs: fatigue, anemia, myalgia, fever, and lower-limb edema 5% more
common in both zoledronic acid groups vs placebo; renal function
deterioration slightly more common in patients receiving zoledronic
acid 8/4 mg vs placebo (RR 1.76 [95% CI, 0.79-3.93; P = 165]); no
zoledronic acid-related renal failure or ONJ

24-month analysis

e At least 1 SRE in significantly fewer patients receiving zoledronic acid 4 mg
vs placebo (38% vs 49%, P = .028) by 24 mo; between 15 and 24 mo,
19% vs 38% of patients experienced at least 1 SRE (P = .017)

e Annual SRE incidence lower in zoledronic acid 4 mg group vs placebo
(0.77 vs 1.47, P = .005)

e Time to first SRE longer in zoledronic acid 4 mg group vs placebo (488 vs
321 d, P = .009)

e AEs: similar to AEs observed in 15-month analysis
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Table 3
(Continued)

Study/Regimen* Primary Endpoint Comments and AEs
Small 2003*
Pamidronate Reduction in pain e Changes in baseline pain scores and analgesic use similar between groups
90 mg IV q 3 wk and/or analgesic use** at 9 and 27 wk
X 9 e Number of SREs* at wk 9 (12% vs 119%) and wk 27 (25% for both
(n = 169) groups) similar between pamidronate and placebo groups, respectively
VS e AEs: no between-group differences; no pamidronate-related renal failure
placebo or ONJ
(n = 181)

*Patients (n) evaluable for efficacy analysis.

"Defined as either time to development of symptomatic bone metastases requiring intervention or PC-related death; does not include asymptomatic
disease progression (eg, asymptomatic vertebral fracture) often included in the definition of skeletal-related event.

*Most common AEs included gastrointestinal problems, increased lactate dehydrogenase levels, cardiovascular problems, joint pain.

SPain reduction defined as PPI of 0 or reduction by 2 points in PPI scale; a decrease in analgesic use defined as 50% reduction.

IDefined as pathologic bone fracture, spinal cord compression, bone surgery, radiation therapy of bone, change in antineoplastic therapy to treat bone

pain.

“To reduce renal toxicities, zoledronic acid dose decreased to 4 mg for all patients per protocol amendment.
*Defined as number of SREs divided by years at risk.
**Pain measured using a self-administered numeric rating scale and categorized as “least,” “average,” or “worst” pain at each study visit; analgesic use
self-recorded daily and assigned oral morphine equivalents.
*Defined as radiation therapy of bone for pain relief, radiation therapy of bone to prevent fracture or spinal cord compression, pathologic fracture,
spinal cord compression, bone surgery, hypercalcemia, or a need for a spinal orthotic brace.
AE, adverse event; BPFS, bone progression-free survival; CI, confidence interval; HR, hazard ratio; IV, intravenous; ONJ, osteonecrosis of the jaw;
PES, progression-free survival; PPI, present pain index; QOL, quality of life; RR, relative risk; SRE, skeletal-related event; WHO, World Health

Organization.

Group, Ernst and colleagues com-
pared IV clodronate with placebo for
pain palliation in men with sympto-
matic bone metastases and observed
no differences between groups in pri-
mary or secondary outcome mea-
sures.** Small and colleagues® also
reported no differences in pain scores,
analgesic use, and SRE rates between
patients with symptomatic bone
metastases receiving IV pamidronate
or placebo.

In a 24-month study evaluating
zoledronic acid 4 mg or 8 mg infused
over 5 to 15 minutes (because of renal
toxicity, midstudy protocol amend-
ments increased the infusion time to
15 minutes from 5 minutes and re-
duced the dose to 4 mg from 8 mg in
all patients receiving zoledronic acid)
every 3 weeks for the prevention of

SREs, Saad and colleagues*** ob-
served a statistically significant differ-
ence in patients who experienced at
least 1 SRE at both the 15-month in-
terim and the 24-month final analysis
between patients receiving zoledronic
acid 4 mg and placebo (33.2% vs
44.200, P = .021). Additionally, pa-
tients in the placebo group experi-
enced an SRE approximately 160 days
earlier than patients in the zoledronic
acid 4 mg group. Finally, patients re-
ceiving placebo were more likely to
experience a pathologic fracture.*"*>
Small and colleagues*® observed a
50% decrease in urinary markers of
osteoclast activity in patients receiv-
ing pamidronate, whereas a decrease
of 70% was observed by Saad and
colleagues® in patients receiving
zoledronic acid. This difference may

indicate a dissimilarity in the ability
of these 2 bisphosphonates to inhibit
osteoclast activity and explain the
improved efficacy of zoledronic acid
in preventing skeletal complications
in patients with bone metastases.’
Zoledronic acid has been shown to
significantly decrease the risk of
skeletal complications in PC patients
with bone metastases. Consequently,
current PC treatment algorithms sup-
port the use of zoledronic acid to pre-
vent skeletal complications.**

Safety. In general, oral and IV
bisphosphonates are well tolerated in
PC patients with bone metastases
(Table 3).*"** Dearnaley and col-
leagues,** however, observed a higher
incidence of AEs and AE-related dose
modifications in patients receiving
oral clodronate compared with
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placebo. The most common AEs re-
ported in this trial included gastroin-
testinal problems and increased lac-
tate dehydrogenase levels.*

In a clinical trial assessing PC pa-
tients with bone metastases, the inci-
dence of AEs did not differ between
patients receiving pamidronate or
placebo.”® In clinical trials evaluating
zoledronic acid, however, anemia, fa-
tigue, fever, lower-limb edema, and
myalgia occurred in at least 5% more
patients receiving zoledronic acid
compared with placebo.*"**

In recent studies of patients receiv-
ing IV pamidronate or IV clodronate,
changes in baseline SCr levels were
not reported.**** In contrast, approxi-
mately 3% of patients receiving zole-
dronic acid 4 mg or 8/4 mg experi-
enced grade-3 increases in SCr
levels."*? The rate of SCr-level in-
creases in patients receiving the 15-
minute infusion of zoledronic acid
4 mg, however, was similar to that in
patients receiving placebo. This find-
ing is similar to that of other studies
and indicates that renal impairment
in patients receiving IV bisphospho-
nates is most likely related to the dose
and infusion rate.*! Although ONJ has
been reported in PC patients receiving
zoledronic acid 4 mg administered
every 4 to 6 weeks, no cases of ONJ
were reported in these clinical tri-
als>®41:424445 Progpective clinical tri-
als are planned to further evaluate the
incidence and risk factors for ONJ in
cancer patients receiving IV bisphos-
phonates.”’

Conclusions

Skeletal complications, such as bone
loss, fractures, bone pain, and spinal
cord compression, are a major cause
of morbidity in patients with locally
advanced or metastatic PC. Bisphos-
phonates have proved to be safe and
effective for preventing or treating
skeletal complications secondary to
ADT or bone metastases.®'82341:42
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Currently available evidence is most
ample in supporting the use of zole-
dronic acid in both patients with lo-
cally advanced disease receiving ADT
and patients with bone metastases.

Bisphosphonate therapy is the stan-
dard of care for reducing skeletal
complications in patients with bone
metastases, in whom the benefits of
improved BMD outweigh the risks of
AFs.?* Evidence supporting the use of
bisphosphonates in patients with lo-
cally advanced disease receiving ADT
is mounting, and recommendations
for their use in this population are
most likely forthcoming. Several
unanswered questions regarding bis-
phosphonate use in patients with lo-
cally advanced disease warrant fur-
ther study.

First, the feasibility of administering
bisphosphonate therapy to all patients
receiving ADT is unknown. In a study
that completed a subanalysis of the ef-
fects of zoledronic acid in patients
stratified according to baseline T score
(low baseline T score [= —1 and
= —2] vs normal baseline T score
[> —1]), zoledronic acid was more ef-
fective in preventing and reversing
bone loss in patients with low baseline
T scores.® Because most PC patients
receive several years of ADT, which
places them at risk for ongoing bone
loss, and the results of clinical trials
show patients with normal baseline
BMD (T score = —1.0) benefit from
zoledronic acid therapy, administering
zoledronic acid to prevent bone loss in
PC patients receiving ADT with nor-
mal baseline BMD seems logical.®

Second, the cost-effectiveness of
prescribing bisphosphonate therapy
in all PC patients is unknown. Studies
evaluating which patients should re-
ceive bisphosphonates, from both
clinical and economic perspectives,
need to be completed.

Third, although under investigation,
neither the appropriate time to initiate
nor the duration of bisphosphonate
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therapy has been clearly established.
Most studies have reported only 12-
month results with bisphosphonate
therapy in patients initiating or having
received 12 months or less of ADT.*'23
Therefore, additional studies evaluat-
ing other potential initiation times (eg,
when decreases in baseline BMD are
evident), as well as longer follow-up
(eg, 5-10 years), are needed to deter-
mine the best time to initiate as well
as the long-term effects of bisphos-
phonates.

Although evidence to date suggests
that the optimal regimen for prevent-
ing bone loss in patients with locally
advanced disease receiving ADT is
zoledronic acid 4 mg administered
every 3 months, results from a recent
study by Michaelson and colleagues?!
suggest that a single annual dose of
zoledronic acid may be effective in
this population; thus, studies con-
firming these results and evaluating
alternative dosages, including head-
to-head evaluations of various regi-
mens, are warranted.®'®22*> Some
clinicians believe that initiating bis-
phosphonate therapy before the first
dose of ADT is administered is opti-
mal, but there is no evidence from
randomized, controlled trials to sup-
port this strategy.

Fourth, the difference in fracture
rates between patients receiving bis-
phosphonate therapy and control
groups has not been adequately as-
sessed in clinical trials. The Radiation
Therapy Oncology Group is conduct-
ing a large, ongoing, randomized,
double-blind, placebo-controlled study
assessing the safety and efficacy of
zoledronic acid for the prevention of
bone loss and associated fractures in
patients receiving radiation therapy
and long-term ADT (luteinizing hor-
mone-releasing hormone agonists)
for high-grade and/or locally ad-
vanced PC.*” Finally, whether bisphos-
phonates prevent the development
of bone metastases is unknown.
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Preliminary evidence is promising,
however, and the results of ongoing
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Main Points

e Zoledronic acid is the most potent commercially available bisphosphonate and the only US Food and Drug Administration—
approved bisphosphonate for the treatment of bone metastases in prostate cancer (PC) patients.

e PC patients receiving androgen deprivation therapy (ADT) are more likely to require fracture-related hospitalizations than those
who are not.

e Bisphosphonate therapy should be strongly considered for patients with baseline osteopenia or osteoporosis who are initiating or
receiving ADT.

e Generally, oral and intravenous (IV) bisphosphonate therapies are well tolerated in patients with locally advanced PC receiving
ADT.

e Zoledronic acid has been shown to significantly decrease the risk of skeletal complications in PC patients with bone metastases.

e Longer infusion times for IV bisphosphonates minimize effects on renal function.
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