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cancer and bone metastases has completed recruitment and
is ongoing.®”

Zibotentan is a specific ET, receptor antagonist that exhibits no
measurable affinity for the ET, receptor.®# Zibotentan is rapidly
absorbed after oral administration in healthy subjects and
patients, reaching peak plasma concentrations in 1 to 3 hours.®
It is eliminated relatively slowly (mean half-life 9 to 12 hours),
which permits once-daily administration.®

In a double-blind phase 2 study, 312 patients with hormone-
resistant prostate cancer and bone metastases who were pain
free or mildly symptomatic were randomized to receive oral
zibotentan (10 or 15 mg/day) or placebo.® The risk of disease
progression, the primary end point, was not significantly reduced
by zibotentan 10 mg/day (HR=0.88, 80% CI 0.71-1.09,
P=0.448) or 15 mg/day (HR=0.83, 80% Cl 0.66—1.03,
P=0.278) compared to placebo at first analysis, although there
was an indication of overall survival prolongation. At second
analysis (1 year later), overall survival was improved in the
zibotentan 10 mg (HR=0.55, 80% Cl 0.41-0.73, P=0.008) and
15 mg (HR=0.65, 80% Cl 0.49-0.73, P=0.052) groups
compared to placebo.

Phase 3 trials of oral zibotentan (10 mg/day) with primary end
points of progression-free survival and/or overall survival are
ongoing (Table 3). ENTHUSE MO (NCT 00626548) is targeting
1,500 patients with nonmetastatic castration-resistant prostate

Table 3. Phase 3 trials of zibotentan.”'-%

cancer with rising PSA levels; expected completion is in 2013.%"
ENTHUSE M1 (NCT 00554229 is targeting 580 patients with
castration-resistant prostate cancer and bone metastases who
are free of pain or mildly symptomatic, with expected completion
in 2010.9 ENTHUSE M1C (NCT 00617669 is targeting 1,044
patients with metastatic castration-resistant prostate cancer
treated by docetaxel, with expected completion in 2012.%

Osteoporosis and Its Complications
Osteoporosis is an important and underrecognized problem in men,
and it goes untreated in the majority of men with fractures.%%
According to a worldwide survey, about one quarter of all hip
fractures in 1990 occurred in men, and the projected increase
by 2050 is estimated to be higher in men than women (310% vs
240%, respectively).®

Various hormonal and nonhormonal treatments (including
surgical gonadal ablation, ADT, chemotherapy, and corticosteroids)
have been associated with increased bone loss and its
associated adverse skeletal effects in men with prostate
cancer.® Furthermore, advanced age and the high prevalence
of pre-existing osteoporosis in these individuals renders them
particularly vulnerable.

Osteoporosis in the General Population

The National Osteoporosis Foundation estimates that more than
10 million American men and women have osteoporosis and an
additional 34 million have low bone density of the hip.3* Although

(NCT00617669)

ENTHUSE MO 1,500 Nonmetastatic castration-resistant with Zibotentan (10 mg/day oral) vs placebo | PFSand OS | 2013
(NCT00626548) rising PSA levels

ENTHUSE M1 580 Castration-resistant with bone metastases | Zibotentan (10 mg/day oral) vs placebo | 0S 2010
(NCT00554229) free of pain or mildly symptomatic

ENTHUSE M1C 1,044 Castration-resistant with bone metastases | Zibotentan (10 mg/day oral) vs placebo | OS 2012

in combination with docetaxel

0S, overall survival, PFS, progression-free survival
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bone loss and osteoporosis are more common in women, men
also lose bone mass over time and can develop osteoporosis. In
the U.S., about one in every two Caucasian women and about
one in every five Caucasian men experience an 0steoporosis-
related fracture during their lives.*

The economic burden of osteoporosis-related fractures is
considerable. In the 2004 Surgeon General’s report, osteoporosis-
related fractures were estimated to result in over 400,000
hospital admissions, almost 2.5 million medical office visits, and
about 180,000 nursing home admissions annually in the U.S.%
Furthermore, it was estimated that the number of hip fractures
and their associated costs might increase 2- to 3-fold by
2040.% In another analysis, the cost associated with more than
2 million incident osteoporosis-related fractures was predicted to
be $17 hillion in 2005 US dollars, with men accounting for 29%
of fractures and 25% of costs.%

In men, bone mass peaks in the mid 20s, after which cortical
bone mass decreases at a rate of 0.5% to 1% annually. Women
experience a similar rate of bone loss until menopause, at which
time it accelerates to 1% to 2%, but it then returns to the
previous rate after menopause.®

As in women, estrogen plays a role in regulating bone metabolism
in men, mediating both acquisition of bone mass in young adults
and bone loss in older men. A decrease in hioavailable estradiol
(<40 pmol/L) appears to be a major cause of bone loss in older
men.'® Other factors contributing to bone loss and fracture risk
in older men are similar to those for women: low levels of
exercise, poor nutrition, low body mass index, long-term
corticosteroid use, alcohol use, reduced dietary calcium intake,
and vitamin D deficiency.*

Osteoporotic fractures have serious consequences that affect
men more than women. The 1-year mortality after hip fracture
has been estimated at ~20% for women and ~30% for men,
and all-cause mortality has been reported to be higher in men
than in women after vertebral fracture.® Furthermore, rates of
hospitalization and institutionalization are higher for men than for
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women after osteoporotic fracture.® In addition, quality of life
outcomes are poorer in men than women after fracture.* Even
though it has been recognized that aging of the population will
cause an increase in osteoporatic fractures, the potential magnitude
of this increase may have been greatly underestimated.’”!

Osteoporotic Bone Loss in Prostate Cancer

Many men with prostate cancer already have low BMD before
receiving ADT. Among 41 hormone-naive prostate cancer patients,
T-scores were normal (>-1) in 34%, osteopenic (-1 1o -2.5) in
29%, and osteoporotic (<-2.5) in 5% at one or more skeletal
sites by DXA.'% The authors suggested that hypogonadism
arising from prior radiotherapy, and calcium and vitamin D
deficiencies, might be contributory factors.'®?

Improvements in prostate cancer screening and PSA testing
have led to an increase in the proportion of men with prostate
cancer who receive ADT at earlier stages of the disease. A
population-based cohort study among men in the Medicare
population in the late PSA era (1993-2000) revealed that the
prevalence of ADT use increased from 1.8% in 1993 to 2.9% in
2000." Levels of testosterone and estrogen, to which testosterone
is converted by peripheral aromatization, decrease to below 95%
and below 80%, respectively, normal levels during ADT (either
from bilateral orchiectomy or GnRH agonist administration with
or without antiandrogens).®® Prospective clinical trials of prostate
cancer patients receiving ADT have reported a reduction in mean
BMD at the hip, spine, and radius within 1 year of starting ADT,
ranging from 0.6% to 9.6% depending on site and method of
measurement.®® ADT not only affects BMD but has also been
shown to decrease muscle mass significantly in men with
nonmetastatic prostate cancer, which increases frailty and the
risk of falls.o*

ADT is also associated with a greater risk of clinical fractures. A
database study has used the National Cancer Institute’s
Surveillance, Epidemiology, and End Results (SEER) program and
Medicare to determine fracture risk among over 50,000 men
diagnosed with prostate cancer from 1992 to 1997.'% Of those
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surviving more than 5 years after diagnosis, 19.4% of those
receiving ADT had a fracture compared to 12.6% of those not
receiving ADT (P<0.001). There was also a correlation between
the number of GnRH agonist doses received in the first year after
diagnosis and the subsequent risk of both fracture and fracture
resulting in hospitalization. In a Medicare claims—based cohort
study, a random sample of 3,887 men with nonmetastatic
prostate cancer who started GnRH agonist therapy from 1992 to
1994 were compared to a matched population of 7,774 men
with nonmetastatic prostate cancer not receiving a GnRH agonist
during 7 years of follow-up.'% The rate of any clinical fracture was
7.88 in those receiving ADT versus 6.51 in those not receiving
ADT per 100 person-years at risk (RR=1.21, 95% Cl 1.19-1.75,
P<0.001). Rates of vertebral fractures (RR=1.45, 95% Cl
1.14-1.29, P<0.001) and hip or femur fractures (RR=1.30,
95% Cl 1.10-1.53, P=0.002) were also higher in men who
received a GnRH agonist. GnRH treatment as well as age and
race were significant independent predictors of fracture risk on
multivariate analysis, with GnRH agonist treatment significantly
increasing fracture risk only after a treatment duration over 1 year.

Finally, it should also be noted that skeletal fractures negatively
correlate with overall survival in men with prostate cancer.
Among 195 consecutive patients undergoing long-term ADT for
prostate cancer, median overall survival was longer in those with
a history of skeletal fractures (160 vs 121 months, P=0.04).
A history of skeletal fracture was, however, significant as a
negative predictor of survival on regression analysis (RR=7.4,
P=0.007).%

Treatment of Osteoporotic Bone Loss in Prostate Cancer
No medical treatments are specifically approved for prevention
of bone loss from any cancer treatment. Basic lifestyle and
nutritional interventions to minimize bone loss caused by ADT in
prostate cancer should follow National Osteoporosis Foundation
guidelines, especially concerning calcium and vitamin D
supplementation with cholecalciferol (vitamin D3) or ergocalcif-
erol (vitamin D2). Adults under 50 need 1,000 mg of calcium
and 400 to 800 IU of vitamin D daily, whereas those 50 and over

need 1,200 mg of calcium and 800 to 1,000 IU of vitamin D
daily.3* Those who get the recommended amount of calcium
from food do not need to take a calcium supplement, although
they may still need a vitamin D supplement.®* Serum
25-hydroxyvitamin D level should be in the range of 30 to 60
ng/mL in cancer patients. Cancer patients whose serum
25-hydroxyvitamin D level is below 30 ng/mL should receive
50,000 IU of vitamin D each week for 8 weeks and should then
be retested. Those with a serum 25-hydroxyvitamin level over
30 ng/mL who are taking 1,000 IU of vitamin D daily should
continue to have their 25-hydroxyvitamin D level measured every
6 to 12 months. Those with serum 25-hydroxyvitamin level over
30 ng/mL should take vitamin D supplementation (1,000—
2,000 IU/day) or vitamin D supplementation (1,000 IU/day) in
combination with “sensible” sun exposure.'®” Whenever possible,
patients should undertake regular load-bearing exercise, as well
as follow a good diet, and minimize or stop consumption of
alcohol or tobacco products.

Current FDA-approved pharmacological treatments for osteopo-
rosis prevention and/or treatment are oral or IV bisphosphonates
(alendronate, ibandronate, risedronate, and zoledronic acid),
calcitonin, estrogens and/or hormonal therapy, raloxifene, and
parathyroid hormone.?” However, only alendronate and rise-
dronate are specifically approved in the U.S. for increasing bone
mass in men with age-related osteoporosis. There is limited
evidence about fracture data in men with prostate cancer
receiving ADT, although NCCN guidelines for the treatment of
bone loss during ADT in men with prostate cancer suggest
treatment with either zoledronic acid (4 mg IV annually) or
alendronate (70 mg orally weekly) for men who have sustained
previous fracture, for those with osteoporosis, and for those with
osteopenia who are also at high risk of fracture.®

Several small open-label and placebo-controlled randomized
studies have shown a reduction in bone loss and/or an increase
in bone mass in prostate cancer patients on ADT receiving

bone-sparing therapies. However, none of these studies were
sufficiently powered to evaluate fracture risk. In an open-label
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study of 48 patients with nonmetastatic prostate cancer,
treatment with the selective estrogen receptor modulator
(SERM) raloxifene (60 mg/day orally) for 12 months increased
mean BMD of the hip by 1.1% compared to a 2.6% decrease
in those not treated with raloxifene (P<0.001).'%° In 112
patients, alendronate (70 mg orally once weekly) increased
mean BMD of the hip by 1.4% (95% Cl 0.5-2.4, P=0.002),
the spine by 5.1% (95% Cl 3.5-6.7, P<0.001), and the
femoral neck by 2.3% (95% CI 1.0-3.7, P<0.001) after 12
months compared to placebo.”™ In 47 men with advanced or
recurrent prostate cancer and no bone metastases,
pamidronate (60 mg IV every 12 weeks) prevented ADT-
induced bone loss in the hip and lumbar spine. In the control
group, mean BMD decreased by 3.3% in the lumbar spine,
2.1% in the trochanter, and 1.8% in the total hip, and mean
trabecular BMD of the lumbar spine decreased by 8.5% at 12
months (P<0.001 for each comparison vs baseline). Mean
BMD at any skeletal site was not significantly changed at 12
months in the group receiving IV pamidronate, but there were
significant differences between the groups in the mean BMD
changes at 12 months in the lumbar spine (3.8%, 95% ClI
1.8-5.7, P<0.001), trochanter (2.8%, 95% Cl 1.1-4.6,
P=0.003), total hip (2.0%, 95% CI 0.7-3.4, P=0.005), and
trabecular bone of the lumbar spine (6.5%, 95% CI 1.0-11.9%,
P=0.02)."" In contrast to IV pamidronate, IV zoledronic acid
significantly increased BMD as compared to baseline. In a
study of 106 men with nonmetastatic prostate cancer on ADT,
zoledronic acid (4 mg IV every 3 months) increased mean BMD
in the lumbar spine by 5.6% at 12 months (P<0.001)
compared to a 2.2% decrease in the placebo group, giving a
mean between-group difference of 7.8% (95% CI 5.6—10.0%,
P<0.001)."2 Mean BMD of the femoral neck, trochanter, and
total hip was also increased in the zoledronic acid group and
decreased in the placebo group.

A subsequent placebo-controlled study of 120 patients with
prostate cancer examined the effect of starting zoledronic acid
in men who had already received ADT for up to 12 months.™"®

Despite a 6- to 12-month delay in starting zoledronic acid,
similar mean BMD increases (4.6% for lumbar spine versus a
2.1% decrease on placebo) were obtained as in the previous
study. A recent placebo-controlled study in 40 men also showed
that a similar mean BMD increase (4.0% for lumbar spine
versus a 3.1% decrease on placebo) could be obtained with a
single annual dose of zoledronic acid (4 mg IV).""* Administration
of zoledronic on an annual basis may therefore offer a convenient
and effective strategy to prevent bone loss in men with prostate
cancer on ADT.

Fracture Prevention in Prostate Cancer

Toremifene, a second-generation SERM, is being investigated
with respect to fracture prevention in an ongoing 2-year, phase 3
study in 1,392 men with prostate cancer receiving ADT.""
Interim analysis of the first 197 patients recruited showed that
those receiving toremifene (80 mg/day orally) had significant
increases in mean BMD at each skeletal site measured as
compared to placebo recipients after 1 year: lumbar spine (1.6%
vs -0.7%), total hip (0.7 vs -1.3%), and femoral neck (0.2 vs
-1.3%) (P<0.01 for all between group changes vs baseline).
Final 2-year results of the primary end point, the proportion of
new vertebral fractures, are awaited.

The RANKL inhibitor denosumab (60 mg subcutaneously every 6
months) is also being investigated in a 3-year phase 3 trial as a
treatment for bone loss and fracture prevention in 1,468 men
with nonmetastatic cancer undergoing ADT for prostate cancer
(Table 2).8" At 2 years, mean BMD of the lumbar spine, the primary
end point, increased by 5.6% in the denosumab group compared
to a 1.0% decrease in the placebo groups (P<0.001 for
between-group change from baseline). Denosumab also induced
a significant increase in mean BMD at the total hip, femoral
neck, and distal third of the radius at all time points to 3 years.
Patients who received denosumab had a decreased incidence of
new vertebral fractures at 3 years compared to placebo (1.5%
vs 3.9%, RR=0.38, 95% CI 0.19-0.78, P=0.006). Fracture at
any site was also reduced at 3 years but was not statistically
significant (5.2% vs 7.2%, RR=0.72, 95% Cl 0.48-1.07, P=0.10).
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Conclusions

Prostate cancer is the most common noncutaneous cancer in
men. Patients are at a significant risk of skeletal complications,
including fracture, as a result of prostate cancer—related bone
loss. The risk for bone loss and fracture in men with prostate
cancer is increased with advanced age and as a consequence of
ADT. ADT-induced bone loss is typically more severe than that
associated with aging or with menopause in women. SREs
significantly affect daily functioning and quality of life, and
reduce survival, in patients with prostate cancer. Prostate cancer
frequently metastasizes to bone in advanced disease, which also
presents a major challenge because of the significant and
particular ensuing skeletal morbidity

Preservation of bone density should be considered a priority in
patients with cancer, as it is largely preventable. Current
guidelines recommend that prostate cancer patients be
screened for bone loss and treated with bisphosphonates or
SERMs if there is evidence of bone loss. Zoledronic acid is the
only agent approved for the treatment of bone metastases and
to reduce the risk of SREs in patients with hormone-refractory
metastatic prostate cancer. Bisphosphonate therapy has

limitations: it does not prevent all bone complications associated
with prostate cancer, some patients do not respond adequately,
and it is contraindicated in some patients. Bisphosphonates are
also associated with potential severe adverse effects such as
nephrotoxicity and ONJ. Acute-phase reactions, although not
usually severe, may inhibit adherence to therapy in some
patients. Furthermore, there are logistical difficulties in delivering
bisphosphonate therapy with respect to IV dosing and a
requirement for patient monitoring and follow-up. Additional
therapies are therefore required that are effective, safe, and
more convenient to administer.

In this respect, denosumab (administered subcutaneously) and
zibotentan (administered orally) are investigational bone-targeted
therapies at an advanced stage of clinical development. These
therapies are expected to improve safety and reduce the need
for renal monitoring and other follow-up measures compared to
IV bisphosphonates. Urologists should be aware of the changes
that are likely to occur in prostate cancer management in the
near future. However, the treatment and prevention of bone
disease with currently approved therapies should not be delayed
while waiting for these new agents to be approved.

Log on to http://www.curatiocme.com/posttest/cmevol3issue13

to complete the posttest and the activity evaluation form.
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Posttest

Please note your answers on the Posttest Answer Sheet on the following page.

1. Factors associated with a higher risk of fracture in men
include all of the following except
a. Alcohol intake (>2 drinks/day)
b. Family history of fracture
c. Low body mass index
d. Rheumatoid arthritis
e. All of these are risk factors for fracture in men

2. According to National Comprehensive Cancer Network and
National Osteoporosis Foundation recommendations, phar-
macologic agents to prevent bone loss are recommended
when:

a. DXA T-score is <-1.0

b. FRAX® calculated 10-year risk for a major fracture is 210%
c. FRAX® calculated 10-year risk for a major fracture is 23%
d. FRAX® calculated 10-year risk for hip fracture is 210%

e. FRAX® calculated 10-year risk for hip fracture is 23%

3. Which fact regarding bone metastasis is incorrect?

a. Currently, only 3% of men have bone metastasis when
their prostate cancer is diagnosed

b. Median survival following diagnosis of bone metastasis is
3-4 years

¢. On postmortem examination, approximately 70% of men
with prostate cancer have bone metastases

d. Prostate and breast cancer account for 50% of all
metastatic bone disease

4. Which of the following is the least common site of bone
metastasis in prostate cancer?
a. Pelvis
b. Ribs
c. Skull
d. Vertebral column

5. Which fracture scenario causes the greatest increase in
mortality risk?
a. Hip fracture in men
b. Hip fracture in women
c. Vertebral fracture in men
d. Vertebral fracture in women

HER

6.

8.

10.

Which of the following statements regarding androgen

deprivation therapy (ADT)—associated bone loss is false?

a. Bone loss is gradual during the first 2 years of ADT and
then stabilizes

b. Bone loss is most rapid during the first year of treatment
and is related to the duration of ADT

¢. Bone loss with ADT is more severe than postmenopausal
bone loss

d. Patients starting ADT typically have bone loss prior to
initiating therapy

. Intravenous (IV) bisphosphonate therapy at higher doses

and with shorter infusion times can result in
a. Cardiovascular compromise

b. Liver toxicity

¢. Neuropathy

d. Prolonged bleeding times

e. Renal toxicity

Risk factors for the development of osteonecrosis of the
jaw (ONJ) include all of the following except

a. Alcohol use

b. Corticosteroid use

¢. Dental extraction procedure

d. Use of IV bisphosphonates

e. All of the above are risk factors for ONJ

. Which of the following therapies is currently approved for

the treatment or prevention of cancer therapy—induced

bone loss?

a. Raloxifene

b. Vitamin D and calcium

¢. Zoledronic acid

d. All of the above

e. There are currently no approved therapies with this
indication

Which of the following is not increased by activation of

RANK by its ligand?

a. Osteoclast activation

b. Osteoclast apoptosis

¢. Osteoclast maturation/differentiation

d. Osteoclast resorption
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Participants requesting credit must read the CME activity. A certificate will be issued only upon receipt of a completed activity posttest,
along with a completed evaluation and certificate information form. Participants requesting CME credit can submit their posttest,
evaluation, and certificate information form in any of the following ways:
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Signature

4 | do not want to receive information about future educational activities.

POSTTEST ANSWER SHEET

Circle only one answer per question.

1. a b c d e 6. a b c d

2. a b c d e 7. a b c d e
3. a b c d 8. a b ¢ d e
4, a b c d 9. a b c d e
5 a b c d 10. a b c d
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1. Rate the extent to which you agree or disagree. Strongly Strongly
Agree Disagree

e | am satisfied with the overall quality of this activity 5 4 3 2 1

e Participation in this activity changed my knowledge/attitudes 5 4 3 2 1

e | will make a change in my practice as a result of my participation in this activity 5 4 3 2 1

e The activity presented scientifically rigorous, unbiased, and balanced information 5 4 3 2 1

Please list the changes you plan on making in your practice as a result of your participation in this activity:

If you felt the activity was biased, please explain:

2. This activity helped me to achieve the following objectives: Strongly Strongly
Agree Disagree
e Describe the impact that bone loss and bone metastases have on the development of
events and on quality of life and survival 5 4 3 2 1
e Qutline the current standards for the prevention and treatment of prostate cancer—related bone disease 5 4 3 2 1
e FEvaluate the clinical data and assess the risks and benefits associated with current and emerging
therapies for the treatment and prevention of bone disease in prostate cancer patients 5 4 3 2 1
e Educate patients with clear, concise information on the risks associated with various bone-sparing
agents and the risks of complications associated with a lack of treatment 5 4 3 2 1
e Formulate and implement a practical plan for overcoming barriers and providing optimal management
and prevention of bone loss and bone-related complications 5 4 3 2 1

If you felt the learning objectives were not met, please explain:

3. What information remains unclear?

4. Questions or comments regarding this activity:

5. How did you hear about this activity? (Please check all that apply.)

Q Direct mailing Q Colleague Q Bone and Cancer Foundation Web site Q Cancer and Bone Society Web site
Q Curatio CME Institute Web site Q E-malil O Moffitt Cancer Center Web site Q BoneOncologyTX.com
Q Other (Please specify.)

6. Suggested topics and/or speakers you would like for future programs:

7.What is/are your preferred format(s) for earning continuing medical education credits? (Please check all that apply.)

1 Satellite symposium 4 Grand rounds Q CD-ROM

1 Dinner meeting O Internet activity 4 Podcast

1 Teleconference 4 Journal supplement Q Newsletter/monograph
Q Other (Please specify.)

8. Approximate number of patients per week you manage with prostate cancer:
Qo ai1-5 a6-10 Q11-15 a16-20 a>20

Thank you for taking time to complete this evaluation.



