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Abstract
Women undergoing treatment for breast cancer often experience a marked decrease in bone mineral density. This
decrease is observed with chemotherapy as well as endocrine therapy and is more pronounced and rapid than
normal postmenopausal bone loss. Pharmacologic intervention is, therefore, necessary in many cases o preserve
bone health and prevent fractures. Many small studies have demonstrated that cancer therapy—induced bone loss
(CTIBL) is effectively prevented by bone-targeted therapies, such as bisphosphonates and other inhibitors of bone
resorption. Recently, several trials have confirmed the efficacy of bisphosphonates in the prevention of CTIBL in both
premenopausal and postmenopausal women with early-stage breast cancer. In addition, concomitant treatment
with zoledronic acid 4 mg every 6 months and standard adjuvant endocrine therapy has been reported to signifi-
cantly improve disease-free survival and decrease disease recurrence in bone as well as other sites compared with
standard therapy alone. Zoledronic acid treatment has also decreased residual tumor volume in the neoadjuvant
setting. Furthermore, long-term follow-up of a single study in patients with bone marrow micrometastases from
breast cancer revealed overall survival benefits for patients receiving clodronate 1600 mg/day compared with
placebo; however, combined results from several trials of clodronate are inconclusive. Overall, a large body of
evidence is accumulating to support the potential adjuvant benefits of bisphosphonates in the treatment of early-
stage breast cancer. Results from ongoing studies are expected to further elucidate the benefits of bisphosphonates
in maintaining bone health and improving clinical outcomes in patients with breast cancer.
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Introduction approximately 465,000 women die of this disease every year. Advances

Breast cancer is the most common cancer and the leading cause of in technologies for early diagnosis and therapies for breast cancer

cancer-related deaths among women worldwide.! The annual global have substantially improved survival and clinical outcomes in recent

incidence of breast cancer is estimated to be > 1.3 million cases, and years, especially in the United States and other developed countries.

Treatment of breast cancer includes surgical resection and systemic
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and therapeutic approaches to the prevention or mitigation of such
bone loss. Based on these data, a detailed review of bone-directed
therapies in nonmetastatic breast cancer and analysis of their poten-
tial adjuvant benefits were generated.

Cancer Therapy-Associated Bone Loss

Estrogen action profoundly influences bone health, and post-
menopausal women are at greater risk for osteoporosis and fractures
(eg, hip and vertebra) compared with healthy premenopausal
women.4 The early years after menopause are characterized by
rapid decrease in bone mass; although the exact magnitude of such
bone loss varies between reports, it is typically around 2.5% per year
and has been reported to be as high as 4% per year.5- This acceler-
ated bone loss lasts for 3-5 years after menopause, and cumulative
bone loss during this period approaches 15%.7 The rate of bone
loss decreases approximately 5 or 6 years after menopause,’-8 and
annual bone loss thereafter is approximately 0.7%-1% compared with
< 0.4% in premenopausal women.10 Endocrine therapies for breast
cancer, such as ovarian ablation and aromatase inhibitors (Als), pro-
foundly decrease circulating estrogen levels in both premenopausal
and postmenopausal women and are associated with profound and
rapid decreases in bone mineral density (BMD); the exception
is tamoxifen, a selective estrogen receptor modulator (SERM)
that exerts bone-protective effects in the postmenopausal setting.
Ovarian suppression (eg, with a luteinizing hormone-releasing hor-
mone agonist) or ablation (eg, by oophorectomy, radiation therapy,
or cytotoxic chemotherapy) in premenopausal women results in
immediate artificial menopause accompanied by postmenopausal
levels of circulating estrogens. Despite the bone-protective activity
of tamoxifen in postmenopausal women, the past decade has seen
a switch toward the use of Als as the adjuvant endocrine therapy of
choice in this setting.3 These agents offer better clinical outcomes,
such as disease-free survival (DFS), and safety, particularly in regard
to endometrial cancer, uterine polyps, and thromboembolic adverse
events, compared with tamoxifen3; however, Als suppress estrogen
production in peripheral tissues and further reduce estrogens in cir-
culation to below normal postmenopausal levels.!! Consequently,
women receiving Al therapy for breast cancer have accelerated
bone loss (Al-associated bone loss [AIBL]) of approximately 2.6%
annually throughout therapy (typically > 5 years) compared with
the long-term annual bone loss of approximately 1% in untreated
postmenopausal women.10:12

Chemotherapy for breast cancer is also associated with detrimen-
tal effects on bone health. Some chemotherapeutic agents, such as
doxorubicin, methotrexate, and cyclophosphamide, exert direct
nonhormonal effects on bone cells, thereby undermining skeletal
integrity and resulting in an annual decrease in BMD of up to
1%.13,14 In addition, chemotherapy induces ovarian dysfunction in
premenopausal women; the incidence of impaired ovarian function
varies from approximately 45% to approximately 70% depending
upon the chemotherapeutic agent or combination being used.14-17
The incidence of ovarian dysfunction after chemotherapy is > 90%
in premenopausal women aged > 50 years and is substantially higher
in women aged > 40 years compared with those aged < 40 years.1>
Chemotherapy-induced ovarian dysfunction is accompanied by
rapid decrease in BMD (> 7% decrease within 12 months).14

Although the significance of early menopause in determining the
long-term risk of osteoporosis has been debated and advanced age
has been found to be the larger risk factor,!8 these findings were
in women who underwent natural menopause and did not receive
subsequent treatment with agents detrimental to bone health.
Moreover, that report predated the advent of Als as adjuvant ther-
apy for postmenopausal breast cancer, and the data are, therefore,
based on smaller decreases in circulating estradiol levels than those
seen with Al therapy. Overall, cancer therapy—induced bone loss
(CTIBL) occurs more rapidly and is of greater magnitude compared
with postmenopausal osteoporosis. Pharmacologic intervention
might be necessary to prevent such bone loss and subsequent frac-
tures and to preserve patients’ quality of life (QOL).

Bone Remodeling

Physiologic remodeling of bone is characterized by balanced and
coupled resorption of existing bone by osteoclasts and formation of
new bone by osteoblasts (Figure 1).19 Several local and systemic fac-
tors, including estrogen, regulate these processes. Receptor activator
of nuclear factor-kB (RANK) is a cell surface receptor expressed by
immature and mature osteoclasts that plays an important role in
osteoclast maturation and activation. Binding of RANK to RANK
ligand (RANKL), which is produced locally by osteoblasts and
other stromal cells in response to systemic signals, is necessary for
osteoclast fusion, differentiation, and maturation. During breast
cancer therapy, except with tamoxifen in the postmenopausal set-
ting, osteoclast-mediated osteolysis is increased, resulting in net
bone loss. Prevention of such bone loss requires antiresorptive
agents, such as bisphosphonates or RANKL inhibitors.

Several studies evaluating various bone-targeted therapies for the pre-
vention of CTIBL in the adjuvant setting conducted in recent years will
be reviewed here. This article will also discuss the evidence on potential
adjuvant benefits from the addition of bisphosphonates to standard
therapy for breast cancer and will present an overview of ongoing trials
of bisphosphonates for the prevention of disease recurrence.

Results and Discussion
Therapies to Prevent Bone Loss and Maintain
Bone Mineral Density During Treatment
of Breast Cancer

Bisphosphonates. Bisphosphonates are antiresorptive agents
that induce osteoclast apoptosis and are divided into 2 cat-
egories based on their chemical structure.20 Early-generation
non-nitrogen-containing bisphosphonates, such as clodronate and
etidronate, are small-molecule pyrophosphate analogues that bind
to the bone surface via their carbon-phosphate P-C-P backbone.
These agents are internalized by osteoclasts during bone resorption,
resulting in the accumulation of cytotoxic levels of bisphosphonate
metabolites in osteoclasts. Nitrogen-containing bisphosphonates,
such as pamidronate, ibandronate, risedronate, and zoledronic
acid, also accumulate in bone and are preferentially taken up by
osteoclasts. In addition, these agents inhibit the mevalonate path-
way of posttranslational protein modification, leading to impaired
osteoclast activation and function. In patients with bone metasta-
ses, intravenous nitrogen-containing bisphosphonates have proven
efficacious in preventing skeletal-related events (SREs), such as
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Figure 1 Mechanism of Action of Antiresorptive Agents
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pathologic fractures, spinal cord compression, hypercalcemia of
malignancy, and the need for palliative radiation or surgery to
bone.2! These agents can also palliate bone pain and improve QOL
in patients with bone metastases from breast cancer. Moreover, in
a meta-analysis of patients with bone metastases and elevated levels
of osteolysis from 3 large trials, zoledronic acid improved survival
among the patients who normalized the rate of osteolysis within
3 months of zoledronic acid therapy; the observed benefits were
proportional to the rate of decrease in osteolysis.22 Recent data sup-
port the efficacy of bisphosphonates in the prevention of CTIBL.23
Some bisphosphonates, such as clodronate and zoledronic acid,
have also demonstrated antitumor activity in the preclinical and
preliminary clinical settings?4 and might, therefore, provide benefits
that extend beyond the prevention of bone loss.

RANKL Inhibitors. Osteoclast maturation and activation are
dependent upon the RANK/RANKL pathway. Under physiologic
conditions, RANKL function is regulated by its soluble competitive
(decoy) receptor, osteoprotegerin.1? Perturbations in the RANKL:
osteoprotegerin ratio (eg, during cancer therapy) result in unbal-
anced bone turnover. Inhibitors of RANKL would, therefore,
decrease bone resorption and prevent bone loss. Denosumab is an
investigational monoclonal antibody that inhibits RANKL and,
in preliminary studies, suppressed bone resorption marker levels
in patients with bone metastases from a variety of solid tumors.25
Several trials evaluating the efficacy of denosumab in the early-stage
and metastatic cancer settings are ongoing, and emerging evidence
in a small cohort of patients with breast cancer indicates that deno-
sumab prevents CTIBL.26
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Adjuvant Studies of Bone-Targeted Therapies
to Prevent Cancer Therapy-Induced Bone Loss in
Breast Cancer: Premenopausal Setting

Efficacy of Oral Bisphosphonates. Oral bisphosphonates have dem-
onstrated some efficacy in the prevention of CTIBL in premeno-
pausal women with breast cancer. In a study in 113 premenopausal
women receiving 6 cycles of adjuvant cyclophosphamide/methotrex-
ate/5-fluorouracil (CMF) chemotherapy, patients were randomized to
receive either placebo or clodronate 1600 mg/day orally for 3 years.2”
At a 2-year follow-up, lumbar spine BMD had decreased substantially
compared with baseline in the control arm (overall: —5.9%; amenor-
theic patients: —9.5%); this BMD decrease was partially prevented in
the clodronate arm (overall: =2.2%, P = .0005; amenorrheic patients:
—5.9%). Clodronate also preserved BMD at the femoral neck, with
a change in BMD from baseline of —=2.0% in the control arm and
+0.9% in the clodronate arm (P = .017). At a 5-year follow-up
(2 years after completion of clodronate therapy), the patients who
received clodronate continued to receive protective benefits against
BMD loss, with a change from baseline in lumbar spine BMD of
-9.7% in the control arm compared with —5.8% in the clodronate
arm (P = .008).28 Recently, 10-year follow-up data from this trial
confirmed that the bone-protective effects of clodronate persisted
for a long time after clodronate was discontinued,?? indicating that
bisphosphonate treatment at the initiation of chemotherapy is a key
factor in mitigating long-term bone loss and preventing subsequent
osteoporosis in premenopausal women with breast cancer.

In a similar study of risedronate, 53 premenopausal women
with breast cancer and chemotherapy-induced ovarian failure were
randomized to receive ecither placebo or 8 cycles of risedronate
30 mg/day orally for 2 weeks on and 10 weeks off over 2 years;
patients were followed for an additional year without any bisphos-
phonate treatment.30 Risedronate prevented CTIBL in these
patients, with lumbar spine BMD maintained at or above baseline
during the 2 years of treatment. At a 2-year follow-up, the mean
BMD difference between the treatment groups was 2.5% = 1.2%
(P =.041) at the lumbar spine and 2.6% = 1.1% (P = .029) at the
femoral neck. However, BMD in the patients who received rise-
dronate started to decrease after completion of therapy, indicating
that continuous treatment with risedronate is required to effectively
prevent bone loss in this setting.

Intravenous Bisphosphonates. Pamidronate has been evaluated
in the prevention of CTIBL in a small trial in 40 premenopausal
women receiving adjuvant CMF or anthracycline-based chemo-
therapy for breast cancer.3! Patients were randomized to receive
either placebo or 4 doses of pamidronate 60 mg intravenously (I.V.)
every 3 months. At a 12-month follow-up, lumbar spine BMD
was increased compared with baseline in the patients receiving
pamidronate (+1.9%) but substantially decreased in the placebo
arm (—3.2%; P = .002 between groups). Although total hip BMD
decreased in all patients, the effect was larger with placebo com-
pared with pamidronate (-2.8% vs. —0.3%; P = .08). Similar BMD
trends were noted in the subset of patients who developed amenor-
rhea during chemotherapy.

Zoledronic acid is a member of the most recent generation of
bisphosphonates that has demonstrated equal or superior efficacy to
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pamidronate in the metastatic breast cancer setting3? and has estab-
lished efficacy in the treatment of postmenopausal osteoporosis.33 In
the HORIZON trial, annual treatment with zoledronic acid 5 mg
substantially improved BMD, reduced the risk of vertebral fracture
by 70%, and reduced the risk of hip fracture by 41% over a 3-year
period compared with placebo. Recently, a small trial evaluated the
efficacy of a single dose of zoledronic acid 4 mg in treating osteope-
nia in 66 patients who had received anticancer therapies.34 In this
study, 1 dose of zoledronic acid resulted in sustained improvement
in BMD for up to 36 months in the patients who were osteopenic
> 1 year after curative therapy for cancer. Although these results are
highly promising and indicate that infrequent treatment with zole-
dronic acid might be adequate for improving BMD in some patient
populations, it is important to note that the majority of patients in
this study were not receiving concomitant anticancer therapy and
their estradiol levels were substantially higher than were the levels
seen during Al therapy. Only 8 patients, all with breast cancer, were
receiving endocrine therapy during the trial; of these, 5 were receiv-
ing tamoxifen and 3 were receiving Als. Therefore, results from this
trial provide little insight into the efficacy of single-dose zoledronic
acid for preventing CTIBL or preserving BMD during ongoing
adjuvant therapy for breast cancer, which could result in higher
ongoing rates of bone loss.

In the adjuvant setting, zoledronic acid 4 mg I.V. every 3 months
effectively prevented CTIBL in 101 women (96 evaluable for pri-
mary outcome) receiving chemotherapy for early-stage breast can-
cer.35 Chemotherapy included CME anthracycline-based regimens,
and taxane-based regimens. The patients receiving chemotherapy
plus placebo experienced a substantial decrease in lumbar spine
and total hip BMD compared with baseline at both 6 (-2.9% and
—0.9%, respectively) and 12 months (—4.4% and —2.1%, respective-
ly; P < .05 for each measurement; Figure 2A),35 whereas the patients
receiving chemotherapy plus zoledronic acid had stable BMD at
both sites at 6 and 12 months, which was a significant improvement
compared with placebo (lumbar spine: P = .0001; hip: P = .02).

Zoledronic acid has also been evaluated in the prevention of endo-
crine therapy—associated bone loss in premenopausal women with
early-stage breast cancer. The bone substudy of the Austrian Breast
and Colorectal Cancer Study Group (ABCSG)-12 trial enrolled
404 premenopausal women with a mean age of 45 years with
hormone-responsive, early-stage breast cancer.36 Patients received
3 years of endocrine therapy consisting of ovarian suppression with
goserelin 3.6 mg subcutaneously every 28 days plus either tamoxifen
20 mg/day orally or the AI anastrozole 1 mg/day orally either alone
or with zoledronic acid 4 mg I.V. every 6 months. At a median fol-
low-up of 3 years, endocrine therapy alone resulted in significant
overall bone loss compared with baseline (-14.4%; P < .001). In
contrast, BMD remained constant in the patients receiving zole-
dronic acid concomitant with endocrine therapy compared with
baseline (1.032 g/cm? vs. 1.018 g/cm?; P < .0001 compared with
endocrine therapy alone).3” Loss in BMD was more pronounced
in the patients receiving goserelin/anastrozole compared with those
receiving goserelin/tamoxifen (-=17.3% vs. =11.6%; P < .001). At a
median follow-up of 5 years (2 years after cessation of therapy), BMD
had improved compared with the 3-year time point but remained
significantly lower than baseline in the patients who received endo-

Figure 2 Zoledronic Acid Prevents Ovarian Suppression—
Associated Bone Loss in Premenopausal Women

with Breast Cancer
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crine therapy alone (lumbar spine: ~6.3%; P = .001; Figure 2B).36
Although BMD at 5 years had recovered to within the normal range
(0.99 g/cm?) in the goserelin/tamoxifen arm, the patients in that arm
experienced a window of low BMD during and immediately after
the completion of endocrine therapy (Figure 2B). In addition to the
potential increase in fracture risk during this period, the long-term
implications of this period of osteopenia for bone microarchitecture
and fracture risk are not known, but should become evident with
longer follow-up data from this trial. In contrast, zoledronic acid
significantly increased lumbar spine BMD in the patients receiving
concomitant endocrine therapy (+4.0%; P = .02). Similar results
were obtained for trochanter BMD. Long-term follow-up from this

study will provide insights into the importance of preventing bone
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loss during breast cancer treatment in the reduction of the incidence
of subsequent fractures. Zoledronic acid therapy for 3 years was well
tolerated in this study; there were no significant safety problems
attributable to zoledronic acid at this dose and frequency.

Ongoing Trials of Zoledronic Acid. The ongoing large Cancer
and Leukemia Group B 79809 trial is evaluating the efficacy of
zoledronic acid 4 mg every 3 months in the prevention of bone
loss in women with early-stage breast cancer who developed
chemotherapy-induced ovarian failure.38 In this study, women
with stage I-III breast cancer were randomized to receive adjuvant
chemotherapy with or without tamoxifen plus zoledronic acid
4 mg L.V. every 3 months either initiated with chemotherapy (up
front) or after 12 months of chemotherapy (late). Interim results
from this study revealed that up-front zoledronic acid prevented
CTIBL and increased BMD above baseline levels. Patients in
the late treatment cohort will initiate zoledronic acid during the
second year of the study. Therefore, the 24-month analysis is
expected to provide insight into the efficacy of zoledronic acid in
reversing CTIBL that has occurred during the first 12 months. In
the 166 patients who developed ovarian failure, change in lum-
bar spine BMD from baseline at 12 months was —6.6% in those
receiving chemotherapy alone compared with +2.2% in those
receiving chemotherapy plus up-front zoledronic acid (P < .0001).
The addition of tamoxifen to chemotherapy decreased but did
not prevent bone loss compared to chemotherapy alone (BMD
change: —4.3% vs. —9.5%). Concomitant treatment with zole-
dronic acid was equally effective in both groups. Future analyses
from this trial, including data on the late treatment group, will
address the optimal timing of zoledronic acid in premenopausal
patients undergoing adjuvant chemotherapy for breast cancer.

Adjuvant Studies of Bone-Targeted Therapies
to Prevent Cancer Therapy-Induced Bone Loss in
Breast Cancer: Postmenopausal Setting

Oral Bisphosphonates. A small trial of clodronate in postmeno-
pausal women receiving oral antiestrogen therapy (tamoxifen or
toremifene) for 3 years demonstrated limited efficacy in the preven-
tion of cancer therapy—associated bone loss.3? In this study, 61 post-
menopausal women with operable breast cancer were randomized
to receive antiestrogen therapy plus either placebo or clodronate
1600 mg/day orally for 3 years. After 3 years, lumbar spine BMD
deteriorated in the patients receiving antiestrogen therapy alone
but improved in those receiving clodronate (-1.7% vs. +1.0%;
P = .01). At a 5-year follow-up (2 years after completion of clo-
dronate therapy), although patients in both groups experienced
BMD loss, lumbar spine BMD remained higher than baseline in
the patients who received clodronate compared with those who
did not (~1.0% vs. —3.2%; P = .06). Recently, a 10-year follow-up
from this study confirmed the reduced incidence of osteoporosis in
the clodronate arm29; however, it is important to qualify that the
endocrine therapies used in this study were SERMs (tamoxifen in
20 evaluable patients and toremifene in 14 evaluable patients at
10 years) and not Als, which are the current standard of care for
postmenopausal women eligible for adjuvant endocrine therapy.
Because Als have a more profound effect on BMD compared with
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SERMs, which protect BMD in the postmenopausal setting, it is
not known whether clodronate 1600 mg/day orally will prove effi-
cacious in preventing AIBL.

Risedronate has also been evaluated in the prevention of bone
loss in the postmenopausal breast cancer setting. In a study of rise-
dronate in 118 postmenopausal women receiving the Al anastrozole,
bone loss in the total study population was significant compared with
age-matched controls (mean BMD change: —3.3%; P < .0001).40 In
the 15 osteoporotic patients in this study, risedronate prevented fur-
ther bone loss at the hip and improved BMD at the spine compared
with baseline (+4.1%; P = .008). In a separate study of risedronate
in 87 postmenopausal patients who had undergone chemotherapy
for breast cancer, patients were randomized to receive either placebo
or risedronate 35 mg/week orally for 2 years, with concomitant
endocrine therapy if required.4! Approximately 70% of the patients
received tamoxifen, toremifene, or fulvestrant during the course of
the study. At the end of 2 years, BMD measurements at the spine
and hip were 1.6%-2.5% lower in the placebo arm compared with
the risedronate arm (P < .05). In this study, the patients receiving
placebo and no Al had stable BMD at the spine and a small decrease
in BMD at the hip. In contrast, the women receiving placebo plus
Al experienced a mean BMD decrease of 4.8% at the spine and
2.8% at the hip compared with baseline (? < .001 for each).
Risedronate partially protected BMD in all subgroups. Lumbar
spine BMD decreased by 2.4% with risedronate plus Al; hip BMD
remained stable with risedronate plus Al and improved by 2.2% in
the risedronate without Al arm. Although these results are promis-
ing, the numbers of patients included in these studies are very small,
and the findings need confirmation in larger patient populations.

Intravenous Bisphosphonates. The largest trials of bisphosphonates in
the prevention of bone loss in the postmenopausal breast cancer setting
involve zoledronic acid. The Z-FAST, ZO-FAST, and E-ZO-FAST
trials are 3 parallel companion trials evaluating the efficacy of zole-
dronic acid 4 mg LV. every 6 months in the prevention of AIBL in
postmenopausal women receiving adjuvant endocrine therapy for
hormone-responsive, stage I-IITA breast cancer.4243 In these trials,
patients with baseline BMD T-score > —2.0 (normal or osteopenic)
were randomized to receive letrozole 2.5 mg/day orally plus zoledronic
acid either up front (initiated < 14 days after start of letrozole therapy)
or delayed (initiated in patients with postbaseline BMD T-score < 2.0
or nontraumatic fracture). Integrated analysis of the Z- and ZO-FAST
studies in a total of 1667 patients demonstrated significant differences
in the percentage change in lumbar spine (5.2%; P < .0001) and total
hip (3.5%; P < .0001) BMD between the up-front and delayed groups
at 12 months (Figure 3).43 At a 24-month follow-up, fracture rates
were similar between the 2 treatment arms; however, a substantial pro-
portion of fractures occurred in the osteopenic women who received
up-front zoledronic acid, whereas fractures were more common among
the women with normal BMD who received delayed zoledronic acid.44
Similar differences were observed at a 12-month follow-up in the E-
ZO-FAST trial in 522 patients; the patients who received up-front
zoledronic acid had a mean lumbar spine BMD increase of 2.7% over
baseline compared with a mean decrease of 2.7% in those who received
delayed zoledronic acid (P < .0001).42 Total hip BMD was also sig-
nificantly improved with up-front zoledronic acid compared with sub-
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stantial deterioration with delayed zoledronic acid (P < .0001 between
groups). Thus, the Z-, ZO-, and E-ZO-FAST trials in > 2000 women
with early-stage breast cancer demonstrate that twice-yearly zoledronic
acid treatment prevents AIBL and consistently improves BMD.

Other Planned/Ongoing Trials

Oral Bisphosphonates. Several trials evaluating oral bisphosphonates,
such as risedronate and ibandronate, in the prevention of CTIBL
have been initiated. The N02C1 study randomized 220 women
undergoing adjuvant or neoadjuvant chemotherapy for stage I-IIIB
breast cancer to receive either placebo or weekly oral risedronate.45
After 1 year, change in BMD (lumbar spine, hip, and femoral neck)
was similar between the risedronate and placebo treatment groups
(P > .1 at all sites), demonstrating that risedronate 35 mg/week
orally does not prevent CTIBL. In the ongoing SABRE (Study of
Anastrozole With the Bisphosphonate Risedronate) trial, patients
undergoing Al therapy (anastrozole) for breast cancer with baseline
BMD < -1.0 at either hip or spine but = —2.0 at both sites were ran-
domized to receive either placebo (n = 65) or risedronate 35 mg/week
orally (n = 73).46 At a 12-month follow-up, BMD was significantly
increased in the patients receiving anastrozole/risedronate compared
with those receiving anastrozole alone (lumbar spine: +1.71% vs.
-0.41%, P < .0001; hip: +1.29% vs. —=0.09%, P = .002). Levels of
biochemical markers of bone turnover reflected the observed BMD
changes, indicating that risedronate treatment suppresses elevated
bone metabolism in women receiving Al therapy for breast cancer. A
third study of risedronate in women undergoing Al therapy for breast
cancer, IBIS (International Breast Cancer Intervention Study)-II,
enrolled 613 women in the bone substudy.47 In the 162 women with
normal baseline BMD, anastrozole treatment for 12 months signifi-
cantly decreased BMD compared with placebo at the lumbar spine
(-2.5% vs. —0.97%; P = .002) and hip (~1.34% vs. —0.37%; P = .02);
risedronate was not investigated in this cohort. In the women who
were osteopenic at baseline, concomitant risedronate significantly
decreased anastrozole-associated bone loss at the hip compared with
anastrozole/placebo (+0.67% vs. —2.27%; P = .01). Similar changes
were observed in lumbar spine BMD but the differences did not
attain statistical significance. Thus, concomitant treatment with
risedronate prevents AIBL in women with baseline osteopenia.46:47
The efficacy of risedronate in the prevention of AIBL in women with
normal baseline BMD is yet to be determined.

The ARIBON trial is evaluating the efficacy of ibandronate
150 mg/month orally in the prevention of AIBL in postmeno-
pausal women receiving adjuvant anastrozole therapy for hormone-
responsive breast cancer.48 In this study, 50 women with baseline
osteopenia were randomized to receive anastrozole plus either
placebo or monthly ibandronate. At 12- and 24-month follow-ups,
BMD was decreased compared with baseline in the placebo arm and
substantially increased in the ibandronate arm. Changes in lumbar
spine BMD at 12 and 24 months were +3.11% and +2.98%,
respectively, in the patients receiving ibandronate concomitant
with anastrozole compared with —2.35% and —3.22%, respectively,
in those receiving anastrozole with placebo (P < .01 at each time
point). Ibandronate also effectively reduced bone turnover marker
levels at 12 months, indicating that ibandronate suppresses elevated
bone metabolism in patients undergoing Al therapy.

Figure 3 Zoledronic Acid Prevents Aromatase Inhibitor—
Associated Bone Loss in Postmenopausal Women
with Breast Cancer
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Zoledronic acid 4 mg every 6 months prevents aromatase inhibitor-associated
bone loss at the lumbar spine (A) and hip (B) in postmenopausal women with
breast cancer (P < .0001 for up-front compared with delayed zoledronic acid
at both sites and time points).

Abbreviation: BMD = bone mineral density

Adapted with permission from Brufsky A, et al, Oncologist, © 2008 vol. 13,
503-14, Alphamed Press.43

Denosumab. Denosumab is a fully human monoclonal antibody
against RANKL that is being evaluated in the prevention of AIBL.26
The double-blind phase IIT HALT-BC trial randomized 252 patients
with breast cancer and low baseline BMD (T-score < —1.0 but > -2.5)
undergoing adjuvant Al therapy for breast cancer to receive either pla-
cebo (n = 125) or denosumab 60 mg subcutaneously every 6 months
(n =127) for 2 years. In the placebo arm, lumbar spine BMD decreased
substantially during 2 years of Al therapy. Denosumab prevented AIBL
and substantially improved BMD compared with baseline. Between-
group differences in lumbar spine BMD were 5.5% at 12 months and
7.6% at 24 months (P < .0001 for each; Figure 4).26 Similar improve-
ments in BMD were observed at the hip, femoral neck, and trochanter.
These results with denosumab appear promising and warrant further
safety and efficacy investigation in larger patient populations. A second,
larger ongoing phase III trial (ABCSG-18) of denosumab in postmeno-
pausal women undergoing Al therapy for breast cancer has a target
accrual of 2800.49 First results from this study are expected in 2012.

Rationale for the Use of Bone-Targeted Agents in
the Prevention of Disease Recurrence

Breast cancer has a high rate (approximately 70%) of metastasis
to bone and gives rise to predominantly osteolytic lesions.50 Breast
cancer cells that lodge in bone are thought to activate osteoclasts
via local production of paracrine factors, including parathyroid
hormone-related peptide and interleukins, which can stimulate
osteoclast differentiation and osteolytic activity. In turn, osteolysis
releases factors, including insulin-like growth factor-1 and trans-
forming growth factor-f3, which can enhance tumor cell survival,
proliferation, and invasion. This sets up a “vicious cycle,” resulting
in enhanced growth and spread of bone metastases.
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Figure 4 Denosumab Prevents Aromatase Inhibitor—

Associated Bone Loss in Postmenopausal Women
with Breast Cancer26

7
Placebo *
6 - Denosumab
5] *
xX
B
(=2
=
g 3
[x)
S 2
0
! 14
A 5.5% A7.6%
0
_1 -
-2
12 Months 24 Months

Abbreviations: BMD = bone mineral density; LS = least squares
*P = .0001 for comparison between treatment groups.

Bisphosphonates are antiresorptive agents that markedly reduce
osteoclast viability and activity.20 These agents suppress osteolysis and
delay the onset of SREs in patients with metastatic bone disease.?!
Bisphosphonates can, therefore, render the bone microenvironment
less supportive of tumor cell proliferation through their antiosteolytic
activity, potentially leading to fewer and smaller metastatic lesions.>0

Antitumor Activity of Bisphosphonates

Preclinical Evidence. A large body of preclinical evidence shows
that nitrogen-containing bisphosphonates possess inherent anti-
tumor activity.24 Studies in cell lines as well as animal models
of human breast cancer have demonstrated antiproliferative and
proapoptotic efficacy of bisphosphonates alone as well as synergisti-
cally with cytotoxic agents.2450 Bisphosphonates also inhibit tumor
cell migration and invasion in preclinical models.24 In addition,
zoledronic acid has demonstrated antiangiogenic properties and
activates the immune system against cancer cells, which might con-

tribute to its overall antitumor actions.

Early Clinical Evidence. Zoledronic acid has demonstrated prom-
ising antitumor activity in several small pilot trials. In a recent
study, 40 patients with bone metastases from bladder cancer were
randomized to receive either placebo or zoledronic acid 4 mg I.V.
every 28 days for 6 months.>! At a median follow-up of 183 days,
zoledronic acid significantly reduced the incidence of SREs and
bone pain compared with placebo (P <.015 for each). In addition,
zoledronic acid significantly improved the 1-year overall survival
(OS) rate compared with placebo (30% vs. 5%; P = .02).

Zoledronic acid 4 mg L.V. every 28 days has also demonstrated
anticancer efficacy in 94 patients undergoing chemotherapy for
previously untreated multiple myeloma.52 At a median follow-up
of 49.6 months, 5-year OS estimates improved from 46% with
chemotherapy to 80% with chemotherapy plus zoledronic acid
(P < .01). In addition, zoledronic acid reduced the incidence of
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SREs. Thus, the addition of zoledronic acid to conventional che-
motherapy not only reduced skeletal morbidity in patients with
multiple myeloma but also improved OS.

In a third pilot study, 40 patients with advanced solid tumors and
no evidence of bone metastases were randomized to receive either
monthly zoledronic acid or no treatment (control) and followed
until bone metastases were detected.>3 At 12 months, the rate of
bone metastases—free survival was 60% in the zoledronic acid arm
compared with 10% in the control arm (P < .0005). This difference
was still detectable at 18 months, at which time 20% of the patients
in the zoledronic acid arm were free of bone metastases compared
with only 5% in the control group (P = .0002).

Emerging data also indicate that zoledronic acid effectively reduces
the prevalence and persistence of disseminated tumor cells (DTCs)
in the bone marrow of women with early-stage breast cancer.5455
One study treated women with detectable DTCs in bone marrow
at baseline with zoledronic acid 4 mg/month 1.V. for 2 years and
concomitant endocrine therapy.54 At a 1-year follow-up, 69% of the
patients had a decrease in DTCs compared with baseline (P = .013),
and 71% had reduced DTCs at 2 years (P = .01).5¢ In another study,
172 patients with detectable tumor cells in bone marrow were ran-
domized to receive adjuvant chemotherapy alone (control; n = 141)
or in combination with zoledronic acid 4 mg LV. every 28 days
(n = 31) for 6 months.55 After treatment, DTCs in bone marrow were
detected in 27% of the patients in the control group compared with
13% of those in the zoledronic acid group (P =.099).

In a small trial in 42 patients with advanced breast cancer, a single
dose of zoledronic acid administered before chemotherapy reduced
circulating levels of vascular endothelial growth factor (VEGEF), a
key stimulator of angiogenesis, by > 25% compared with baseline
in 59.5% of the patients.>” Further analysis revealed that zoledronic
acid—mediated reduction in VEGF levels was associated with sig-
nificant increases in times to first SRE (2 = .0002), progression of
bone disease (P = .0024), and deterioration of performance status
(P =.0352) compared to lack of reduction in VEGF level.

Overall, the combined preclinical and early clinical data suggest
that the addition of bisphosphonates to conventional cancer therapy
might provide tangible antitumor and antimetastatic benefits for
patients with primary cancers that have a high frequency of metastasis
to bone.>0 As a result, numerous studies are investigating the antitu-
mor potential of bisphosphonates in the breast cancer setting.

Using Bone-Targeted Agents to Prevent Disease
Recurrence: Emerging Evidence from Adjuvant
Studies of Oral Bisphosphonates

Trials of Clodronate. The potential antimetastatic efficacy of clo-
dronate has been evaluated in 3 trials. In a study in 1069 patients
with stage I-III breast cancer randomized to receive standard
adjuvant therapy either alone or with concomitant clodronate
1600 mg/day orally for 2 years, oral clodronate significantly reduced
the risk of bone metastases (Figure 5A) in the overall study popula-
tion (hazard ratio [HR], 0.692; P = .043) at a median follow-up of
5.6 years.>® Benefits were more pronounced in the patients with
stage II/IIT breast cancer (HR, 0.592; P = .009). The addition of
clodronate also improved OS by approximately 23% compared
with standard therapy alone (P = .048).
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Clodronate was also found to reduce the risk of distant metas-
tases in patients with breast cancer and tumor cells in bone mar-
row.5? A total of 302 patients were randomized to receive standard
adjuvant therapy either alone (control; n = 145) or with clodronate
1600 mg/day orally (n = 157) for 2 years. At a 36-month follow-up,
the number of patients with distant metastases was significantly
smaller in the clodronate arm compared with the control arm
(21 vs. 42; P < .001). The incidences of skeletal and visceral metas-
tases were significantly lower in the clodronate arm compared with
the control arm (P = .003 for each), and fewer patients receiving
clodronate died during the 36-month period (6 vs. 22; P = .001).
Long-term follow-up of this trial revealed that the OS rate at
8.5 years was 79.6% in the clodronate group compared with 59.3%
in the control group (2 = .049).60

However, a third trial of clodronate in women with primary
node-positive breast cancer yielded conflicting results.6! The study
randomized 299 patients to receive adjuvant therapy either alone
(control; n = 150) or with clodronate 1600 mg/day orally (n = 149)
for 3 years and initially followed the patients for 5 years. The inci-
dence of bone metastases was similar in the clodronate arm com-
pared with the control arm (21% vs. 17%; P = .27); however, 43%
of the patients in the clodronate arm developed visceral metastases
compared with 25% of those in the control arm (P = .0007), result-
ing in significantly lower rates of DFS (56% vs. 71%; P = .007)
and OS (70% vs. 83%; P = .009) in the clodronate group. A
10-year follow-up of this trial confirmed significantly higher rates
of nonskeletal metastases (visceral or local) in the clodronate arm
compared with the control arm (50% vs. 36%, P = .005).62 At
10 years, the DFS rate remained lower in the clodronate arm
compared with the control arm, particularly in the patients with
hormone receptor—negative disease (25% vs. 58%; P = .004), but
OS rates were similar between treatment groups.

Overall, trials of clodronate in the adjuvant setting provide promis-
ing but inconclusive results. A meta-analysis of these studies revealed
no significant benefit from clodronate treatment in patients with
early-stage breast cancer (OS: HR, 0.75 [95% CI, 0.31-1.82).63 As
discussed in preceding sections, the benefits of adding bisphospho-
nates to standard adjuvant therapy for maintaining skeletal health are
now well established through several studies. Recent trials using more
active bisphosphonates in the adjuvant setting in breast cancer are
providing better insight into the potential benefits from bisphospho-
nates that might extend beyond skeletal health.

Using Bone-Targeted Agents to Prevent Disease
Recurrence: Emerging Evidence from Adjuvant
Studies of Intravenous Bisphosphonates

ABCSG-12 Results. The ABCSG-12 trial compared tamoxifen
with anastrozole and endocrine therapy alone with endocrine therapy
plus zoledronic acid 4 mg 1.V. every 6 months in premenopausal
women with endocrine-responsive, early-stage breast cancer.64 The
first efficacy results from this study revealed that DFS outcomes at
47.8 months median follow-up were similar with tamoxifen and
anastrozole (HR, 1.096; P = .593) in the 1803 women receiving
ovarian suppression therapy with goserelin. However, the addition of
zoledronic acid to adjuvant endocrine therapy significantly improved
DES by 36% (P = .012) and recurrence-free survival (RFS) by 35%

Figure 5 Addition of Bisphosphonates to Standard Therapy
Improves Clinical Outcomes in the Adjuvant Breast

Cancer Setting
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Daily oral clodronate reduces the risk of bone metastases in patients with breast
cancer (A).58 Zoledronic acid 4 mg every 6 months improves disease- and
recurrence-free survival in premenopausal women with hormone-responsive,
early-stage breast cancer (B).6* Up-front zoledronic acid 4 mg every 6 months
reduces disease recurrence in postmenopausal women with hormone-responsive,
early-stage breast cancer (C).43

Abbreviation: ZOL = zoledronic acid

(P =.014) and produced a trend toward improved OS compared to
endocrine therapy alone (Figure 5B).64 In a multivariate analysis,
zoledronic acid was a significant predictor of improved DFS (HR,
0.67; P=.022) and RES (HR, 0.68; P = .028).65 Interestingly, reduc-
tion in recurrences in the patients receiving zoledronic acid treatment
was not limited to bone metastases; recurrences were reduced at all
sites in the zoledronic acid groups.64 Moreover, zoledronic acid treat-
ment was well tolerated in this patient population; there were no
confirmed cases of osteonecrosis of the jaw, and no renal toxicity was
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noted. Therefore, the addition of zoledronic acid to adjuvant endo-
crine therapy proved a generally well-tolerated and effective means of
improving clinical outcomes for premenopausal women with breast
cancer. Overall, results from this large randomized trial indicate
that the addition of zoledronic acid to adjuvant endocrine therapy
not only prevents endocrine therapy—associated bone loss but also
improves clinical outcomes in premenopausal women with early-stage
breast cancer.36,37,64,65

Z-FAST/ZO-FAST Interim Results. The Z-FAST, ZO-FAST, and
E-ZO-FAST trials were designed to evaluate the efficacy of zole-
dronic acid in the prevention of AIBL as well as disease progression
in postmenopausal women with breast cancer.43 Integrated analysis
of the Z-FAST and ZO-FAST trials in a total of 1667 patients at a
12-month median follow-up demonstrated a significant decrease in
disease recurrence with up-front compared with delayed zoledronic
acid (0.84% vs. 1.9%; P = .0401; Figure 5C).43 The 24-month
integrated analyses support these data; disease recurrence rates were
3.6% with up-front zoledronic acid compared to 5.5% with delayed
zoledronic acid (DFS: HR, 0.573; P = .0183).44

Conclusion

A large number of recent trials have demonstrated the efficacy
of bisphosphonates (oral and I.V.) in the prevention of CTIBL in
premenopausal and postmenopausal women with breast cancer.
Long-term follow-up data from these trials will help address out-
standing questions, including the consequences of increasing BMD
in patients with normal baseline BMD and the effects of bisphos-
phonates on bone microarchitecture, strength, and fracture risk over
time. Bisphosphonates as a class possess inherent antitumor activity,
and recent trial results indicate that the addition of bisphosphonates
to conventional adjuvant therapy at doses that prevent bone loss
can significantly improve clinical outcomes in women with early-
stage breast cancer. The evidence to date is strongest for zoledronic
acid and suggests that the addition of zoledronic acid to standard
adjuvant therapy will substantially improve DFS and RFS in women
receiving adjuvant endocrine therapy for breast cancer. Indeed, the
results from ABCSG-12 indicate that adjuvant treatment with zole-
dronic acid should be considered in order to improve the standard
of care in premenopausal women with breast cancer. A large clinical
trial program is ongoing to evaluate the potential efficacy of several
bisphosphonates in this and related settings. Several ongoing trials
(AZURE, National Surgical Adjuvant Breast and Bowel Project B-
34, Southwest Oncology Group 0307, SUCCESS, NATAN, AZAC,
ZEUS, RADAR, and Study 2419) are exploring the potential adju-
vant benefits of bisphosphonates in breast and other cancers further
and will enroll nearly 20,000 patients. These trials have been designed
to investigate different doses and dosing intervals of bisphosphonates
based on the anticipated disease burdens according to their inclusion
criteria and, therefore, can provide important information regarding
the best dosing regimens for different indications. For example, the
AZURE trial has enrolled women with stage II/III breast cancer, and
the residual disease burden after locoregional therapy (albeit lower
than in the metastatic setting) is anticipated to be higher than in
ABCSG-12, which included women with stage I/II breast cancer. As
a result, the AZURE trial is evaluating the efficacy of more frequent

Clinical Breast Cancer Supplement June 2009

treatment with zoledronic acid, particularly in the early months after
locoregional therapy, compared with ABCSG-12. As data from these
studies mature, the role of bisphosphonates in oncology, particularly
the adjuvant therapy setting, is likely to expand.
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