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Abstract
Purpose This study was designed to explore whether zoledro-
nic acid could prevent expected loss of bone mineral density
(BMD) in postmenopausal women with pre-existing
osteopenia or osteoporosis who were initiating adjuvant
letrozole therapy for primary breast cancer.
Methods Between June 2006 and July 2007, 60 postmeno-
pausal women with estrogen and/or progesterone receptor-
positive breast cancer and a BMD T-score ≤−2.0 were en-
rolled. Participants received letrozole 2.5 mg and vitamin D
400 IU daily, calcium 500 mg twice daily, and zoledronic acid
4 mg every 6 months for a maximum of 5 years or until
disease progression. BMD at the lumbar spine and femoral
neck was recorded at the start of the study and annually for
5 years. Patients were evaluated for fractures every 6 months
for the duration of the trial.

Results After 5 years, mean BMD increased significantly by
11.6 % (p=0.01) at the lumbar spine and by 8.8 % (p=0.01) at
combined sites. Femoral neck BMD increased by 4.2 %, al-
though this was not significant (p=0.23). At the end of the
trial, BMDs were consistent with osteoporosis in 7 % and
osteopenia in 36% of the patients. A total of six fractures were
reported after 417 individual assessments.
Conclusions Zoledronic acid appears to prevent further bone
loss in postmenopausal breast cancer patients with osteopenia
and osteoporosis starting treatment with letrozole. These find-
ings were maintained at 5 years and support concurrent initi-
ation of bisphosphonate and aromatase inhibitor therapy in
this high-risk population.
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Introduction

Aromatase inhibitors (AIs) have been consistently shown to
provide benefit for patients with hormone-positive breast can-
cer and are frequently incorporated into treatment both in ad-
juvant and metastatic settings. By inactivating the enzyme
responsible for production of estrogens from androgens, AIs
reduce plasma estrogen levels [1]. While helpful in the treat-
ment of breast cancer, this suppression of estrogen has conse-
quences for bone mineral density (BMD). Estrogen promotes
osteoclast inactivation and apoptosis, which minimizes bone
mineral resorption [2, 3]. When plasma levels of estrogen are
suppressed, women are susceptible to loss of BMD and de-
velopment of osteoporosis, which is an adverse effect associ-
ated with AI use that has been observed in several clinical
trials [4–10].
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Treatment for osteoporosis often includes bisphosphonates,
which are indicated for postmenopausal women with BMD
T-score of ≤−2.5 or T-score of ≤−2.0 if there is presence of risk
factors for ongoing bone loss. Zoledronic acid (ZA) is a potent
intravenously administered bisphosphonate that has been used
to promote skeletal stability in patients at particularly high risk
for fracture, including those with cancer metastatic to the bone
and multiple myeloma. ZA is also known to preserve BMD in
postmenopausal women with T-scores better than −2.0 who
are undergoing adjuvant AI therapy [11–14].

In contrast to prior studies, which have assessed the effect
of ZA on prevention of osteopenia and osteoporosis for
women with BMD T-scores better than −2.0 who were being
treated with AIs, this study was designed to evaluate the im-
pact of ZA for women who possessed osteopenia or osteopo-
rosis at the start of AI therapy. An initial report from this work
illustrated that administration of ZA was associated with a
statistically significant 2.66 % increase in BMD after 1 year
of treatment [15]. However, longer-term follow-up was need-
ed to confirm the durability of these results. The current report
provides 5-year follow-up data from this trial.

Patients and methods

This study was conducted by the Mayo Clinic Cancer
Research Consortium (MCCRC), which was recently
renamed as Academic and Community Cancer Research Unit-
ed (ACCRU). The study was approved by the institutional
review boards at all participating sites. All participants provid-
ed written consent prior to enrollment. Funding was provided
by Novartis, whose involvement was limited to review of the
original study protocol.

Study population and design

The design of this study has previously been described [15].
Briefly, the study population consisted of postmenopausal
women with newly diagnosed stage I–IIIa estrogen receptor
(ER) and/or progesterone receptor (PR)-positive, localized
breast cancer who had an Eastern Cooperative Oncology
Group (ECOG) Performance Status of 0–2 and a life expec-
tancy of at least 5 years. Upon study entry, patients were
required to have a baseline total lumbar spine (LS) or femoral
neck (FN) BMD T-score ≤−2.0, and any oral bisphosphonate
use must have been discontinued at least 3 weeks prior to
registration. Important exclusion criteria included treatment
with drugs known to affect skeletal stability within the past
2 weeks; prior treatment with intravenous bisphosphonates or
AIs; exposure to anabolic steroids or growth hormone within
the past 6 months; or additional malignancies within the past
5 years, with the exception of adequately treated non-
melanoma skin cancer and/or cervical carcinoma in situ.

In this open-label, single-arm, observational trial, partici-
pants were prescribed letrozole 2.5 mg daily, calcium 500 mg
twice daily, and vitamin D 400 IU daily. ZA 4 mg was given
intravenously over 15 min, every 6 months (with dose adjust-
ments for creatinine clearance, if necessary) until disease pro-
gression or a maximum of 5 years. BMD was measured by
dual-energy X-ray absorptiometry (DXA) once at the start of
the trial and then annually for 5 years. Patients who
discontinued letrozole or ZA for any reason were taken off
study, and further evaluation was not performed. Patients were
evaluated for disease progression at each visit, and if disease
progression was found, they were similarly excluded. Patients
who discontinued calcium or vitamin D for any reason were
allowed to continue with the study.

The primary endpoint for the original analysis was pro-
spectively defined as the mean intra-patient change in BMD
measured in the LS from baseline to 12 months (1 year). The
endpoints for this follow-up analysis were mean intra-patient
changes in BMD measured in the LS from baseline to 24, 36,
48, and 60 months after study commencement (2–5 years).
Secondary endpoints included the mean intra-patient change
in FN BMD or either LS or FN at these same time points.
Annual incidence rates for osteopenia, osteoporosis, and bone
fractures were also assessed, and the NCI’s Common Termi-
nology Criteria for Adverse Events (version 3.0) was used to
calculate the severity of medication-related toxicity.

Statistical analysis

The primary and secondary endpoints were calculated by
subtracting the baseline LS or FN BMD values from values
at years 1 through 5 and converting the differences to a percent
of baseline. Data were tested for normality, and if normal, a
single sample t test was utilized to determine whether the
percent change was statistically significant at each time point.
If non-normal, the Wilcoxon sign rank test was utilized.
Osteopenia (LS T-score between −2.0 and −2.5) and osteopo-
rosis (LS T-score less than −2.5) statuses were assigned to
each patient. Summary statistics (frequency, percentages)
were calculated for these two endpoints and number of bone
fractures. Toxicity grade was summarized similarly. This
study did not follow a formal study design as it was primarily
observational, but given a sample size of 60, it was estimated
to provide statistical accuracy within 13 %, with 95 %
confidence.

Results

Between June 2006 and July 2007, 60 patients were enrolled.
Of these, one patient cancelled, one patient had a major vio-
lation in treatment, and five patients were ineligible; thus, 53
patients were potentially evaluable for the endpoints. The
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baseline characteristics of the patients who initiated treatment
are shown in Table 1. There were 30 patients evaluable for the
primary BMD endpoint in the original manuscript [15], and
there were 11 patients evaluable for the LS measured BMD at
5 years. Figure 1 illustrates the dropout of patients over time.
The most common reason for dropout was refusal of further
treatment (12 patients) due to personal preference. Two pa-
tients were taken off study due to treatment-related toxicity
(one patient with musculoskeletal pain and one patient with
elevated creatinine), and one patient died during the course of
the trial. The remaining patients were removed for a variety of
reasons, such as conflicting treatment of other medical condi-
tions and relocation away from study centers.

BMD changes over time

Changes in BMD over time are shown in Table 2 and Fig. 2,
indicating that there were increases in BMD over 5 years. The
percent change in BMD from baseline increased consistently
over time as measured at the LS, and at each year, the change
was statistically significant. At 5 years, an 11.6 % increase
from baseline (p=0.01) was observed. The percent change
using the FN measurements peaked at year 2 and then de-
creased. The 5-year measurement for FN BMD was not sta-
tistically significant. Assessment of change in either LS or FN
BMD (whichever were available) yielded statistically signifi-
cant results at all time points.

Osteopenia, osteoporosis, and bone fractures

Patients were evaluated for fracture at 6-month intervals dur-
ing the course of the study. Over 5 years, a total of six fractures

were reported after 417 individual assessments. Participants
were also monitored annually for osteopenia and osteoporosis
(Table 3). After 1 year, 60 % were observed to have
osteopenia and 10 % osteoporosis. Among the 14 patients
evaluable for these conditions after 5 years, 36 % had
osteopenia and 7 % had osteoporosis.

Toxicity profile

Toxicities thought to be at least possibly related to therapy
are shown in Table 4, understanding that, without a pla-
cebo arm, nocebo effects could not be determined.
Consistent with data reported after 1 year [15], the most
common toxicity was arthralgia, a well-established ad-
verse effect associated with AIs. The total number of pa-
tients reporting this toxicity was unchanged from the 1-
year data. Hot flashes, another frequent AI-related side
effect, were noted by three patients. Mild-to-moderate cre-
atinine elevation was observed in a total of nine patients,
an effect which could possibly be related to ZA adminis-
tration. No patients experienced osteonecrosis of the jaw
during this study.

Table 1 Demographics of cohort

Total (n=53)

Age

Mean (SD) 66.9 (10.0)

Range 45.0–84.0

Race

White 51 (96 %)

Asian 2 (4 %)

Prior fracture 7 (13 %)

Prior tamoxifen use 24 (45 %)

Tamoxifen duration

≤2 years 4 (17 %)

>2 years 20 (83 %)

Time since last tamoxifen dose

<1 year 20 (83 %)

≥1 year 4 (17 %)

Prior chemotherapy 20 (38 %)

Fig. 1 Patient consort diagram demonstrating patients evaluable for bone
mineral density (BMD) measurements at lumbar spine (LS), femoral neck
(FN), and either site over time
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Discussion

The 5-year follow-up of this single-arm study supports the
notion that loss of BMD in women with osteopenia or osteo-
porosis is stabilized with concurrent initiation of an AI and
ZA. These findings build on the data previously reported from
year 1 of the trial and strengthen the argument for use of ZA in
a high-risk population starting hormone therapy known to
cause bone loss and increase fracture risk. Although a control
arm was not available to compare the magnitude of BMD
improvement, 5 years of AI therapy has previously been as-
sociated with a median decrease in BMD of 6 % at the LS and
7 % at the hip [16], which provides context for the benefit
observed with ZA administration in this trial.

The prevalence of osteoporosis among women over age 50
in the USA is estimated to be about 10 %, with an additional
50 % possessing low BMD, defined as a T-score less than or
equal to −1.0 [17]. When patients in this population develop
hormone-positive breast cancer, initiation of an AI may bemet
with some hesitation, given the risk for added bone loss and

Table 2 Mean bone mineral
density (BMD) change from
baseline

BMD site Year Number Baseline BMD BMD
measurement

Difference
(range)

%
change

p value

LS 1 30 0.86 0.88 0.02 (−0.1–0.12) 2.3 0.01a

2 27 0.86 0.90 0.04 (−0.08–0.2) 4.7 0.001a

3 22 0.87 0.92 0.05 (−0.03–0.18) 5.8 <0.001a

4 13 0.83 0.89 0.06 (−0.07–0.21) 7.2 0.03a

5 11 0.86 0.96 0.10 (−0.03–0.30) 11.6 0.01b

FN 1 32 0.69 0.73 0.03 (−0.07–0.29) 4.3 0.008b

2 29 0.70 0.76 0.07 (−0.05–0.66) 10.0 0.002b

3 28 0.70 0.75 0.05 (−0.04–0.31) 7.2 <0.001b

4 14 0.74 0.77 0.03 (−0.04–0.16) 4.0 0.15b

5 14 0.71 0.73 0.03 (−0.12–0.21) 4.2 0.23a

Any 1 38 0.78 0.82 0.04 (−0.09–0.29) 5.1 <0.001b

2 36 0.78 0.84 0.06 (−0.07–0.33) 7.7 <0.001b

3 34 0.78 0.84 0.06 (−0.03–0.31) 7.7 <0.001b

4 17 0.79 0.84 0.06 (−0.06–0.21) 7.6 0.01a

5 15 0.79 0.86 0.07 (−0.04–0.25) 8.8 0.01b

BMD bone mineral density, LS lumbar spine, FN femoral neck
a p value calculated using a single sample t test
b p value calculated using the Wilcoxon sign rank test

Fig. 2 Mean bone mineral density (BMD) changes over time as
measured at lumbar spine (a), femoral neck (b), and either site (c) with
corresponding 95 % confidence intervals

Table 3 Incidence of osteopenia and osteoporosis

Year Number Osteopenia Osteoporosis Neither

1 30 18 (60 %) 3 (10 %) 9 (30 %)

2 29 18 (62 %) 5 (17 %) 6 (21 %)

3 25 14 (56 %) 3 (12 %) 8 (32 %)

4 16 9 (56 %) 3 (19 %) 4 (25 %)

5 14 5 (36 %) 1 (7 %) 8 (57 %)
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fractures. Breast cancer itself may increase skeletal fragility
and fracture risk, even in the absence of bone metastases,
further complicating this decision [18]. In the first year after
initiation of AI therapy, BMD has been shown to fall by as
much as 3 %, with further decreases observed in subsequent
years [8, 19]. In the ATAC trial, this decrement in BMD trans-
lated into a fracture incidence of 11.0 % versus 7.7 % in the
tamoxifen arm over a median follow-up of 68 months [6],
with similarly elevated fracture rates observed in the other
trials of AIs with the longest follow-up [5, 7, 19]. In the
MA.17 study exploring the efficacy of 5 years of letrozole
therapy in postmenopausal women following 5 years of ta-
moxifen, there was a significant increase in new rates of oste-
oporosis (8 versus 6 % for placebo) at a median follow-up of
30 months [10]. In light of these data, tamoxifen might be
considered a favorable alternative for a sub-population at high
risk for skeletal instability, given its partial estrogenic activity,
which has been shown to prevent bone loss in postmenopausal
women [20]. However, AIs are commonly used as first-line
hormonal therapy for this population based on substantial
clinical trial data demonstrating its superiority over tamoxifen
in terms of disease-free survival [21]. Therefore, prevention of
ongoing bone loss and protection against fractures in post-
menopausal women receiving AIs has become a subject of
important investigation.

Among the variety of agents available for treatment of os-
teoporosis, bisphosphonates are considered a good choice for
patients with breast cancer. ZA belongs to a subset of
bisphosphonates possessing a nitrogen-containing substituent
that is thought to confer superior anti-resorptive activity and
has proven effective in reducing fractures in postmenopausal
women with osteoporosis [22]. In preclinical trials, ZA was
consistently shown to provide superior inhibition of osteoclast
activity, with the largest therapeutic ratio of desired inhibition
of calcium resorption and unwanted inhibition of

mineralization. Further, ZA has been shown to directly inhibit
breast cancer cell invasion in a dose-dependent manner, mak-
ing it a natural choice in postmenopausal women with a
history of breast cancer who are at risk for ongoing bone loss.
A North Central Cancer Treatment Group (N03CC) trial and
the Zometa-Femara Adjuvant Synergy sister trials (Z-FAST,
ZO-FAST, and E-ZO-FAST) were designed to investigate
whether ZA would be effective for prevention of bone loss
and fractures in postmenopausal women without osteopenia
or osteoporosis (i.e., T-score ≥−2.0) [11–14]. These trials eval-
uated whether upfront ZA administration for patients starting
AI therapy would lead to BMD preservation and reduced frac-
ture incidence, compared with delayed ZA administration
(i.e., after T-score fell below −2.0 or fracture was sustained).
An improvement in BMD was observed in patients receiving
early ZA, though reduction in fracture risk was not seen in the
studies assessing this endpoint [11–13]. The absence of frac-
ture risk reduction has made routine early administration of
ZA a controversial practice. When making this decision, the
potential benefit must be weighed against cost and toxicities,
which in the present study were reasonably benign, though not
non-existent.

In contrast to prior trials, which excluded women with
known osteopenia or osteoporosis, this is the first study to
provide extended follow-up of the effect of concurrent AI
and ZA administration on BMD in postmenopausal women
with pre-existing low BMDs. These data support the concept
that treatment with ZA decreases the risk of further bone loss
classically associated with AI use. Whether the increase in
BMD correlates with reduced fracture risk for this population
remains unclear. Six participants reported fractures during the
course of this 5 year study, after a total of 417 individual
assessments. This corresponds to a fracture rate of 11 % of
the original study population; however, by the end of 5 years,
only 28 patients were evaluated for this finding. A true frac-
ture rate is, thus, difficult to calculate. Additionally, without a
comparison arm, this trial was not specifically designed to
identify reduction in fracture risk by ZA treatment.

The improvement in BMD observed in this trial is consis-
tent with data from prior studies evaluating use of oral
bisphosphonates in a similar population [23, 24]. In the SA-
BRE trial, women with T-score <−2.0 who were treated with
anastrozole and risedronate experienced a significant 3.0 %
increase in LS and total hip BMD at 24-month follow-up
[23]. In the 5-year follow-up of the ARIBON trial that treated
osteoporotic postmenopausal women with early breast cancer
with anastrozole and ibandronate, a 9.65 % increase in LS
BMD was observed, along with a 2.72 % increase in total
hip BMD [24]. This trial also randomized osteopenic patients
to 2 years of anastrozole and ibandronate, or anastrozole and
placebo. At the 2-year assessment, the mean LS BMD had
increased 3.19 % in the 20 patients evaluable. For the remain-
ing 3 years of the study, ibandronate was discontinued in 17 of

Table 4 Maximum-grade toxicity incidence during the entire 5-year
study at least possibly related to study medications

Toxicity Grade 1 Grade 2 Grade 3 Total

Arthralgia 7 4 1 12

Creatinine increase 7 2 0 9

Desquamating rash 0 1 0 1

Headache 0 1 0 1

Hot flashes 0 3 0 3

Nausea 2 0 0 2

Pain in extremity 0 0 1 1

Fever 2 0 0 2

Vomiting 1 0 0 1

Musculoskeletal disorder 1 0 0 1

Urogenital disorder 0 1 0 1

Total 20 12 2 34
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these 20 patients as BMD T-scores had risen above −2.0. The
cessation of bisphosphonate therapy resulted in loss of the
accrued benefit by the end of the trial, with 15 patients ending
with T-scores at least in the osteopenic range. It seems increas-
ingly clear that addition of a bisphosphonate offers a bone
stabilizing effect for postmenopausal women with established
bone loss initiating AI therapy. However, intravenous
bisphosphonates have not been compared with oral
bisphosphonates in a head-to-head manner for this purpose.
Additionally, substantive data on fracture outcomes is lacking,
making it difficult to select a preferred route of administration.
While ZA is generally considered a potent bisphosphonate, a
recent meta-analysis has found a mortality benefit in breast
cancer patients using bisphosphonates, regardless of sub-type,
elevating the importance of convenience and toxicity profile
when deciding on a particular agent [25].

It should be noted that patients in this study received, in
addition to ZA, calcium and vitamin D supplementation,
which has been shown to decrease bone loss in healthy post-
menopausal women with osteoporosis [26–30]. To our knowl-
edge, no study has been specifically designed to evaluate the
efficacy of calcium and vitamin D in preserving BMD in
postmenopausal women with osteoporosis who are initiating
AI therapy. Importantly, however, in the companion study to
the NCIC CTG MA.17 trial [8], which was designed to eval-
uate bone loss in women receiving letrozole versus placebo,
all patients were provided with calcium and vitamin D sup-
plementation. In spite of this intervention, women in the
letrozole arm experienced a significant decrease in BMD.
Similarly, in the N03CC, E-ZO-FAST, and ZO-FAST trials,
calcium and vitamin D supplementation was provided to all
patients, with BMD results favoring those groups additionally
receiving ZA [11, 12, 14]. Based on these prior data, it is
unlikely that the improvement in BMD observed in the pres-
ent study is attributable to calcium and vitamin D administra-
tion alone; though, without a comparator arm, the influence of
calcium and vitamin D on the results cannot be fully
evaluated.

The findings of this study are limited by the small sample
size and the high dropout rate. Although the reason for drop-
out appeared to be largely due to personal preference rather
than toxicity or disease progression, attrition at the rate ob-
served in this trial introduces the possibility of bias. The sta-
tistically significant improvement in BMD observed in the
remaining evaluable patients must therefore be interpreted
cautiously. Additionally, the absence of a control arm prevents
discussion of compared benefit of ZA for this population, with
historical controls providing only an imperfect means of com-
parison. Such a study could not ethically have been performed
in a randomized, controlled fashion, given the standard use of
bisphosphonate therapy in high-risk osteopenic patients.

The impact of osteoporosis on the healthcare system is
already considerable, with incidence of hip fracture in the

USA projected to increase from 1.66 million in 1990 to 6.26
million in 2050 [31]. This is expected to contribute US$131.5
billion in healthcare expenditure to the global economy [32].
For the patient, hip and vertebral fractures translate into 5-year
survival rates 80 % of age-matched controls [33]. The in-
creased use of hormone therapy known to decrease BMD
and increase fracture risk in a high-risk sub-population can
be expected to compound this problem. This heightens the
necessity of discovering an optimal strategy to combat ongo-
ing bone loss and reduce fracture rates. This trial supports the
argument for continued use of AI therapy in combination with
ZA in postmenopausal women with established bone loss.
Further work should be designed to determine fracture risk
and to compare efficacy of intravenous versus oral bisphos-
phonate in this population.
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