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and total hip (TH) T-score mean differences as measure of BMD variation. Secondary ana-
lyses of survival outcomes have been performed at a 5-year median follow-up.
ClinicalTrials.gov identifier: NCT02616744.

Results: Median age of study population was 60.2 years (range 44—75). At the database cut-
off time, the median follow-up was 63.3 months (range 2.7—87.3). No difference in terms of T-
score was shown at baseline between arms both for TH (P = 0.61) and LS (P = 0.96). At 2-
year follow up, the mean change was statistically significant in favour of ibandronate arm both
at TH (P = 0.0002) and LS (P < 0.0001). No significant difference in terms of adverse events
was observed between arms. At a median follow-up of 63.3 months (range 2.7—87.3), the over-
all survival (OS) rate was 97.5% in the placebo group and 93.0% in the ibandronate arm
(P = 0.19). The invasive disease-free survival (iDFS) rates did not differ between groups
(P = 0.42).

Conclusions: Ibandronate compared to placebo improved BMD change in osteopenic women
treated with adjuvant Al. Five-year survival analyses showed no difference between arms in
terms of OS and iDFS rates.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Aromatase inhibitors (AI) represent the mainstay of
adjuvant treatment for post-menopausal hormone
receptor—positive breast cancer (BC) patients. Several
randomised trials and meta-analysis demonstrated Al
superiority in terms of disease-free survival (DFS)
when compared to tamoxifen treatment [1]. However,
Al toxicity profile poses a challenge in modern
oncology due to oestrogen suppression, especially in
patients potentially affected by several comorbidities
2.

Al pivotal trials demonstrated a significant bone
mineral density (BMD) loss, with an increased risk of
bone fractures after 5 years [3,4], thus impacting on
patient’s health-related quality of life (HRQoL).

Bisphosphonates represent an effective therapeutic
strategy for prevention of skeletal-related events (SRE)
in post-menopausal osteoporotic women. In patients
affected by advanced BC, bisphosphonates delayed the
time of SRE occurrence, reducing bone pain and
improving HRQoL [5]. Conversely, it is still debated
their use as standard adjuvant treatment for patients
with early disease [6,7].

Ibandronate is an active nitrogen-containing
bisphosphonate available both in oral and intravenous
formulations; it is an active inhibitor of osteoclastic
bone resorption and a potential inductor of BC cells
apoptosis [8,9]. The monthly oral formulation is an
attractive treatment schedule, alternative to intravenous
or weekly oral regimen [10].

We present the results of a placebo-controlled, single-
blind randomised phase 2 study evaluating the impact of
monthly oral ibandronate on BMD loss for osteopenic
post-menopausal patients treated with adjuvant Al
(BONADIUYV trial).

2. Patients and methods
2.1. Study patients

Between January 2011 and May 2014, we screened at the
University of Florence (Florence, Italy) 561 patients
treated with adjuvant Al for early BC, measuring BMD
with basal dual-energy x-ray absorptiometry (DXA) at
lumbar spine (LS) and total hip (TH).

Inclusion criteria of the trial were diagnosis of hor-
mone receptor—positive early BC, post-menopausal
status, age <75 years and written informed consent.
Exclusion criteria were premenopausal status at time of
randomization, disorders of bone metabolism, body
mass index (BMI) < 18 kg/m?, chronic use of steroids,
use of bisphosphonates at time of randomization, renal
disorders, previous bilateral hip fractures or bilateral hip
prostheses and psychiatric disorders or any condition
preventing from taking oral drugs.

We calculated T-scores with Hologic [11] manufac-
turer’s reference ranges for the LS (L1 to L4) and the
National Health and Nutrition Examination Survey 111
reference range for the femoral neck region [12]. Inde-
pendent DXA scans review for quality assurance was
not performed. The same DXA machine was used over
the trial time for all the patients. Screened patients with
normal BMD (T score more than —1 at both LS and
TH) were excluded from the study, and a follow-up
DXA was performed at 2 years. Patients with osteopo-
rosis (T-score less than —2.5 at either LS or TH) were
offered bisphosphonate therapy.

2.2. Study design

Patients classified as osteopenic (T-score >2.5 and
<1.0) both at the LS and TH were randomised in a 1:1
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ratio to receive either ibandronate 150 mg (oral tablet,
every 28 days) or placebo (identical appearance oral
tablet, every 28 days) for an overall treatment time of 2
years.

All recruited patients were treated with 5-year Al
vitamin D (4000 IU, weekly) and calcium (500 mg,
daily) supplements. All available Al treatments
(exemestane, letrozole and anastrozole) were allowed.
The CONSORT diagram is shown in Fig. 1.

Ibandronate/placebo capsules were taken in an up-
right position, first thing in the morning, on an empty

stomach and washed down with 100 mL water to
minimise the risk of oesophageal irritation; no food or
drink (other than water) was consumed for at least
1 h after taking the study medication.

Upon randomization, patients were stratified by
number of years since post-menopausal state (<5 versus
>5 years) and BMI (<25 versus >25 kg/m?). Allocation
of the patients in the trial arms was conducted by a
stratified randomization, using computer-generated
randomised permuted blocks within defined post-
menopausal and BMI strata.

Patients
n =561

T score at least -1.0

T score at least -2.5
butless than -1.0

T score less than -2.5

n =250

n=171

n =140

Ibandronate

Placebo

n=2389

Drop-out(n =17)
7 personal choice
S intolerance
3 progression of disease
2 lost at follow-up

Completed Study
n=72

n =82

Drop-out (n = 10)
5 personal choice
1 intolerance
3 progression of disease
1 lost at follow-up

Completed Study
n=72

Fig. 1. BONADIUYV trial profile (CONSORT diagram).
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Primary end-point was the 2-year LS and TH T-score
mean differences as measure of BMD variation.

Secondary outcomes were adverse events as a mea-
sure of safety and tolerability of treatments, invasive
DFS (iDFS; defined as any recurrence of contralateral
invasive BC [CBC], locoregional recurrence [LRR],
distant metastases [DM]) and overall survival (OS).

We also assessed hematic and urinary calcaemic,
phosphoremia, parathormone, magnesemia, vitamin D,
urinary pyridinoline, and telopeptide-C at basal, 1 year,
and 2 year from randomization (bone turnover bio-
markers were not mandatory due to lack in reimburse-
ment from the Italian National Health System; data not
reported in the present study). Study duration was 2
years, with 6-month planned evaluations. Patients were
followed up every 6 months (years 1—5), then yearly
(years 5—10). The NCI Common Terminology Criteria
for adverse events, version 4.0 (NCI-CTC v 4.0) was
used.

A secondary analysis on survival outcomes has been
performed at a median follow-up time of 5.3 years
(database cut-off on 4 May 2018). Intention-to-treat
(ITT) and per-protocol (PP) analyses of survival out-
comes were performed. The study was conducted
following the Declaration of Helsinki principles and
reviewed by the institutional review board/independent
ethics committee. Please refer to this study by its
ClinicalTrials.gov identifier: NCT02616744.

2.3. Statistical analysis

A total of 72 patients per arm of treatment were needed
to obtain an 85% statistical power to detect a 2% BMD
mean difference between the two arms (standard devi-
ation [SD] 4). Considering a 10% dropout rate, at least
158 patients were required. Primary end-point analysis is
based on 144 patients (72 per arm) who concluded
treatment both at 1 year (T1) and 2 years (T2), excluding
drop-out subjects with missing treatment data at follow-
up (PP analysis). LS and TH BMD were considered
separately. T-scores were described by means and SD at
baseline and after 1 and 2 years of treatment. We also
reported the mean change from baseline at T1 and T2
time points.

The paired samples t-test was used to compare the
means of each score in each group at different time
points (T1 and T2) from baseline. The Wilcoxon test
was used to compare the means of scores between
treatment groups at the beginning of the study (TO).
Analysis of covariance (ANCOVA) was used to estimate
the mean response as a function of treatment and
baseline score measurement to examine the change in T-
scores due to treatment from baseline at different time
points (T1 and T2) by adjusting for baseline score value.
Further analysis adjusted for BMI and years from post-
menopausal status were performed. All analyses were
performed using SAS version 9.2 (SAS Institute Inc.,

Cary, NC, USA) with P < 0.05 considered statistically
significant.

3. Results
3.1. Study population

Eighty-two patients were randomly assigned to the
placebo arm and 89 to the ibandronate group (n = 171).
Ten patients in the placebo group and 17 patients in the
ibandronate group withdrew the allocated arm before
any follow-up data collection and so were excluded from
the primary end-point analysis (Fig. 1). The final anal-
ysis of primary end-point was performed on 144 patients
(72 patients per arm).

Median age of study population was 60.2 years
(range 44—75). Main series characteristics were well
balanced; most of cases were small tumours (<2 cm)
with negative nodal status. Concerning tumour biology,
65.5% were grade 1—2 tumours, 82.5% were HER2-
negative patients, and the Ki67 proliferative index was
below the 20% threshold in the 38% of cases. No pa-
tients received adjuvant chemotherapy. Concerning
adjuvant endocrine therapy, 121 patients (70.8%)
received letrozole (63 ibandronate versus 58 placebo
arm), 35 (20.5%) received anastrozole (20 ibandronate
versus 15 placebo arm), and 15 (8.7%) received
exemestane (six ibandronate versus nine placebo arm).
Series features at randomization are reported in Table |
(ITT analysis) and in Appendix Tables (PP analysis).

At the database cut-off time for the present analysis
(4 May 2018), median follow-up was 63.3 months for
whole series (mean 61.2; range 2.7—87.3), 64.9 months
for the placebo arm (range 33.8—84.0), and 62.2 months
for the ibandronate arm (range 24.2—87.3).

Table 1
Main baseline individual characteristics (ITT analysis).
Characteristics Placebo, Ibandronate,
N = 82 N = 89

Median age, years (IQR) 59.6 (53.9; 68.0) 60.5 (54.3; 67.0)
T-score

Total hip —1.8(-3.5, -0.2) —1.7(-2.5,0.5)

Lumbar spine —1.5(—4.6, 2.8) —1.4(-2.5,6.2)
BMI groups, n (%)

<25 kg/m? 47 (57.3) 54 (60.7)

>25 kg/m? 35 (42.7) 35 (39.3)
Years from menopause, n (%)

<5 28 (34.1) 30 (33.7)

>5 54 (65.9) 59 (66.3)
Mastectomy 26 (31.7) 21 (31.7)
pT1 tumour size 62 (75.6) 68 (76.4)
Negative nodal status 53 (64.6) 52 (58.4)
Tumor grade 1-2 57 (69.5) 55 (61.8)
Ki67 proliferative index >20% 52 (63.4) 54 (60.7)
HER?2 positive status 12 (14.6) 18 (20.2)

Abbreviations: BMI, body mass index; HER2, human epidermal
growth receptor factor 2; IQR, interquartile range.
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3.2. Bone mineral density

No difference in terms of T-score was shown at baseline
between arms both for TH (P = 0.61) and LS
(P = 0.96).

At 1-year follow-up, placebo group showed a T-score
worsening both at TH (mean change: —0.19) and LS
(mean change: —0.13). Conversely, ibandronate group
showed a T-score improvement at both sites (+0.09 and
+0.17 at TH and LS, respectively). The mean change
was statistically significant both at TH (P = 0.0006) and
LS (P = 0.0001).

At 2-year follow-up, placebo group showed a T-score
decrease at TH (mean change: —0.09), and LS (mean
change: —0.24). Ibandronate group showed a T-score
increase (+0.28 at TH and +0.35 at LS). The mean
change was statistically significant both at TH
(P = 0.0002) and LS (P < 0.0001).

Relative and absolute change of patients” T-scores at
TH and LS over time (at T1 and T2) compared with
baseline are reported in Table 2 and Table 3, respec-
tively. Percentage changes in TH and LS BMD are
shown in Fig. 2 and Fig. 3, respectively. ANCOVA
adjusted for BMI and years from post-menopausal
status confirmed the results at T1 (P = 0.021) and T2
(P < 0.0001) for LS, and at T1 (P = 0.012) and T2
(P = 0.09) for TH.

3.3. Safety

The most represented adverse events recorded during
the allocated treatment time were arthralgia/myalgia
(43.7%), dyspepsia (18.7%), flu-like symptoms (7.6%)
and hot flashes (5.5%). No significant difference was
observed between arms (PP analysis). Any grade and
severity of main adverse events stratified by arms were
summarised in Table 4.

At the time of the present analysis, we recorded two
SREs (1.4% in the overall series; one case in the
ibandronate arm, and one case in the placebo arm) and
five cardiac events (3.5% in the overall series; four in the
ibandronate arm [5.6%] and one in the placebo arm
[1.4%]; Fisher’s exact test 0.37). No osteonecrosis of the
jaw occurrence was reported.

3.4. Survival outcome

At the database cut-off time, the OS rate was 97.5% in
the placebo group and 93.0% in the ibandronate arm
(ITT analysis). We observed six LRR (four in the pla-
cebo arm, two in the ibandronate arm; P = 0.37), seven
DM (one in the placebo arm, six in the ibandronate arm;
P = 0.067), and three CBC (one in the placebo arm, two
in the ibandronate arm; P = 0.71). The iDFS events rate
did not differ between groups: six in the placebo group
and ten in the ibandronate group (P = 0.42). Up to data
cut-off, eight deaths have occurred: two in the placebo

Mean (and SD) T-score at total hip at different time points (baseline, T1 and T2), and change (mean and 95% CI; percentage) at T1 and T2 compared to baseline (per protocol analysis; data available

for 144 patients at each assessment time).

Table 2

T2

Tl

Baseline

Total hip

P value®

Change (%)

Mean change

P value® Mean (SD)
(95% CI)

Change (%)

Mean change
(95% CI)

Mean (SD)

Mean (SD)

0.30

5.1

+16.6

—0.09 (—0.24/+0.08)

+0.28 (0.15/0.40)

~1.85(0.77)
~1.41 (0.68)

0.007
0.16

—-10.8

+5.3

~0.19 (—0.05/—0.33)
10.09 (—0.04/+0.21)

~1.95 (0.70)
~1.60 (0.56)

~1.76 (0.58)
~1.69 (0.58)

Placebo arm

<0.0001

Ibandronate

arm
P value

0.0002¢

0.0006°

0.61°

Abbreviations: CI, confidence interval; SD, standard deviation.

% P-value from paired samples 7-test (comparison of repeated measures from baseline at T1 and T2) for each arm.

> P value from Wilcoxon test (comparison between arms at baseline).

¢ P value from covariance analysis (comparison between arms at T1 and T2).



Table 3

Mean (and SD) T-score at lumbar spine at different time points (baseline, T1 and T2), and change (mean and 95% CI; percentage) at T1 and T2 compared to baseline (per protocol analysis; data

available for 144 patients at each assessment time).

T2

Tl

Baseline

Lumbar spine

P value®
<0.0001
<0.0001

Change (%)
—16.2
+23.3

Mean change (95% CI)
—0.24 (—0.14/-0.36)

10.35 (=0.21/0.51)

Mean (SD)
—1.72 (1.07)
—1.15(0.87)

<0.0001¢

P value®

0.003
0.01

Change (%)

-8.8

Mean change (95% CI)

Mean (SD)
—1.61 (1.06)
—1.33 (0.83)

0.0001¢

Mean (SD)
—1.48 (0.97)
—1.50 (0.77)

0.96°

~0.13 (=0.05/0.22)
10.17 (0.04/0.31)

Placebo arm

+11.3

Ibandronate arm

P value
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% P value from paired Sample #-test (comparison of repeated measures from baseline at T1 and T2) for each arm.

° P value from Wilcoxon test (comparison between arms at baseline).

¢ P value from covariance analysis (comparison between arms at T1 and T2).

arm and six in the ibandronate arm. The OS rate did not
differ between arms (P = 0.19).

The 5-year OS rates were 93.0% (ibandronate arm)
versus 97.5% (placebo arm), the 5-year iDFS rates were
89.4% (ibandronate arm) versus 92.4% (placebo arm).
Kaplan—Meier OS and iDFS curves are shown in Fig. 4
and Fig. 5, respectively (ITT analysis). PP analyses are
reported in Appendix Tables.

4. Discussion
4.1. BMD and safety

The AI impact on patients’ HRQoL represents one of
the most important challenges in BC adjuvant treat-
ment management due to several potential adverse
events, such as sexual dysfunction, cognitive impair-
ment, cardiovascular toxicity, and osteoporosis [13].
Progressive bone loss and potential subsequent SREs
related to Al therapy can develop within the first year
and continue throughout the duration of endocrine
treatment [4,14,15]. Therefore, a bone loss prevention
strategy, with the consequent impact on the socio-
economical aspects, represents a big concern during
this global economic world crisis era. The available
evidence suggest that pre- and post-menopausal pa-
tients may receive clinical benefit including
bisphosphonates as part of their adjuvant treatment
regimen for hormone receptors—positive early BC
[16,17].

An important debated issue was to clarify the real
impact of Al in the BMD decrease, studying the trend of
bone loss over time. Indeed, it is well known that post-
menopausal patients had several factors (i.e. age, BMI,
habits, drugs assumption) that may negatively influence
the BMD during endocrine treatment.

Our phase 2 placebo-controlled study showed no
difference in TH and LS T-scores at baseline in both
arms. At 1-year follow-up, in the placebo arm, we noted
a significant T-score worsening at both anatomical sites,
in contrast with patients treated with monthly ibandr-
onate. At 2-year control, we reinforced the results: the
placebo arm showed a progressive decrease, unlike
ibandronate group that continuously increase BMD
value. This significant effect was maintained irre-
spectively of potential confounding factors, such as
post-menopausal state and BMI.

Similarly, Lester and colleagues [18] evaluated BMD
in 131 post-menopausal, surgically treated early BC
(including 50 osteopenic patients) treated with anas-
trozole and calcium plus vitamin D supplementation.
Patients were randomised to receive either treatment
with ibandronate 150 mg orally every month or placebo.
After 2 years, osteopenic patients treated with ibandr-
onate gained +2.98% and +0.60% at the LS and TH,
respectively. Conversely, patients treated with placebo
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Fig. 3. Bone mineral density (BMD) changes at lumbar spine (144 patients at each time).
Table 4

Main adverse events per arm (per protocol analysis).

Symptom

Ibandronate (n = 72)

Placebo (n = 72)

All grades n (%)

Grade >2 n (%)

All grades n (%)

Grade >2 n (%)

Arthralgia/bone pain/myalgia
Dyspepsia

Flu-like symptoms

Hot flashes

Vaginal dryness

Mood disorders
Dizziness

Insomnia

Diarrhea

Weight gain

Breast pain

Headache
Thromboembolic event
Anemia

Uterine polyps

Opverall

Any toxicity, any grade
Any toxicity, grade >2

31 (43.1)
13 (18.1)
8 (11.1)
5(6.9)

4 (5.6)

4 (5.6)
3(4.2)
34.2)
2(2.8)
2(2.8)

2 (2.8)
2(2.8)
1(1.4)
1(1.4)
1(1.4)
Ibandronate, n (%)
36 (50)
79.7)

3(4.2)
1 (1.4)
0
0
0
1 (1.4)
2(2.8)

1(1.4)

(= Ne e e

32 (44.4)
14 (19.4)
3 (4.2)
3(4.2)

0

3(4.2)

1 (1.4)
2(2.8)

2 (2.8)
1(1.4)

3 (4.2)
34.2)

1 (1.4)
1(1.4)

1 (1.4)
Placebo, n (%)
39 (54.2)
709.7)

2(2.8)
2(2.8)

P value®

0.74
1.0

& P value from chi-square test.
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Fig. 5. Kaplan—Meier invasive disease-free survival (iDFS) curves by allocated treatment arm (ITT analysis).

lost —3.22% at the LS and —3.90% at the TH. The
differences between the two treatment arms were sta-
tistically significant at both sites (P < 0.01). At a study
update [19], among the 16 patients randomised to

P

O -

107

placebo, 8 of 16 with high rates of bone loss during years
0—2 received ibandronate over the next 3 years with
improvements in BMD of +5.01 and +1.19 at the LS
and TH, respectively.
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In our experience, bisphosphonates patients
compared to baseline showed a 2-year BMD improve-
ment of 4—6% both at TH and LS, with a mean dif-
ference between arms much greater than the 2%
threshold used for primary end-point statistical
assumption. To note, the increase of BMD was almost
doubled between 1-year and 2-year follow-up controls.

Ibandronate was not the only bisphosphonate that
demonstrated a significant impact on BMD loss pre-
vention strategy. Trials evaluating early assumption of
adjuvant zoledronic acid [20—24] and risedronate
[25—27] showed a statistically significant improvement
of BMD and a bone loss prevention over time.

In our study, patients’ treatment tolerance was in line
with previously published experiences [28,29], with an
expected dropout rate of 19.1% mainly due to patient’s
personal choice (41.2%) more than tolerance (29.4%) in
the treatment arm (Fig. 1). No major adverse events
were recorded during study’s conduction, the main re-
ported toxicities were arthralgia/myalgia and dyspepsia,
with no significant differences between arms observed.

Although the use of the same manufacturer for BMD
evaluation and a local reassessment of BMD data per-
formed after database lock, an independent external
review for quality assurance purpose was not performed,
and this may represent a study limitation.

4.2. Survival outcomes

In our study, at a median follow-up time of 5.3 years,
the number of iDFS events and deaths did not differ
between arms. However, we are aware of the paucity of
events and the short observation time.

Several prospective studies postulated the efficacy of
bisphosphonate on BC relapse [30—40]. Powles and
colleagues randomised 1069 patients to receive 2 years
of oral clodronate or placebo, concomitantly with
standard treatment. Results showed that risk of bone
metastases was significantly reduced in the experimental
arm over the 2- and 5-year medication period (hazard
ratio [HR] 0.546, P = 0.031 and HR 0.692, P = 0.043,
respectively), and survival was improved in patients
undergoing clodronate treatment (HR 0.768, P = 0.048)
[30]. Also, findings from the NSABP B-34 trial sug-
gested that bisphosphonates might have anticancer
benefits for older post-menopausal women [31]. In the
Austrian Breast and Colorectal Cancer Study Group-
12 study, a 36% reduction in risk of disease recurrence in
premenopausal patients receiving zoledronic acid plus
endocrine therapy compared with endocrine therapy
alone was observed [32].

Conversely, the results from the 5-year AZURE
study [33], which evaluated 3360 patients receiving
neoadjuvant chemotherapy and/or endocrine therapy
randomised to receive or not receive zoledronic acid
indicate that no overall benefit in terms of iDFS from
the addition of zoledronic acid to standard adjuvant

treatments for early BC. However, it reduced the
development of bone metastases and, for post-
menopausal women, improved disease outcomes
(development of bone metastases, both as a first event
and at any time during follow-up), independently of
oestrogen-receptor status. Other studies failed to show
clinical benefit from bisphosphonates treatment both in
the adjuvant (in terms of iDFS or OS) [34—36] and
neoadjuvant settings (in terms of DFS and pathological
complete response) [37—40].

Even though the results from main published trials
evaluating bisphosphonates effects on disease recurrence
and survival in BC are conflicting, several countries
recommend the use of bisphosphonates as bone metas-
tases prevention strategy for high-risk adjuvant BC.

Reliable evidence is needed about the effects of
bisphosphonates on BC outcomes. The Early Breast
Cancer Trialists’ Collaborative Group (EBCTCG) 2015
meta-analyses showed that adjuvant bisphosphonate
treatment in early BC can reduce the rate of disease
recurrence in the bone and improve the disease-specific
survival in the women who were post-menopausal when
treatment began [41]. The EBCTCG meta-analyses up-
date is pending and may confirm these encouraging
findings.

5. Conclusions

Two-year adjuvant ibandronate compared to placebo
improved BMD change in osteopenic women treated
with adjuvant AIL. Our results strengthen the overall
usefulness of a bone loss prevention strategy for BC
patients receiving adjuvant Al, also for the specific
group of osteopenic women at baseline. Longer follow-
up and further investigations are warranted to moni-
toring the risk of SRE and survival outcomes in healthy
patients treated with Al
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