
Journal of Bone Oncology 26 (2021) 100343
Contents lists available at ScienceDirect

Journal of Bone Oncology

journal homepage: www.elsevier .com/ locate/ jbo
Feasibility outcomes of a randomised, multicentre, pilot trial comparing
standard 6-monthly dosing of adjuvant zoledronate with a single
one-time dose in patients with early stage breast cancer
https://doi.org/10.1016/j.jbo.2020.100343
2212-1374/� 2020 The Author(s). Published by Elsevier GmbH.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author at: Division of Medical Oncology, The Ottawa Hospital
Cancer Centre, 501 Smyth Road, Ottawa, Canada.

E-mail address: mclemons@toh.ca (M. Clemons).
Arif Awan a,b, Terry Ng a,b, Henry Conter c, William Raskin c, Carol Stober b, Demetrios Simos d, Greg Pond e,
Sukhbinder Dhesy-Thind e, Mihaela Mates f, Vikaash Kumar g, Dean Fergusson h, Brian Hutton h,
Deanna Saunders b, Lisa Vandermeer b, Mark Clemons a,b,⇑, on behalf of the REaCT Investigators
aDepartment of Medicine, Division of Medical Oncology, The Ottawa Hospital and University of Ottawa, Ottawa, Canada
bCancer Therapeutics Program, Ottawa Hospital Research Institute, Ottawa, Canada
cWilliam Osler Cancer Centre and Department of Oncology, University of Western Ontario, Brampton, Canada
d Stronach Regional Cancer Center, Newmarket, Canada
eDepartment of Oncology, Juravinski Hospital and Cancer Centre and McMaster University, Hamilton, Canada
fCancer Centre of Southeastern Ontario, Kingston, Canada
gMarkham Stouffville Hospital, Shakir Rehmatullah Cancer Clinic, Markham, Canada
hClinical Epidemiology Program, The Ottawa Hospital Research Institute and University of Ottawa, Ottawa, Canada

a r t i c l e i n f o
Article history:
Received 10 November 2020
Revised 24 November 2020
Accepted 26 November 2020
Available online 13 December 2020

Keywords:
Breast cancer
Zoledronate
Adjuvant bisphosphonate
a b s t r a c t

Background: Adjuvant zoledronate is widely used in patients with early stage breast cancer (EBC), but its
optimal duration and dosing interval is still unknown. While a single-dose of zoledronate can improve
bone density for many years, a proper evaluation of its effects on breast cancer-related outcomes would
require a large trial. In this pilot study we evaluated the feasibility of performing such a trial.
Methods: Eligible patients with EBC were randomised to receive either one dose of zoledronate or 7 doses
(6-monthly dosing for 3 years). Feasibility was assessed by a combination of primary outcomes including:
activation of at least 6 Ontario sites within a year, active participation (i.e. approaching eligible patients
for study participation) of at least half of the medical oncologists, and enrolment of at least 100 patients
across all sites within 9 months of the sixth site being activated.
Results: All 6 sites were activated within 1 year and of 47 medical oncologists, 27 (57%) approached
patients. Between November 2018 and April 2020, 211 eligible patients were randomised, 106 (50.2%)
to a single dose of zoledronate and 105 (49.8%) to 6-monthly dosing. Baseline characteristics of ran-
domised patients included; median age 59 (range 36–88), ER and/or PR positive (85%), Her2 positive
(23%), menopausal status (premenopausal [19%], perimenopausal [6.7%] and postmenopausal [74%])
and 74% received neo/adjuvant chemotherapy.
Conclusions: All study feasibility endpoints were met in this trial comparing alternative schedules for
adjuvant zoledronate. We will now seek funding for performing a larger efficacy trial.
Trial registration: NCT03664687.

� 2020 The Author(s). Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Patients with early stage breast cancer (EBC) are at an increased
risk of skeletal morbidity, as reflected through both bone recur-
rences and fragility fractures. Many trials have evaluated bone-
modifying agents such as bisphosphonates and denosumab as
adjuvant therapy in EBC patients with variable results [1,2]. The
findings of an individual patient data meta-analysis showed that
in postmenopausal women adjuvant bisphosphonates reduced
the rate of distant breast cancer recurrence, recurrence in the bone
and improved breast cancer survival [3]. This publication, and
evidence-based treatment guidelines recommend that bisphos-
phonates (usually zoledronate or clodronate) be considered as
adjuvant therapy for postmenopausal patients with breast cancer
who are deemed candidates for adjuvant systemic therapy [3–5].
One guideline more specifically recommended bisphosphonates
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for those patients treated with chemotherapy and/or a > 12% risk of
breast-cancer death at 10 years [6].

Despite these recommendations and the widespread use of
zoledronate, the meta-analysis [3] was unable to identify the opti-
mal agent, its dose or duration. It is therefore not surprising that
with adjuvant zoledronate trials utilising different numbers of
zoledronate infusions (7 to 19) and different durations of treat-
ment (2 to 5 years) [7–9] that many guidelines have recommended
6-monthly zoledronate over 3–5 years. Of interest, uptake of these
recommendations has been variable. For example, in Ontario,
Canada, zoledronate was approved for funding in 2016, the per-
centage of patients over the age of 50 receiving adjuvant
chemotherapy for breast cancer (and would therefore be consid-
ered to have higher risk disease) who also received adjuvant zole-
dronate was 4% (135/3370) in 2016, 13.7% (343/2502) in 2017, 20%
(516/2568) in 2017 and in 2019 was 20.1% (452/2239) [10].

A number of studies have shown that a single-dose of zole-
dronate results in increased bone density over 2 years [11,12],
3 years [13] and 5 years [14] in different patient populations,
including those with cancer. Furthermore, pharmacokinetic data
with intravenous bisphosphonates in post-menopausal women
showed the terminal half-life to be over a decade [15]. We hypoth-
esize that one dose of zoledronate will be non-inferior to dosing
every 6 months over 3 years for a number of primary end points
including, invasive disease free survival, bone metastasis-free sur-
vival and breast cancer specific overall survival. A single injection
of zoledronate should also improve patient adherence to treat-
ment, reduce visits to the cancer centre for treatment, lead to fewer
bone modifying agent related adverse events, improve health-
related quality of life, and reduce cost and health care resource uti-
lization. However, given the bone-metastasis event-free survival
rate of newly diagnosed breast cancer patients is around 5% at 3–
5 years, a non-inferiority study would require enrolment of thou-
sands of patients [3]. For such a large sample size to be achieved,
a pilot study is required to assess whether a larger clinical trial
could be completed. Thus, we proposed a pragmatic, multicentre,
open-label, randomized clinical trial to demonstrate the feasibility
of opening a trial comparing a single-dose of zoledronate to 6-
monthly dosing of zoledronate over 3 years.
2. Methods

2.1. Study population

Patients with EBC who were to receive systemic neo/adjuvant
treatment and for whom adjuvant zoledronate would also be pre-
scribed were potentially eligible. Other inclusion criteria included:
commencing zoledronate within 3 months of starting endocrine
therapy or within 3 months of completion of neoadjuvant or adju-
vant chemotherapy. Patients receiving prior intravenous or oral
bisphosphonates, or subcutaneous denosumab for the treatment
of osteoporosis discontinued treatment prior to baseline evalua-
tion. Patients had to have an ECOG performance status � 2, serum
creatinine > 30 ml/min and serum calcium � 2 mmol/l within
4 weeks before first zoledronate infusion and be able to provide
written consent. Exclusion criteria included: metastatic disease,
history of or current evidence of osteonecrosis of the jaw and preg-
nancy or risk of pregnancy in patients that were not willing to
practice contraception for the duration of the study. Patients were
assessed at their usual clinic visits. No radiological assessments
beyond conventional practice were mandated by the study. The
study was approved by Health Canada as well as both local and
provincial Research Ethics Boards (Ontario Research Ethics Board,
OCREB). The trial was registered on clinicaltrials.gov
NCT03664687 [16].
2

2.2. Trial design

In this multi-center unblinded randomized trial, patients were
approached by their medical oncologist during a routine clinic
visit. Eligible and consented patients were randomised in a 1:1
ratio using permuted variable block size of 4 and 6 to either:
Arm A: Zoledronate one dose (4 mg) or Arm B: Zoledronate 4 mg
every 6 months for 3 years (i.e. 7 doses). Allocations were con-
cealed until patients were registered and enrolled. Stratification
occurred by centre. Patients were stratified by centre and by use
of chemotherapy (yes, no). Commercially available stocks of drug
were used and initial dose, dose modifications and method of
administration were as per the product monographs. Patients were
instructed to take calcium and vitamin D as per Health Canada
guidelines.

2.3. Data collection

Endpoint data were collected from emails sent to the treating
physician when the patient was expected back in clinic and from
the patient’s electronic medical record (EMR) at baseline, 6, 12,
18, 24, 30 and 36 months. If the patient was randomized and either
the patient or physician refused the randomization selection, rea-
sons for this were recorded. Data collected included: baseline char-
acteristics (age, stage of disease and type of chemotherapy),
laboratory results (i.e. serum creatinine, serum calcium before each
zoledronate infusion), most recent bone mineral density reading (if
performed, as not study mandated) and baseline menopause
status.

2.4. Outcomes

Primary Outcome: The feasibility of performing this randomised
trial was assessed by a combination of metrics: activation of at
least 6 Ontario sites, activation of the sixth site within 12 months
of the first site being open for accrual, active participation in the
trial (i.e. approaching eligible patients for study participation) of
at least half of the medical oncologists at each site and enrolment
of at least 100 patients across all 6 sites within 9 months of the
sixth site being activated. The results of the primary outcomes
are presented in this manuscript. These endpoints were chosen
as indicators of committed physicians across centers, such that it
would be possible to reach the sample size of a larger definitive
trial.

Secondary Outcomes: A combination of secondary endpoints
were evaluated including: Health utilities and incremental cost-
effectiveness ratios, bone-metastasis-free survival (BMFS), time
to first bone metastasis, fragility fractures rates and toxicity. Signif-
icant toxicities including; acute phase responses, ONJ, impaired
renal function resulting in either discontinuation of zoledronate
or zoledronate dose adjustment, atypical femur fracture, and new
diagnosis of atrial fibrillation were also assessed. As dental care
is not free in Canada, dental examination were recommended but
not mandated. Hospitalizations and ER visits related to zoledronate
were also collected. Baseline FRAX (Fracture Risk Assessment Tool)
scores were calculated for each patient using most recent bone
mineral density (BMD) reading if available [17]. Baseline FRAX
scores were also calculated without bone density values if these
were not available [18]. FRAX scores calculate the 10-year proba-
bility of a major osteoporotic fracture (proximal part of the
humerus, wrist, or hip or a clinical vertebral fracture) and of a
hip fracture, calibrated to the fracture and death hazards [19–
21]. As scores can vary between countries, the validated Canadian
tool was used [22].

Exploratory outcomes: Disease free survival (DFS), defined as the
percentage of people in the trial who were alive and cancer free
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after a specified number of years, and overall survival (OS), defined
as the number of people alive, with or without signs of cancer will
also be evaluated. As these endpoints as well as the secondary out-
comes will take many years to occur they will be published
elsewhere.

2.5. Statistical methods

Descriptive analysis: Baseline characteristics are presented as
means (continuous measures) or proportions (dichotomous or cat-
egorical data) with 95% confidence intervals.

Analysis of the primary outcome: If all four primary outcomes
defined above were met, then the study will be deemed as having
met its feasibility goals, and planning for a larger randomized clin-
ical trial could begin. If any primary outcomes were not met, the
study will be deemed unfeasible.

2.6. Sample size

Given that this study is an internal pilot, a specific sample size
cannot be calculated. We estimate that by the time the final centre
has been activated for 9 months, we would accrue between 100
and 200 patients.

2.7. Study populations

The intent-to-treat (ITT) population was used for all primary
feasibility and secondary clinically important outcomes. The ITT
population was comprised of all patients who consented to partic-
Fig. 1. CONSOR

3

ipate in the, met all eligibility criteria, and were randomized to
treatment, regardless of whether they went on to receive any study
treatment or regardless of the duration of follow-up. Patients were
included in the per protocol (PP) population if they were included
in the ITT population and went on to receive at least one dose of
treatment as per their planned treatment allocation. The PP popu-
lation would be used for supportive analyses.
3. Results

3.1. Baseline patient characteristics

Between November 1, 2018 and April 2, 2020, 287 patients
were approached about the study (The CONSORT diagram is shown
in Fig. 1). Of these, 51 declined study participation. In total, 235
patients consented and were then assessed for study eligibility.
25 patients withdrew from the study; the most common reasons
were: ineligible (n = 3), patient choice (n = 9) and physician choice
(n = 12). The reasons for withdrawal are shown in Fig. 1. Practice
changes due to the Covid-19 pandemic significantly changed the
ability of patients to start treatment within protocol mandated
timelines (n = 10).

Of the 211 eligible and randomised patients, 106 (50.2%) were
randomised to single-dose zoledronate and 105 (49.7%) to 6-
monthly zoledronate treatment. Baseline characteristics of the ran-
domised patients are shown in Table 1. For the randomised
patients, median age was 59 (range 36–88), 85% were ER and/or
PR positive, 23% were Her2 positive, 12% were triple negative,
and 74% of patients were postmenopausal (19% premenopausal
T Diagram.



Table 1
Baseline patient and disease characteristics.

N Total Single zoledronate N = 106 6-monthly zoledronate N = 105

Age, Mean, (sd) 211 59.5 (11.0) 59.7 (11.4) 59.2 (10.8)
Median (range) 59.8 (36.4, 88.5) 61.9 (37.0, 88.5) 58.3 (36.4, 86.1)

Sex, No. (% female) 211 209 (99.1) 106 (100) 103 (98.1)
Ethnicity: 211
African Canadian 8 (3.8) 7 (6.6) 1 (1.0)
Asian 17 (8.1) 11 (10.4) 6 (5.7)
Caucasian 172 (81.5) 82 (77.4) 90 (85.7)
Native Canadian 1 (0.5) 1 (0.9) 0 (0)
Unknown 13 (6.1) 5 (4.7) 8 (7.6)

BMI Mean (sd) 210 28.9 (6.0) 28.8 (5.8) 28.9 (6.3)
ECOG: 211
0 82 (38.9) 36 (34.0) 46 (43.8)
1 67 (31.8) 34 (32.0) 33 (31.4)
2 4 (1.9) 0 (0) 4 (3.8)
Unknown 58 (27.5) 36 (34.0) 22 (21.0)

Menopausal status at time of cancer diagnosis: 209
Peri 14 (6.7) 7 (6.6) 7 (6.8)
Post 155 (74.2) 76 (71.7) 79 (76.7)
Pre 40 (19.1) 23 (21.7) 17 (16.5)

Disease characteristics
ER positive N (%) 211 177 (83.9) 85 (80.2) 92 (87.6)
PR positive N (%) 211 139 (65.9) 68 (64.2) 71 (67.6)
ER and/or PR positive N (%) 211 180 (85.3) 86 (81.1) 94 (89.5)
Triple negative N (%)
(ER-, PR-, Her2-) 211 26 (12.3) 18 (17.0) 8 (7.6)
Her2 positive N (%) 211 48 (22.8) 23 (21.7) 25 (23.8)
T stage: 210
1 90 (42.9) 48 (45.3) 42 (40.4)
2 98 (46.7) 45 (42.4) 53 (51.0)
3 19 (9.1) 12 (11.3) 7 (6.7)
4 3 (1.4) 1 (1.0) 2 (1.9)

N stage: 210
0 115 (54.7) 62 (58.5) 53 (51.0)
1 78 (37.1) 36 (34.0) 42 (40.4)
2 12 (5.7) 6 (5.6) 6 (5.8)
3 5 (2.38) 2 (1.9) 3 (2.8)

Overall stage: 210
IA 55 (26.2) 35 (33.0) 20 (19.2)
IIA 89 (42.4) 38 (35.8) 51 (49.0)
IIB 40 (19.1) 17 (16.0) 23 (22.1)
IIIA 19 (9.1) 13 (12.3) 6 (5.8)
IIIB 2 (1.0) 1 (0.9) 1 (1.0)
IIIC 5 (2.4) 2 (1.9) 3 (2.9)

Baseline biochemistry
Serum Creatinine (umol/L) Mean (sd) 211 67.7 (14.8) 66.7 (14.8) 68.6 (14.9)
Serum Calcium (mmol/L) Mean (sd) 211 2.33 (0.21) 2.34 (0.20) 2.31 (0.22)
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and 6.7% were perimenopausal). With respect to disease stage,
129/210 (61%) patients had stage 2 disease and 26/120 (12%) had
stage 3 disease. With respect to cancer treatment, 150/211 71%
received chemotherapy with the majority (112/150, 74%) receiving
it in the adjuvant setting (Table 2). 81.5% of patients were planned
to receive endocrine therapy. This was either with an aromatase
inhibitor (AI) (30.8%), tamoxifen (44.2%), or tamoxifen-AI switch
strategy (20.9%). Overall, 4.1% of patients received a concurrent
LHRH analogue.

Baseline characteristics related to fragility fracture risk are
shown in Table 3. Median (MO) FRAX scores were 5.4 (range 0.9,
47) and HF scores 0.5 (range 0, 38). At baseline, 3.3% of patients
had experienced a prior fragility fracture. Self-identified reports
included osteopenia in 4.3% of study participants, osteoporosis
8.1% and 21% were unsure.

3.2. Primary outcome measures

The feasibility of performing this randomised trial was
assessed according to three metrics. The study was able to open
4

at 6 Ontario sites (Ottawa, Newmarket, Brampton, Kingston,
Hamilton and Markham). The first site opened on October 23,
2018 and the sixth site opened on October 21, 2019. Thus, acti-
vation (i.e. study being open for accrual) of the sixth site
occurred within 12 months of the first site being open for
accrual.

Active participation in the trial was defined as the number of
physicians who signed study logs for study participate who actu-
ally approached eligible patients for study participation. Of 47
physicians who signed study logs, 27 (57%) approached patients.
By individual study site this ratio was: Ottawa (7/10, 70%), New-
market (2/9, 22.2%), Brampton (3/8, 37.5%), Kingston (4/7, 57.1%),
Hamilton (6/8, 75%) and Markham (5/5, 100%). The final feasibility
endpoint evaluated whether we could enroll at least 100 patients
across all sites within 9 months of the sixth site being activated.
The sixth site was activated on October 21, 2019 and April 2020
when the study closed (7 months later) 211 patients had been ran-
domised. Of these 211 patients 107 (50.7%) were randomised to a
single dose of zoledronate and 104 (49.3%) to the 6-month dosing
arm.



Table 2
Baseline treatment characteristics.

N Total Single zoledronate 6-monthly zoledronate

N = 106 N = 105

Chemotherapy N (%) 211
Yes 150 (71.1) 79 (74.5) 71 (67.6)

Adjuvant N (%) 150
Yes 112 (74.7) 53 (50.0) 59 (56.2)

Chemotherapy Regimen: 150
AC-T 9 (6.0) 4 (5.1) 5 (7.0)
FEC-D 30 (20.0) 18 (22.8) 12 (16.9)
TC 58 (38.7) 26 (32.9) 32 (45.1)
dd AC-T 47 (31.3) 28 (35.4) 19 (26.8)
AC-carbo-T 1 (0.7) 0 (0.0) 1 (1.4)

Other 5 (3.3) 3 (3.8) 2 (2.8)
Trastuzumab N (%) 211
Yes 46 (21.8) 23 (21.7) 23 (21.9)

Adjuvant endocrine therapy N (%) 211
Yes 172 (81.5) 82 (77.4) 90 (85.7)

Planned endocrine therapy: 172
AI 53 (30.8) 23 (28.1) 30 (33.4)
LHRH 7 (4.1) 4 (4.9) 3 (3.3)
Tamoxifen 76 (44.2) 38 (46.3) 38 (42.2)
Tamoxifen to AI 36 (20.9) 17 (20.7) 19 (21.1)

AC-T = AC-paclitaxel; dd AC-T = dose dense AC-paclitaxel

Table 3
Baseline bone health characteristics.

Bone Health characteristics N Total Single zoledronate 6-monthly zoledronate

Osteoporosis N (%) 210
Yes 17 (8.1) 8 (7.5) 9 (8.6)

Osteopenia N (%) 210
Yes 9 (4.3) 1 (0.9) 8 (7.7)
I do not know 35 (16.7) 26 (24.5) 9 (8.6)

Current use of bisphosphonate N (%): 211
Yes 5 (2.4) 1 (0.9) 4 (3.8)
No 206 (97.6) 105 (99.1) 102 (96.2)

Prior bone mineral density assessment within 3 years 211
Yes 28 (13.3) 12 (11.3) 16 (15.2)
No 183 (86.7) 94 (88.7) 89 (84.8)

If yes:
Femoral T-score: 28
�1.0 or above (normal bone density) 12 (42.9) 6 (50.0) 6 (37.5)
Between �1.0 and �2.5 (osteopenia) 16 (57.1) 6 (50.0) 10 (62.5)
�2.5 or below (osteoporosis) 0 (0) 0 (0) 0 (0)

BMD Femoral Neck T-score: 28
28 (13.3) 12 (11.4) 16 (15.1)
�1.01 �1 �1.01

Questions from FRAX
Age, Mean, (sd) 211 59.5 (11.0) 59.7 (11.4) 59.2 (10.8)
Median (range) 59.8 (36.4, 88.5) 61.9 (37.0, 88.5) 58.3 (36.4, 86.1)
Sex, No. (% female) 211 209 (99.1) 106 (100) 103 (98.1)
Height (cm) Mean (sd) 210 162.3 (7.0) 161.6 (6.3) 163.0 (7.6)
Weight (kg) Mean (sd) 211 76.2 (17.1) 75.4 (6.3) 77.0 (17.5)
Previous fracture 209
Yes 7 (6.4) 4 (3.8) 3 (2.9)
No 202 (96.6) 100 (96.2) 102 (97.1)

Parent fractured hip 209
Yes 27 (12.9) 11 (10.5) 16 (15.3)
No 182 (87.1) 93 (89.5) 88 (84.7)

Current smoking N (%) 209
Yes 9 (4.3) 3 (2.8) 6 (5.8)

Current or past glucocorticoid use N (%) 211
Yes 14 (6.6) 8 (7.5) 6 (5.8)

Rheumatoid arthritis 211
Yes 6 (2.8) 4 (3.8) 2 (1.9)

Secondary osteoporosis questions from FRAX
Type 1 diabetes N (%) 211
Yes 1 (0.5) 1 (0.9) 0 (0)

(continued on next page)
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Table 3 (continued)

Bone Health characteristics N Total Single zoledronate 6-monthly zoledronate

Osteogenesis imperfecta 211
Yes 0 (0) 0 (0) 0 (0)

Untreated hyperthyroidism or hypogonadism N (%) 211
Yes 1 (0.5) 0 (0) 1 (0.9)

Premature menopause (<45 years) N (%) 211
Yes 6 (2.8) 4 (3.8) 2 (1.9)

Chronic malnutrition or malabsorption N (%) 211
Yes 1 (0.5) 1 (0.9) 0 (0)

Chronic liver disease N (%) 211
Yes 3 (1.4) 2 (1.9) 1 (0.9)

Alcohol (�3units/day) 210
Yes 7 (3.3) 4 (3.8) 3 (2.9)
No 103 (96.7) 101 (95.3) 102 (97.1)

FRAX score with BMD N, % 27/206 11 (10.7) 16 (15.5)
10-year risk of a hip fracture (�3%) 3 (1.4) 1 (1.0) 2 (1.9)
10-year risk of another major osteoporotic fracture (� 20%) 2 (1.0) 0 (0) 2 (1.9)
FRAX score without BMD N, % 179/206 92 (89.3) 87 (84.5)
10-year risk of a hip fracture (�3%) 22 (10.7) 12 (11.6) 10 (9.7)
10-year risk of another major osteoporotic fracture (�20%) 10 (4.8) 5 (4.8) 5 (4.8)
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4. Discussion

In view of their effects on reducing bone loss and improving
disease-free survival bone-targeting agents are widely recom-
mended for postmenopausal (including premenopausal women
treated with ovarian suppression) patients with EBC [3,4,6,8,23–
25]. Despite these recommendations, questions remain around
the optimal choice of agent, its route of administration, dose and
dosing schedule [26]. Indeed, the CCO and ASCO Practice Guideline,
‘bottom line recommendations’ specifically states, ‘‘More research
is recommended comparing different bone-modifying agents,
doses, dosing intervals, and durations” [4].

Identifying the optimal agent, dosing interval and duration to
evaluate is challenging for a number of reasons. First is the rela-
tively low event rate of both fragility fractures and bone recur-
rences, and as such, the study would require a large sample size
of over 5000 patients and years of follow up [7,8,23]. In addition,
for zoledronate, different trials have used different durations. The
ZO-FAST trial, evaluated zoledronate 4 mg every 6 months for
5 years [8]. The AZURE trial used zoledronate for 5 years (initially
monthly to every 3 and 6 months) [7] while the ABCSG-12 trial
evaluated zoledronate every 6 months for 3 years with concurrent
goserelin in pre-menopausal breast cancer patients [9]. Despite dif-
ferent number of zoledronate doses at 4 mg with 11 doses in ZO-
FAST, 19 doses in AZURE and 7 doses in ABCSG-12 the hazard ratio
for disease-free interval was similar between 0.66 and 0.77 in
these trials [7–9]. Recently the data from the SUCCESS trial was
presented comparing 2 years of adjuvant zoledronate with 5 years
of therapy [27]. The additional 3 years made no difference in the
primary endpoint of bone metastasis free survival. The extra
3 years was however associated with a significantly higher inci-
dence of renal toxicity and osteonecrosis of the jaw [28].

For all these reasons, we decided to perform a feasibility study
to explore whether a definitive study was possible. In the current
study we met all of our predefined feasibility endpoints and will
now start the challenging journey of trying to find funding for such
a definitive efficacy trial.

Clearly there are limitations with the current study. These
include whether or not a single dose of zoledronate is enough.
Indeed, of 287 patients who were approached about the study 51
declined study participation. While we could not collect individual
patient reasons for declining, it was apparent that patients either
wanted no zoledronate at all or did not want to be randomised
to the single dose arm. In addition, there are challenges with per-
forming any large trial in the current funding environment. The
6

COVID-19 pandemic has significantly reduced in-person patient
visits and our study methodology enabled patient assessment
without requiring patients to attend the clinic in person. Such
strategies will be essential for performing large, efficient adjuvant
trials under the current environment [29]. However, as COVID-19
led to sudden restrictions in administration of zoledronate as well
as clinic visits we had to make practical changes and this led to
some patients being randomised after they had received their first
zoledronate treatment. For example, some patients who wanted to
consider study had planned to inform us of their consent at their
next clinic visit, but as these were delayed, but in the mean time
they were scheduled and given their first dose (before being seen
again). In addition, while waiting for study amendment approval
9 patients had their first zoledronate treatment.

Another limitation/observation from the current study is that
while 40 premenopausal and 14 perimenopausal women were
recruited, LHRH analogues were used in only 7 patients. This is
important because the defined population for adjuvant bisphos-
phonates is those patients who are either naturally post-
menopausal or if pre/peri-menopausal they should also be on
concurrent LHRH analogues. Another limitation of the current
study could be the choice of endpoints, however this was a feasibil-
ity trial and different endpoints would be used for a definitive com-
parison trial. These endpoints could include; invasive disease free
survival, bone metastasis-free survival and breast cancer specific
overall survival for example. For this reason, we are currently per-
forming surveys of both patients and health care providers to
assess the optimal study endpoints for such a trial.

In conclusion, we have demonstrated the feasibility of opening
a trial comparing a single injection of adjuvant zoledronate with 6-
monthly treatment. Secondary endpoints results will take several
years to evolve, but in the meantime, we will commence applica-
tions for funding for a larger definitive trial.
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