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Abstract

Background: Adjuvant bisphosphonates, when given in a low-estrogen environment, can decrease breast cancer recurrence
and death. Treatment guidelines include recommendations for adjuvant bisphosphonates in postmenopausal patients.
SWOG/Alliance/Canadian Cancer Trials Group/ECOG-ACRIN/NRG Oncology study S0307 compared the efficacy of three
bisphosphonates in early-stage breast cancer.
Methods: Patients with stage I–III breast cancer were randomly assigned to 3 years of intravenous zoledronic acid, oral
clodronate, or oral ibandronate. The primary endpoint was disease-free survival (DFS) with overall survival as a secondary
outcome. All statistical tests were two-sided.
Results: A total of 6097 patients enrolled. Median age was 52.7 years. Prior to being randomly assigned, 73.2% patients
indicated preference for oral vs intravenous formulation. DFS did not differ across arms in a log-rank test (P¼ .49); 5-year DFS
was 88.3% (zoledronic acid: 95% confidence interval [CI] ¼ 86.9% to 89.6%), 87.6% (clodronate: 95% CI ¼ 86.1% to 88.9%), and
87.4% (ibandronate: 95% CI ¼ 85.6% to 88.9%). Additionally, 5-year overall survival did not differ between arms (log rank
P¼ .50) and was 92.6% (zoledronic acid: 95% CI ¼ 91.4% to 93.6%), 92.4% (clodronate: 95% CI ¼ 91.2% to 93.5%), and 92.9%
(ibandronate: 95% CI ¼ 91.5% to 94.1%). Bone as first site of recurrence did not differ between arms (P¼ .93). Analyses based on
age and tumor subtypes showed no treatment differences. Grade 3/4 toxicity was 8.8% (zoledronic acid), 8.3% (clodronate),
and 10.5% (ibandronate). Osteonecrosis of the jaw was highest for zoledronic acid (1.26%) compared with clodronate (0.36%)
and ibandronate (0.77%).
Conclusions: We found no evidence of differences in efficacy by type of bisphosphonate, either in overall analysis or
subgroups. Despite an increased rate of osteonecrosis of the jaw with zoledronic acid, overall toxicity grade differed little
across arms. Given that patients expressed preference for oral formulation, efforts to make oral agents available in the
United States should be considered.
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Bone is a common site of metastasis in breast cancer and a fre-
quent initial site of distant recurrence (1,2). Circulating breast
cancer cells are attracted to surfaces of bone resorption, where
they harness the bone microenvironment to influence their sur-
vival (3,4). Cancer cells produce cytokines that uncouple the bal-
ance between osteoclasts and osteoblasts, leading to an
increase in bone resorption (5). Resorbing bone releases cyto-
kines promoting survival of malignant cells, establishing the
“vicious cycle” of bone metastases (6).

Bisphosphonates are bone-targeting drugs that bind to sites
of bone resorption and become internalized by osteoclasts,
inhibiting their function. They are rapidly cleared from the cir-
culation but have a half-life in bone that is measurable in years.
Bisphosphonates are effective in treating conditions with exces-
sive bone resorption and osteoclast activity, including osteopo-
rosis. In early-stage breast cancer, bisphosphonates impede
bone mineral density loss associated with aromatase inhibitors
and ovarian suppression (7–10). In bone metastases, bisphosph-
onates reduce skeletal-related events and improve quality of
life (11–14).

There is evidence for possible direct and indirect effects of
bisphosphonates on cancer cells, including immunomodulatory
activity and synergy with anticancer agents (15).
Aminobisphosphonates, distinguished by the addition of a ni-
trogen atom, have been shown to inhibit tumor cell prolifera-
tion, induce apoptosis, and reduce skeletal tumor burden in
models of bone metastasis (16–18).

The oral bisphosphonate clodronate is approved in many
countries (although not in the United States) to treat bone me-
tastases. Ibandronate is approved in Europe in intravenous (IV)
and oral form for bone metastases; however, it is available only
in an osteoporosis-strength in the United States. Zoledronic
acid is widely available as an IV infusion, with dose and interval
dependent on indication.

Bisphosphonates are generally well tolerated, with a rela-
tively low risk of serious adverse effects. Gastrointestinal
side effects are common with oral formulations. IV
bisphosphonates are associated with renal toxicity, electro-
lyte imbalances, and first-infusion acute-phase reactions.
Osteonecrosis of the jaw (ONJ) is an uncommon but serious
complication of bisphosphonates (19). Concerns have been
raised about femur fragility fractures with long-term
bisphosphonate use (20).

Clinical trials have evaluated whether adjuvant bisphospho-
nates can prevent breast cancer metastases. Some reported
improvements in recurrences and deaths, whereas others
showed no benefit (9,10,21–27). Subset analyses led to the hy-
pothesis that adjuvant bisphosphonates may be effective only
in women with a “low estrogen state.” (15) A meta-analysis of
26 randomized adjuvant bisphosphonate trials was performed
by the Early Breast Cancer Collaborative Trialists’ Collaborative
Group (EBCTCG) (28). In a preplanned subgroup analysis,
bisphosphonate use in postmenopausal women was associated
with a 28% reduction in bone metastasis and an 18% reduction
in breast cancer deaths. The meta-analysis did not find statisti-
cally significant differences between agents, dose, or frequency
of dosing, although no trial directly compared agents, doses, or
schedules. The meta-analysis concluded that in a low-estrogen
environment, adjuvant bisphosphonates decrease breast cancer
recurrences and deaths.

SWOG S0307 was designed to compare three bisphosphonates
in early-stage breast cancer. The nonaminobisphosphonate
clodronate served as a reference control against which two ami-
nobisphosphonates, zoledronic acid and ibandronate, were

compared. S0307 hypothesized that aminobisphosphonates
might more effectively prevent metastases compared with
clodronate.

Methods

Patients

S0307 (ClinicalTrials.gov identifier: NCT00127205) enrolled fe-
male patients with pathologic stage I–III breast cancer following
surgery (29). Patients were recruited from sites across the
National Clinical Trials Network. Patients must have received,
or have been planning to receive, systemic adjuvant therapy.
Neoadjuvant therapy was permitted if enrolled after surgery.
Radiation therapy was allowed at any time. Patients with previ-
ous bisphosphonate treatment for bone density were eligible if
discontinued at registration. Other requirements were age
18 years and older, SWOG Performance Status 0–2, adequate lo-
cal therapy, serum creatinine no more than 2 Institutional
Upper Limit of Normal and calculated creatinine clearance no
less than 30 ml/min, dental examination within 6 months of
study initiation, and negative pregnancy test in women with re-
productive potential. Patients with renal failure or history of
prior malignancy (other than specified in situ cancers or other
cancers from which they were disease free for � 5 years) were
excluded from participation. The protocol was approved by the
National Cancer Institute (NCI) Central Institutional Review
Board and institutional review boards of participating institu-
tions. Patients provided written informed consent for participa-
tion, and patient safety was monitored by an independent data
safety monitoring committee.

Study Procedures

The study was an open-label randomized design with equal
probability of receiving one of three bisphosphonate treatments
for 3 years: (arm 1: ZA) intravenous zoledronic acid (monthly for
6 months, then every 3 months); (arm 2: CLOD) oral clodronate
(1600 mg daily); or (arm 3: IBAN) oral ibandronate (50 mg daily).
Standard dosing of zoledronic acid was 4 mg, with graduated re-
duction to 3 mg for renal impairment. Patients were instructed
to take supplemental calcium and vitamin D.

Random assignments were generated by computer when a
patient was enrolled by the treating clinic using the Oncology
Patient Enrollment Network system maintained by NCI.
Stratification factors were not used at randomization because of
the large size of the trial.

Toxicity was graded according to Common Terminology
Criteria for Adverse Events (version 4.0). If grade 3 or higher tox-
icity occurred that was due to bisphosphonate, treatment was
held until toxicity resolved. Protocol treatment could be held for
any reason up to 3 months. If treatment was held more than
3 months, the patient was removed from protocol therapy, but
followed for outcomes. The 3-year treatment window was not
extended if treatment was held.

Baseline dental examination was required prior to or concur-
rent with treatment initiation. If anticipating oral surgery, the
patient was discouraged from enrolling in the trial. Information
from patients experiencing symptoms consistent with ONJ was
collected and reviewed by an oral medicine expert. On-
treatment data collection forms specifically queried whether
ONJ, fracture, or renal toxicity had occurred during the reporting
period.
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Statistical Methods

The original accrual goal was 6000 patients over 4 years.
Because of slow early accrual, NCI policy mandated a reassess-
ment, which changed the goal to 4500 patients. Then because of
a rapid increase in accrual leading to shorter follow-up, the ac-
crual goal was changed for the final time to 5400 patients dis-
tributed as follows: 2000 zoledronic acid, 2000 clodronate, and
1400 ibandronate. After the trial began, plans to market ibandr-
onate in North America at the dose used in this trial were aban-
doned, so accrual was concentrated in the remaining two arms
for the remainder of the trial. Nonetheless, ibandronate
remained of interest because it might provide a highly active
oral agent. The final accrual of 5400 was to occur over 4 years
with an additional 5 years of follow-up planned before final
analysis. All patients continue to be followed for 10 years from
random assignment.

The primary outcome was disease-free survival (DFS), de-
fined as time from registration to first occurrence of disease re-
currence (local, regional, distant), new breast primary, or death
from any cause. A secondary outcome was overall survival (OS),
defined as time from registration to death from any cause.
Patients not experiencing DFS or OS events were censored at
date of last contact. Cumulative incidence of first recurrence to
bone was computed with censoring at time of other recurrence
or at last contact if no recurrence. For the purpose of this publi-
cation, follow-up for survival was locked on August 11, 2017.

The study was powered to find a statistically significant dif-
ference among the three arms at two-sided a¼ .05. This as-
sumed that the worst treatment would have a 5-year DFS of
80% and that the best treatment compared to the worst treat-
ment would have a hazard ratio (HR) of 0.80. Power to detect a
difference among the three arms varied from 86% to 93%
depending on DFS in the middle arm. Annual interim analyses
began when 31% of the 1314 expected events had occurred.
P values for the interim analyses were based on the Lan-DeMets
spending function. Survival analysis methods include Kaplan-
Meier plots, log-rank tests, and Cox regression analyses. The
proportional hazards assumption was not tested formally here
because the Kaplan-Meier curves show no separation among
the curves at any time point, thus the assumption is satisfied
graphically—difference among treatments does not depend on
the time frame.

A post hoc landmarked log-rank test analysis was conducted
among patients who did not have any DFS event by 3 years and
remained on study. Women were classified as completers if
they completed all 3 years of bisphosphonate therapy, and non-
completers if they did not. DFS (starting at 3 years) was com-
pared across treatment arms and whether the women had
completed therapy or not.

Results

Patient Characteristics

A total of 6097 patients were randomly assigned from January
2006 to February 2010 (CONSORT [Consolidated Standards of
Reporting Trials] diagram, Figure 1). Random assignments to
ibandronate stopped in August 2009. The trial overenrolled be-
cause 731 patients were enrolled in the last month of the trial,
after the closure date was announced.

Table 1 shows that patient and tumor characteristics were
balanced across treatment arms. Median age was 52.7 years.

Most (78.5%) tumors were hormone receptor (HR) positive
(estrogen receptor [ER] or progesterone receptor [PR] positive),
18.8% were HER2 positive and/or equivocal, 15.8% were triple
negative (ER/PR/HER2 negative), and 49.0% were node positive.
Chemotherapy was used or planned in 79.6% of women en-
rolled, and endocrine therapy was used or planned in 75.2%.

Treatment Completion

The percentage of patients completing 3 years of therapy was
60% overall, with only small differences by therapy: zoledronic
acid (63.2%), clodronate (57.1%), and ibandronate (60.8%) (see
Table 4). For those stating incompletion was due to toxicity or
serious adverse events, the overall percentage was 14.5%, lower
in the zoledronic acid arm (10.0%) vs 17.0% and 17.2% for the
two oral agents. Prior to random assignment, most women indi-
cated preference for oral bisphosphonates (73.3%) vs IV
bisphosphonates (23.2%), with 3.6% unknown.

Outcome

The fourth interim analysis was conducted in September 2014,
with 56% of 1314 expected events. DFS did not differ across the
three arms in a log-rank test (P¼ .71) (data not shown). All arms
had 5-year DFS between 87% and 88%, although the expectation
at the start of the trial was an 80% 5-year DFS rate for at least
one arm. The data safety monitoring committee concluded that
there was no chance of a statistically significant difference be-
tween arms and recommended early reporting of trial outcomes
(30).

Since then, we have extended follow-up of DFS and OS and
assessed site of first recurrence. A total of 984 DFS events have
been observed (Figure 2). The overall log-rank test shows no dif-
ference among the arms (log-rank P¼ .49), with 5-year event
rates overall 87.8% (95% confidence interval [CI] ¼ 86.9% to
88.7%): zoledronic acid 88.3% (95% CI ¼ 86.9% to 89.6%), clodro-
nate 87.6% (95% CI ¼ 86.1% to 88.9%), and ibandronate 87.4%
(95% CI ¼ 85.6% to 88.9%). A univariate Cox model also showed
no statistically significant differences among the arms (P¼ .49),
yielding the following pairwise hazard ratios: clodronate vs
zoledronic acid (HR ¼ 1.09, 95% CI ¼ 0.94 to 1.26), ibandronate vs
zoledronic acid (HR ¼ 1.06, 95% CI ¼ 0.90 to 1.24). There was no
statistically significant difference between bisphosphonate
agents by ER, PR or HER2 status, breast cancer subtype, age,
stage, nodal status, or systemic treatment (Table 2, Figure 3).

A total of 683 deaths have been observed with no difference
in survival rates by treatment (log-rank P¼ .50) (Figure 2). Five-
year OS is 92.6% (95% CI ¼ 91.9% to 93.3%) overall: zoledronic
acid 92.6% (95% CI ¼ 91.4% to 93.6%), clodronate 92.4% (95% CI ¼
91.2% to 93.5%), and ibandronate 92.9% (95% CI ¼ 91.5% to
94.1%).

In a landmarked analysis beginning at 3 years, there was no
difference in DFS among the three treatment arms for those
who completed therapy (P¼ .43) or those who did not (P¼ .38)
using log-rank testing. However, completers of all 3 years of
bisphosphonate therapy were less likely than noncompleters to
have a DFS event after 3 years (HR ¼ 0.68, 95% CI ¼ 0.56 to 0.81;
P< .001) adjusting for treatment.

Sites of first recurrence are shown in Table 3 by treatment
arm. No difference in bone recurrence was observed among the
arms (log-rank P¼ .93), with 52.5% of distant recurrences involv-
ing bone and 27.0% bone only.

A
R

T
IC

LE

700 | JNCI J Natl Cancer Inst, 2020, Vol. 112, No. 7

Deleted Text: , 
Deleted Text: four 
Deleted Text: Due to
Deleted Text: , 
Deleted Text: due to
Deleted Text: , 
Deleted Text: , 
Deleted Text: , 
Deleted Text: , 
Deleted Text: since 
Deleted Text: , 
Deleted Text: four 
Deleted Text: five
Deleted Text: , 
Deleted Text: -
Deleted Text: since 
Deleted Text:  &hx2013; 
Deleted Text: -
Deleted Text: they 
Deleted Text: , 
Deleted Text: ized
Deleted Text: ization
Deleted Text: -
Deleted Text: Hormone 
Deleted Text: Receptor 
Deleted Text: Estrogen 
Deleted Text: Receptor 
Deleted Text: (
Deleted Text: )
Deleted Text: (
Deleted Text: )
Deleted Text: Human Epidermal Growth Factor Receptor 2 (
Deleted Text: )
Deleted Text: c
Deleted Text: three 
Deleted Text: .
Deleted Text:  (SAE)
Deleted Text: versus 
Deleted Text: versus 
Deleted Text: , 
Deleted Text: <italic>p</italic>
Deleted Text: &hx2013;
Deleted Text: DSMC 
Deleted Text: Log 
Deleted Text: <italic>p</italic>
Deleted Text: &hx0025;&hx2013;
Deleted Text: &hx2013;
Deleted Text: &hx2013;
Deleted Text: &hx2013;
Deleted Text: <italic>p</italic>
Deleted Text: &hx003D; 
Deleted Text: (
Deleted Text: &hx2013;
Deleted Text: .
Deleted Text: (
Deleted Text: <italic>p</italic>
Deleted Text: &hx2013;
Deleted Text: &hx2013;
Deleted Text: &hx2013;
Deleted Text: &hx2013;
Deleted Text: <italic>p</italic>
Deleted Text: <italic>p</italic>
Deleted Text: three 
Deleted Text: -
Deleted Text: ;
Deleted Text: &hx2013;
Deleted Text: <italic>p</italic>
Deleted Text: <italic>p</italic>


Figure 1. CONSORT diagram for SWOG trial S0307. Random assignment was to three arms from January 2006 to August 2009. Pharmaceutical support for arm 3 ended

early because of business decisions so random assignment was only to arms 1 and 2 during September 2009 to February 2010. Of the patients, 73 were ineligible after

review of clinical characteristics recorded prior to random assignment. Another 6 patients withdrew their consent for inclusion of any data. A total of 6018 of the 6097

randomly assigned patients (98.7%) were included in the analysis. CONSORT ¼ Consolidated Standards of Reporting Trials; IV ¼ intravenous; PO ¼ orally.

Table 1. Baseline characteristics for all treatment arms*

Baseline characteristics Arm 1: ZA Arm 2: CLOD Arm 3: IBAN Total

Randomly assigned 2262 2268 1567 6097
Ineligible/withdrew consent 31 33 15 79
Analyzed 2231 2235 1552 6018
Age, y

Median (range) 53.0 (24.8–85.7) 52.6 (21.2–86.1) 52.7 (26.1–85.8) 52.7 (21.2–86.1)
<55, No. (%) 1270 (56.9) 1304 (58.3) 894 (57.6) 3468 (57.6)
�55, No. (%) 961 (43.1) 931 (41.7) 658 (42.4) 2550 (42.4)

Nodal status (n ¼ 41 unknown), No. (%)
Negative 1089 (48.8) 1152 (51.5) 784 (50.5) 3025 (50.3)
1–3 722 (32.4) 685 (30.6) 489 (31.5) 1896 (31.5)
�4 404 (18.1) 385 (17.2) 267 (17.2) 1056 (17.5)

ER/PR (n ¼ 7 unknown), No. (%)
Negative, ER�, PR� 480 (21.5) 487 (21.8) 319 (20.6) 1286 (21.4)
Positive, ERþ or PRþ 1747 (78.3) 1747 (78.2) 1231 (79.3) 4725 (78.5)

HER2 status (n ¼ 65 unknown), No. (%)
HER2 negative 1787 (80.1) 1786 (79.9) 1247 (80.3) 4820 (80.1)
HER2 positive/equivocal 418 (18.7) 427 (19.1) 288 (18.6) 1133 (18.8)

Breast disease subtype (n ¼ 65 unknown)
ERþ or PRþ, HER2� 1437 (64.4) 1419 (63.5) 1015 (65.4) 3871 (64.3)
ERþ or PRþ, HER2þ 292 (13.1) 312 (14.0) 205 (13.2) 809 (13.4)
ER/PR�, HER2�, triple negative 350 (15.7) 367 (16.4) 232 (14.9) 949 (15.8)
ER/PR-, HER2þ 126 (5.6) 115 (5.1) 83 (5.3) 324 (5.4)

Stage (n ¼ 142 unknown), No. (%)
Stage I 721 (32.3) 770 (34.5) 509 (32.8) 2000 (33.2)
Stage II 992 (44.5) 954 (42.7) 694 (44.7) 2640 (43.9)
Stage III 472 (21.2) 460 (20.6) 304 (19.6) 1236 (20.5)

Chemotherapy (n ¼ 10 unknown), No. (%)
Not given or planned 446 (20.0) 454 (20.3) 319 (20.6) 1219 (20.3)
Given or planned 1779 (79.7) 1778 (79.6) 1232 (79.3) 4789 (79.6)

Hormonal therapy (n ¼ 48 unknown), No. (%)
Not given or planned 542 (24.3) 535 (23.9) 367 (23.6) 1444 (24.0)
Given or planned 1670 (74.9) 1686 (75.4) 1170 (75.4) 4526 (75.2)

*CLOD ¼ clodronate; ER ¼ estrogen receptors; IBAN ¼ ibandronate; PR ¼ progesterone receptors; ZA ¼ zoledronic acid.
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Toxicity

Table 4 shows selected toxicity. Slightly more patients had
grades 3 or 4 events with ibandronate (10.5%) than zoledronic
acid (8.8%) or clodronate (8.3%). There were no grade 5 toxicities.
The predominant toxicity in all arms was pain, with grades 3 or
4 rates for ibandronate (4.8%), zoledronic acid (4.3%), and lowest
for clodronate (2.7%). The oral agents had higher rates of gastro-
intestinal toxicity compared with zoledronic acid. Electrolyte

imbalances and renal toxicity were low. Rates of ONJ were high-
est for zoledronic acid (1.26%), then ibandronate (0.77%), fol-
lowed by clodronate (0.36%), which was statistically significant
(exact Fisher P¼ .003). Fracture rates were higher for clodronate
(9.3%) compared with ibandronate (7.4%) and zoledronic acid
(7.1%) (exact Fisher P¼ .02), with differences mostly in the spine.
Traumatic fracture differences were not statistically significant
(clodronate 2.0%, zoledronic acid 1.9%, ibandronate 1.7%; exact
Fisher P¼ .83).

A B

Figure 2. Kaplan-Meier estimates of disease-free survival (DFS) and overall survival (OS) in the adjuvant breast cancer trial S0307 by randomized treatment arms. A)

DFS and (B) OS are shown among three arms: (1) zoledronic acid (black), (2) clodronate (blue), and (3) ibandronate (red). Numbers at risk at the beginning of each 2-year

period are shown along the bottom by the treatment arm.

Table 2. Five-year disease-free survival by treatment group and overall for baseline factors*

Subgroup ZA, % CLOD, % IBAN, % Overall, % P for treatment†

Overall 88.3 87.6 87.4 87.8 .49
Age, y
<55 88.3 86.7 86.7 87.3 .71
�55 88.4 88.9 88.2 88.5 .66

Nodal status
Negative 92.8 92.7 92.1 92.6 .50
1–3 88.7 88.9 88.7 88.8 .98
�4 75.9 70.3 72.0 72.8 .25

Breast disease subtype
ERþ or PRþ, HER2- 90.5 90.0 89.0 89.9 .32
ERþ or PRþ, HER2þ 88.3 91.2 89.9 89.8 .59
ER/PR-, HER2- (triple negative) 79.6 76.7 79.2 78.4 .73
ER/PR-, HER2þ 87.1 83.5 85.1 85.3 .72

HER2 status
HER2 negative 88.4 87.2 87.2 87.6 .32
HER2 positive or equivocal 88.0 89.2 88.5 88.5 .78

ER/PR status
Negative 81.8 78.5 80.7 80.3 .48
Positive 90.2 90.2 89.1 89.9 .65

Stage
Stage I 94.7 95.0 94.0 94.6 .43
Stage II 89.2 88.5 89.0 88.9 .82
Stage III 76.7 73.3 72.6 74.4 .45

Chemotherapy
Not given or planned 93.8 95.3 94.7 94.6 .31
Given or planned 87.0 85.7 85.5 86.1 .72

Hormonal therapy
Not given or planned 83.6 79.2 82.1 81.6 .39
Given or planned 89.9 90.5 89.1 89.9 .81

*CLOD ¼ clodronate; ER ¼ estrogen receptors; IBAN ¼ ibandronate; PR ¼ progesterone receptors; ZA ¼ zoledronic acid.

†Two-sided log-rank test was used to calculate P values.
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Discussion

S0307 showed no statistically significant difference in effi-
cacy by type of bisphosphonate, including subgroups defined
by age and tumor subtype. The 87.8% 5-year DFS far exceeded
the original assumption that at least one arm would have a
5-year DFS of 80%, thus power was lower than planned.

HR-positive subtypes had 89.9% overall 5-year DFS, irrespec-
tive of HER2 status, whereas HER2þ and HR� and triple-nega-
tive subtypes had lower 5-year DFS rates (85.3% and 78.4%,
respectively). Despite use of bisphosphonates in all arms, a
high number of patients with distant recurrence had bone in-
volvement (52.5%).

E F

DC

A B

Figure 3. Kaplan-Meier estimates of disease-free survival (DFS) by randomized treatment arms in subgroups of SWOG trial S0307. DFS among three arms in subgroups

of patients by different disease type and age are shown in (A) ERþ or PRþ; HER2� subgroup, (B) ERþ or PRþ; HER2þ subgroup, (C) ER� and PR�; HER2� subgroup,

(D) ER� and PR�; HER2þ subgroup, (E) age < 55 years subgroup, (F) age � 55 years subgroup. Numbers at risk at the beginning of each 2-year period are shown along

the bottom by the treatment arm.
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There was no difference in efficacy by type of bisphospho-
nate in those 55 years or older or younger than 55 years.
Although evidence supports a low-estrogen state as essential
for adjuvant bisphosphonate benefit, S0307 was unable to show
a difference between agents even in patients 55 years and older.

Toxicity was low and similar across arms. There was greater
gastrointestinal toxicity with oral bisphosphonates and higher
reported pain with zoledronic acid and ibandronate. ONJ was
greatest with zoledronic acid and lowest with clodronate, which
was a statistically significant finding, although rates were low.

Fractures were slightly higher in the clodronate arm. Prior stud-
ies have shown that bisphosphonates and Receptor activator of
nuclear factor kappa-b (RANK) ligand inhibitors decrease frac-
ture rates in breast cancer patients receiving adjuvant systemic
therapy (8–10,26,31) .Treatment adherence was moderate, with
60.3% of patients completing all 3 years of therapy. Adherence
did not appear to differ across treatments, but direct compari-
son is complicated by the fact that IV zoledronic acid adherence
can be directly measured, whereas the oral agents may not al-
ways be taken as prescribed.

Table 3. Site of first recurrence*

Category Arm 1: ZA Arm 2: CLOD Arm 3: IBAN Total No. (%)

Total No. of analyzable patients 2231 2235 1552 6018 (100.0)
Number of patients with a DFS event 345 376 263 984 (16.3)
Number of patients who died without recurrence 59 81 54 194 (3.2)
Number of patients with recurrence 286 295 209 790 (13.1)
Local/Regional only, No. 41 55 36 132

% of recurrences 14.3 18.6 17.2 16.7
% of all patients 1.8 2.5 2.3 2.2

Contralateral only, No. 17 18 17 52
% of recurrences 5.9 6.1 8.1 6.6
% of all patients 0.8 0.8 1.1 0.9

Distant recurrence, No. 218 207 146 571
% of recurrences 76.2 70.2 69.9 72.3
% of all patients 9.8 9.3 9.4 9.5

Unknown location of recurrence, No. (% of recurrences) 10 (3.5) 15 (5.1) 10 (4.8) 35 (4.4)
Bone as first site of distant recurrence, No. 110 108 82 300

% of all recurrences 38.5 36.6 39.2 38.0
% of all distant recurrences 50.5 52.2 56.2 52.5
Bone only, No. (% of distant recurrences) 62 (28.4) 48 (23.2) 44 (30.1) 154 (27.0)
Bone and nodes only, No. (% of distant recurrences) 2 (0.9) 2 (1.0) 2 (1.4) 6 (1.0)
Bone and other distant sites, beside nodes, No. (% of distant recurrences) 46 (21.1) 58 (28.0) 36 (24.7) 140 (24.5)

Liver/lung/other visceral without bone as first site of
distant recurrence, No. (% of distant recurrences)

57 (26.1) 67 (32.4) 40 (27.4) 165 (28.9)

Brain/other CNS , 6 any other site, No. (% of distant recurrences) 31 (14.2) 24 (11.6) 22 (15.1) 78 (13.7)

*CLOD ¼ clodronate; CNS ¼ central nervous system; DFS ¼ disease-free survival; IBAN ¼ ibandronate; ZA ¼ zoledronic acid.

Table 4. Selected toxicities (Common Terminology Criteria for Adverse Events v. 4), fractures, osteonecrosis, and treatment discontinuation by
treatment arm*

Adverse event

ZA (n¼ 2124) CLOD (n¼ 2185) IBAN (n¼ 1527)

Grade Grade Grade

3 4 3 4 3 4

All grade 3, 4 adverse events (%) 178 (8.4) 9 (0.4) 171 (7.8) 10 (0.5) 154 (10.1) 6 (0.4)
Constitutional symptoms, No. 13 1 17 0 8 0
Gastrointestinal, No. 10 0 51 0 34 0
Metabolic/Laboratory, No. 27 2 18 4 18 1

Creatinine 2 0 1 0 3 1
Hypocalcemia 1 2 1 1 1 0

Musculoskeletal/Soft tissue, No. 11 0 8 0 8 1
Pain, No. 90 3 60 0 70 3
Renal/Genitourinary, No. 3 0 2 0 7 0
No. of patients with fractures (% of all patients) 159 (7.1) 207 (9.3) 115 (7.4)
No. of patients with traumatic fractures (% of all patients) 42 (1.9) 45 (2.0) 27 (1.7)
No. of patients with osteonecrosis (% of all patients) 28 (1.26) 8 (0.36) 12 (0.77)
Off treatment because of AEs/side effects (%) 224/2231 (10.0) 381/2235 (17.0) 267/1552 (17.2)
Completed all therapy (%) 1410/2231 (63.2) 1276/2235 (57.1) 943/1552 (60.8)

*AEs ¼ adverse events; CLOD ¼ clodronate; DFS ¼ disease-free survival; IBAN ¼ ibandronate; ZA ¼ zoledronic acid.
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Because S0307 showed a lack of evidence for efficacy differ-
ence between bisphosphonates and had no placebo or no-
treatment arm, this trial does not allow assessment of the
degree of benefit bisphosphonates offer, if any, in early-stage
breast cancer. The finding that completers of all assigned ther-
apy had improved DFS relative to noncompleters at 3 years sug-
gests indirectly a possible benefit to continuing therapy,
although a direct comparison to a control arm would be prefera-
ble. In its early development, S0307 did have a no-treatment
control arm, but with reporting of a positive adjuvant clodro-
nate trial prior to activation and availability of newer aminobi-
sphosphonates, it was decided that clodronate would serve as
the baseline (23). We hypothesized that the nitrogen-containing
bisphosphonates might add benefit beyond clodronate.
Alternatively, greater possible toxicity with these agents might
have resulted in early termination of treatment leading to
poorer DFS, so our design allowed for this possibility as well.

The EBCTCG meta-analysis led to the inclusion of
bisphosphonates as adjuvant therapy for postmenopausal
patients in recent guidelines (32–35). The Cancer Care Ontario/
American Society of Clinical Oncology clinical practice guideline
advises consideration be given to zoledronic acid 4 mg IV every
6 months or clodronate 1600 mg orally daily as adjuvant therapy
for postmenopausal breast cancer patients (31). S0307, the only
trial that directly compares bisphosphonate agents in the adju-
vant breast cancer setting, provides reassurance that clodronate
is not inferior to zoledronic acid or ibandronate.

S0307 did not test the less-intensive 6-monthly dosing inter-
val of zoledronic acid included in recent guidelines. The S0307
dosing schedule for zoledronic acid was an intensified, modified
“bone metastasis” treatment dose starting with monthly dosing.
In metastatic breast cancer, a less intensified every 12-week
dosing interval has recently been shown to be similar in reduc-
ing skeletal-related events to dosing every 4 weeks (36–38).
Although the optimal adjuvant zoledronic acid dosing interval
has not been defined, monthly dosing regimens such as given
in S0307 are not currently supported.

The majority of patients on S0307 indicated a preference for
oral bisphosphonate formulations. IV zoledronic acid is ap-
proved as a 4 mg dose in treating bone metastases and as a 5 mg
dose for managing low bone mass in the United States and else-
where, but is not Food and Drug Administration–labeled as an
adjuvant breast cancer therapy. Clodronate, readily available
outside the United States, is not available in the United States in
any form. Ibandronate is not available in the United States at
the dose used in S0307. Given that oral bisphosphonates are
preferred by patients, efforts to make them available in the
United States should be considered.

The optimal duration of adjuvant bisphosphonates in early-
stage breast cancer is unknown. S0307 chose 3 years of treatment,
and trials included in the EBCTCG meta-analysis ranged from 2 to 5
years’ duration (28). The recently reported SUCCESS A trial com-
pared 5 vs 2 years of zoledronic acid, with no difference between
the two durations at early follow-up (39). Clinical practice guidelines
do not define an optimal duration of adjuvant bisphosphonates.

Whether RANK ligand inhibitors can be substituted for
bisphosphonates in the adjuvant breast cancer setting is un-
known. Two recent studies evaluated denosumab in early-stage
breast cancer with conflicting results (40,41). The Cancer Care
Ontario/American Society of Clinical Oncology guideline states
that data for adjuvant denosumab look promising but are cur-
rently insufficient to make any recommendation (32).

The majority of women diagnosed with early-stage breast
cancer will be cured, but the risk of distant recurrence and death

still exists. The low event rate in S0307 is good news for breast
cancer patients. The body of evidence confirms the benefit of
adjuvant bisphosphonates in reducing recurrences and deaths
in early-stage, postmenopausal patients. S0307 provides the
first comparison of three different bisphosphonates, suggesting
no differences in efficacy, minor differences in toxicities, and
low rates of ONJ. The risks associated with adjuvant bisphosph-
onates are small in the context of benefits gained. Research is
needed to determine whether biomarkers, such as MAF, could
allow for selective use of bisphosphonates in those likely to
benefit most, avoiding side effects and cost in patients unlikely
to benefit (42). There is work to be done in optimizing use of ad-
juvant bone-targeting agents, including choice of drug, dose
and dosing interval, duration of therapy, and definition of
patients and tumors deriving most benefit. Nonetheless,
bisphosphonates should be included in the management of
postmenopausal, early-stage breast cancer patients.
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