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The long-awaited results of the AZURE 
(Adjuvant Zoledronic Acid to Reduce 
Recurrence) trial were recently published.1 In 
this open-label phase III study, 3,360 patients 
with stage II or III breast cancer were ran-
domly assigned to receive standard adjuvant 
systemic therapy (chemotherapy, endocrine 
therapy, immunotherapy, or a combination 
of these therapies) either with or without 
the addition of zoledronic acid. The amino-
bisphosphonate was administered every 3 
to 4 weeks for six doses and then every 3 to 
6 months for a duration of 5 years. Disease-
free survival (DFS) was the primary trial 
end point, and after 59 months of follow up, 
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TARGETED THERAPIES

Adjuvant bisphosphonates—an 
option with low estrogen?
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The AZURE trial data add to the uncertainty of whether adjuvant 
bisphophonates are a valuable addition to the armamentarium in the 
treatment of early stage breast cancer. Although the overall trial results 
were negative, a prespecified subgroup analysis demonstrated a 25% 
reduction in the risk of relapse and death in postmenopausal patients.
Gnant, M. Nat. Rev. Clin. Oncol. 8, 698–699 (2011); published online 8 November 2011;  
doi:10.1038/nrclinonc.2011.170

there was no significant difference between 
the two cohorts in the overall analy sis. 
Interestingly, a prespecified subgroup analy-
sis demonstrated huge and unexpected 
heterogeneity (Χ2 = 7.91; P = 0.005) of the 
treatment effect with respect to the meno-
pausal status of patients: although there was 
no significant difference between patients 
receiving zoledronic acid and those who did 
not in premenopausal and perimenopausal 
women, adjuvant bisphosphonate treat-
ment resulted in notable 5-year DFS benefits 
(71% versus 78.2%; hazard ratio [HR] = 0.75; 
P = 0.02) and 5-year overall survival benefits 
(78.7% versus 84.6%; HR = 0.74; P = 0.04) in 
postmenopausal patients.1

The results from the AZURE trial have 
been misunderstood to be contra dictory to 
the previously published pivotal ABCSG-12 
study2—in fact, they are not. In ABCSG-12, 
adjuvant zoledronic acid (at a considerably 
lower dose intensity and duration than used 
in the AZURE study) was studied in addi-
tion to endocrine therapy in 1,803 premeno-
pausal women, all of whom were rendered 
postmenopausal by ovarian function sup-
pression using the luteinizing hormone-
releasing hormone analog goserelin; the 
trial showed consistent and durable DFS 

benefits and a significant overall survival 
benefit (HR = 0.59; P = 0.04) at 76 months 
of follow up.3 In contrast to the AZURE 
trial, in the ABCSG-12 study there was no 
adjuvant chemotherapy treatment element, 
and ovarian function suppression was not 
used in AZURE. Furthermore, AZURE 
included intermediate-risk and high-risk 
patients (stage II and III) whereas the 
ABCSG-12 trial population was primarily 
lowest risk (70% of the trial population had 
stage I disease).

The common denominator between 
the postmenopausal AZURE subgroup 
and the ABCSG-12 trial population is that 
bisphosphonate treatment apparently only 
leads to outcome benefits in the absence 
of estrogen—this finding suggests that 
both estrogen deprivation and reduction 
of bone-turnover-derived growth factors 
in the bone marrow microenvironment are 
necessary for the suppression of dormant 
micro metastases. When one compares the 
respective risk reductions in the two trials, 
there is a striking similarity (Figure 1).

According to Stephen Paget’s ‘seed and soil’ 
hypothesis,4 this similarity between the study 
results makes sense. If one views the bone 
marrow as a sanctuary for cancer stem cells 
in early stage disease, the ability of cancer 
cells to re-grow and eventually disseminate 
to other body sites—in the absence of bone-
derived growth factors—might be dependent 
on the presence of reproductive hormones.5

There is a huge body of preclinical evi-
dence that shows that bisphosphonates 
can exert anticancer effects by a variety of 
mechan isms,5 and these data have translated 
into clinical benefit in adjuvant (ZO-FAST6) 
and neoadjuvant7 trials in women with 
breast cancer. Furthermore, in a phase II 
trial in women with locally advanced disease, 
zoledronic acid was shown to decrease the 
persis tence and number of disseminated 
tumor cells in the bone marrow.8 Oral 
bisphosphonates have even been demon-
strated to reduce breast cancer prevalence 
in healthy women receiving these drugs for 
osteo porosis treatment.9

With respect to side effects, confirmed 
osteonecrosis of the jaw occurred in 1.1% 
of patients in the AZURE trial who received 
zoledronic acid, which is infrequent but 

Practice points

 ■ Adjuvant bisphophonates should not be 
used in combination with chemotherapy 
in premenopausal and perimenopausal 
patients with breast cancer

 ■ Lack of estrogen seems to be a 
prerequisite for the anticancer benefits of 
antiresorptive drugs in the adjuvant setting

 ■ The bone marrow microenvironment 
remains a promising target for therapeutic 
intervention in early stage malignant 
disease

‘‘A generally well tolerated 
and relatively cheap treatment … 
might never become an accepted 
standard of care’’
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considerably higher than in trials in which 
6-monthly application of the bisphospho-
nate was used, where cases of osteo necrosis 
of the jaw were extremely rare or not seen.2,6 
This observation suggests that the more-
intense schedule should not be used, and 
6-monthly application can be considered 
safe—a conclusion that needs to be remem-
bered while we await the results of the 
ongoing trials with the monoclonal anti-
RANK ligand antibody denosumab, which 
is being tested in large adjuvant phase III 
trials (ABCSG-18 and D-CARE).

In terms of the clinical applicability of the 
putative anticancer effects of antiresorptive 
agents, the clinician is currently left with a 
controversial situation. Despite the large 
body of evidence, there is still no approval 
of adjuvant zoledronic acid in most health-
care environments worldwide, and—for 
drug and patent lifecycle reasons—this 
is unlikely to change. Although current 
guidelines mention the bisphosphonate 
treatment approach, we find ourselves in a 
difficult situ ation. A generally well tolerated 
and relatively cheap treatment for early stage 
breast cancer that has been demonstrated in 
large clinical phase III trials to be effective 
for at least the estrogen-low breast cancer 

population (which comprises three out of 
four of all patients with breast cancer in 
the Western world) might never become an 
accepted standard of care.

Understanding the interactions between 
cancer cells, the bone marrow micro-
environment where the cancer stem cells 
persist in our seemingly cured patients, and 
drug acitivity10 is a most-important topic in 
early stage cancer research. As demonstrated 
by the heterogeneous results of AZURE, 
the balance of suppressing and promoting 
factors might be a delicate one, and the dif-
ference between clinical benefit and harm 
may well be a fine line. The exact interaction 
between bisphosphonate action and repro-
ductive hormones or related factors, such as 
inhibins, needs further elucidation.

For the clinician, the use of adjuvant 
bisphosphonates for now remains gen-
erally indicated for the prevention of 
treatment-induced bone loss and osteo-
porosis only, and—based on the reported 
beneficial effects on disease outcomes in 
postmenopausal and estrogen-suppressed 
patients—may be discussed with patients 
on an individual basis. It should not be con-
sidered in premenopausal patients during 
adjuvant chemotherapy, and should not be 
given more often than every 6 months in the 
postmenopausal setting.

For the researcher, ‘seed and soil’ remains 
an important additional field of future treat-
ment approaches—with the host micro-
environment an equally important target 
in addition to new advances in tumor cell 
surface and pathway research. This hope 
extends well beyond bisphosphonates, and 

might help us cure more patients with early 
stage disease in the future.
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‘‘…the difference between 
clinical benefit and harm may well 
be a fine line’’

Figure 1 | Hazard ratios of DFS in the AZURE 
postmenopausal subgroup and ABCSG-12 
overall trial population.1,2 Abbreviation: DFS, 
disease-free survival.
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