
Pehr Lind and Davide Mauri
Eidtmann, Adam M. Brufsky, Rebecca Aft, Amye J. Tevaarwerk, Karen Swenson, 
Antonis Valachis, Nikolaos P. Polyzos, Robert E. Coleman, Michael Gnant, Holger

Systematic Review and Meta-Analysis
Adjuvant Therapy With Zoledronic Acid in Patients With Breast Cancer: A

doi: 10.1634/theoncologist.2012-0261 originally published online February 12, 2013
2013, 18:353-361.The Oncologist 

 http://theoncologist.alphamedpress.org/content/18/4/353
located on the World Wide Web at: 

The online version of this article, along with updated information and services, is

 by guest on July 7, 2014
http://theoncologist.alpham

edpress.org/
D

ow
nloaded from

 
 by guest on July 7, 2014

http://theoncologist.alpham
edpress.org/

D
ow

nloaded from
 

http://theoncologist.alphamedpress.org/content/18/4/353
http://theoncologist.alphamedpress.org/
http://theoncologist.alphamedpress.org/


ABSTRACT

Background. The purpose of the study was to estimate the
impact on survival and fracture rates of the use of zole-
dronic acid versus no use (or delayed use) in the adjuvant
treatment of patients with early-stage (stages I–III) breast
cancer.
Materials and Methods.We performed a systematic review
andmeta-analysis of randomized clinical trials. Trials were lo-
cated through PubMed, ISI, Cochrane Library, andmajor can-
cer scientific meeting searches. All trials that randomized
patients with primary breast cancer to undergo adjuvant
treatmentwith zoledronic acid versusnonuse, placebo, or de-
layed use of zoledronic acid as treatment to individuals who
develop osteoporosis were considered eligible. Standard
meta-analytic procedureswereused toanalyze the studyout-
comes.

Results.Fifteenstudieswereconsideredeligibleandwere fur-
ther analyzed. The use of zoledronic acid resulted in a statisti-
cally significant better overall survival outcome (five studies,
6,414 patients; hazard ratio [HR], 0.81; 95% confidence inter-
val [CI], 0.70–0.94). No significant differenceswere found for
the disease-free survival outcome (seven studies, 7,541 pa-
tients;HR,0.86;95%CI,0.70–1.06)or incidenceofbonemetas-
tases(sevenstudies,7,543patients;oddsratio[OR],0.94;95%CI,
0.64–1.37). Treatmentwith zoledronic acid led to a significantly
loweroverall fracture rate (OR, 0.78; 95%CI, 0.63–0.96). Finally,
the rateofosteonecrosis of the jawwas0.52%.
Conclusion. Zoledronic acid as adjuvant therapy inbreast can-
cer patients appears to not only reduce the fracture risk but
also offer a survival benefit over placebo or no treatment. The
Oncologist2013;18:353–361

Implications for Practice: Zoledronic acid appears to have a role in adjuvant therapy in patients with breast cancer because
it reduces the fracture rate and seems to offer survival benefits. The need for additional research is essential to determine
if its effect is enhanced in low-estrogen environments and to reveal the magnitude of interaction between estrogen levels
and zoledronic acid.Meanwhile, in patients with signs of bone loss (osteopenia or osteoporosis) during adjuvant endocrine
therapywhen the initiation of bisphosphonates is indicated, zoledronic acidmight be preferred over other therapies due to
its beneficial effect on survival.

INTRODUCTION

Bisphosphonates are antiresorptive agents that inhibit oste-
oclast function, and they are widely used in the treatment of
benign and malignant bone diseases [1]. Bisphosphonates
haveanestablished role aspreventive and therapeutic agents
for osteoporosis [2] and as preventive therapy against skele-
tal-related events among cancer patients with bonemetasta-

ses, including breast, prostate, and lung malignancies [3].
Recently, a growing body of evidence from preclinical stud-
ies in breast cancermodels suggests that the use of bispho-
sphonates may improve survival outcomes in certain
cancer patients becauseof their documented antitumor ac-
tivity, including prevention of tumor cell adhesion to bone
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[4, 5], induction of tumor cell apoptosis [6], and inhibition
of angiogenesis [7].

Given all the above evidence, itwas hypothesized that the
beneficial effectsofbisphosphonateuse in themetastatic set-
ting (palliative care) could possibly be extended to use in the
adjuvant setting (potentially healthy individuals) for specific
categories of cancer patients. However, in spite of initial
promising results, especially in breast cancer patients, more
recent data seriously question the beneficial effect of bispho-
sphonate use in the adjuvant setting [8, 9]. Indeed, although
bisphosphonates successfully maintained bone mineral den-
sity (BMD) when administered in the adjuvant treatment of
breast cancerpatients [10–13], theirusedidnotappear topos-
itively affect either the frequency of fractures [9] or survival out-
comes [8]. Thus, thecrucialquestion iswhydotheclinicaldata in
the adjuvant setting not conform to the initial preclinical results
and thebenefits observed in themetastatic setting?

From a preclinical model view, the differences existing
among bisphosphonate categoriesmight be an answer to this
question. Zoledronic acid’s unique pharmacologic profile has
beenassociatednotonlywithahigherbindingaffinity tobone
and a higher antiresorptive potential [14, 15] but also with

morepotentantitumoral activity [4, 16], comparedwithother
less potent or non-nitrogen containing bisphosphonates.

Although a previous meta-analysis showed that bisphos-
phonates considered as a single therapeutic intervention did
not lower breast cancer recurrence in the adjuvant setting, a
statistically significant lower risk for breast cancer recurrence
was observed among patients receiving zoledronic acid [8]. Is
theobservedsuperiorefficacyofzoledronicacidoverotherbi-
sphosphonates enough to consider its use as a new standard
of care in the adjuvant treatment of breast cancer patients?

Taking into account the entire above-mentioned body of
evidence, we set out to estimate the impact on survival out-
comes and fracture rates of the use of zoledronic acid, versus
no use, in the adjuvant treatment of patientswith early-stage
(stages I–III) breast cancer. A systematic review of the litera-
ture was performed, and pooled estimates from the cumula-
tive available randomized evidencewere analyzed.

MATERIALS ANDMETHODS

Search Strategy
Two independent investigators searched MEDLINE and the
Cochrane Controlled Trials Register, without language or year
restriction, through December 2011. The following search
strategy was used (early OR adjuvant) AND (breast OR mam-

mary) AND (tumorORmalign*OR carcinom*OR cancer) AND
(bisphosphonates OR zoledronic acid).

In addition, abstract books frommajor scientific meetings
(the American Society of Clinical Oncology Annual Meeting, the
San Antonio Breast Cancer Symposium, and the European Can-
cer Conference) were also hand-searched in duplicate. Discrep-
anciesbetween investigatorswere solved throughdiscussion.

Finally, the reference lists of all eligible studies were also
scrutinized to identify relevant articles missed by the elec-
tronic searches.

Selection Criteria
Only randomized controlled trials in which patients with pri-
mary breast cancerwere allocated to a zoledronic acid or a no
treatment or placebo group in the adjuvant settingwere eligi-
ble.Thiswas irrespectiveof thetypeofstudy (phase IIorphase
III), the study sample size, and the dosage or duration of zole-
dronic acid therapy. Trials inwhich patientswere randomized
to upfront zoledronic acid treatment in the adjuvant setting,
versus the delayed use of zoledronic acid as treatment for in-
dividuals who developed osteoporosis, were also included in
the analysis.

Finally, whenever multiple records were related to the
same study, endpoint data were extracted from the report
with the longest follow-up (largest numberof events) to avoid
duplication of information in themeta-analysis calculations.

Data Extraction
Dataextractionwas conducted independently by twoauthors
(A.V. andN.P.P.). In casesof discrepancy, a third author (D.M.)
wasconsulted. Ifdataontheoutcomewerenotavailable from
a trial, we contacted the primary investigator of the eligible
trial.

From each eligible trial, we extracted the following data
from a prespecified database: author names, journal name
and year of publication, country of origin, inclusive dates of
patient enrollment, and number of centers involved. Addi-
tionally, we recorded the following items for both arms of
each eligible trial: number of patients randomly assigned to
treatment and analyzed per arm, age, menopausal status,
schedule and dosing scheme of zoledronic acid, and any addi-
tional breast cancer treatment given. Primary and secondary
outcome measures, as described below, were recorded.
Study design items such as randomization mode, allocation
concealment, and withdrawal descriptions were further re-
corded.

Risk of Bias and Publication Bias Assessment
Cochrane’s risk of bias tool was used to assess the individual
risk of bias of each study [17]. The criteria used for quality as-
sessment were sequence generation of allocation; allocation
concealment; masking of participants, personnel, and out-
come assessors; incomplete outcome data; selective out-
come reporting; and other sources of bias. Two authors (A.V.,
N.P.P.) independently assessed the risk of bias in each eligible
trial.

Publication bias was assessed with the construction of
contour-enhanced funnel plots.

OutcomeMeasures
The primary outcome of this study was the overall survival
(OS) time difference between the zoledronic acid and control
arms. Secondary outcomes included the disease-free survival

Although bisphosphonates successfully maintained
bone mineral density when administered in the ad-
juvant treatment of breast cancer patients, their
use did not appear to positively affect either the
frequency of fractures or survival outcomes. Thus,
the crucial question is why do the clinical data in the
adjuvant setting not conform to the initial preclinical
results and the benefits observed in the metastatic
setting?
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(DFS) interval, incidence of bone metastasis, disease recur-
rence (locoregional or distant) rate, and overall fracture rate.

Finally, the rate of osteonecrosis of the jaw (ONJ), a well-
documented side effect of zoledronic acid [18], was also re-
corded.

Statistical Analysis
Formeta-analysesof thetime-to-eventoutcomes (OSandDFS
times), themost appropriate statistic is the hazard ratio (HR).
If provided in a trial report, the HR and associated variances
were used directly in the meta-analysis. Alternatively, HRs
were calculated based on other summary statistics (number
of events in each arm, log-rank p value) according to the
datasheet developed by Tierney et al. [19]. HRs and 95% con-
fidence intervals (CIs)were pooled according to the inverse of
variancemethod. An HR�1 favored zoledronic acid use.

Thenumberofevents (bonemetastases, locoregionalme-
tastases, distant metastases, fractures) and the number of
nonevents in the treated and control groups were retrieved
from each primary study and 2 � 2 tables were constructed.
Odds ratios (ORs) of events for treated with respect to non-
treated patients and their 95% CIs were calculated. Studies
with zero events in both groups (treated and nontreated)
were excluded from the analysis.

The�2 test of heterogeneity and the I2 statistic of incon-
sistency were used to assess heterogeneity among studies.
Statistically significant heterogeneity was defined as a �2 p
value�.1 or an I2 statistic�50%. In the absence of hetero-
geneity, pooled estimates of ORs or HRs with their 95% CIs
were calculated using the Mantel-Haenszel method. In the

presence of heterogeneity, the DerSimonian and Laird ran-
dom effects method was used to pool primary study esti-
mates.

Prespecified subgroup analyses were performed for pri-
mary and secondary outcomes based onwhether delayed ad-
ministration of zoledronic acidwas allowed in the control arm
or not. We explored our findings further by two additional
sensitivity analyses. To assess the potential impact of the
quality of studies on outcomes, we performed a sensitivity
analysis with the exclusion of low-quality studies. Further-
more, we conducted a sensitivity analysis by excluding
studies with a shorter length of zoledronic acid administra-
tion (�3 years).

All statistical analyses were performed using the Review
Manager software (version 5.0. The Nordic Cochrane Centre,
The Cochrane Collaboration, Copenhagen, 2008).

RESULTS

Study Selection and Characteristics
The electronic search yielded 505 reports. Of these, 473were
excluded on the basis of the abstract or title, leading to 32 po-
tentially eligible trials. After scrutiny, 13 randomized con-
trolled trials were considered eligible according to the
inclusion criteria, whereas hand searches in major meeting
abstract books resulted in two additional trials. In total, 15 tri-
als [12, 13, 20–32] were considered eligible and further ana-
lyzed (Fig. 1).

Baseline characteristics of the eligible trials are presented
in Table 1. Five studies [21–25, 27] allowed the delayed use of

Figure 1. Flowchart diagramof study selection.
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zoledronic acid in the control group for individualswhodevel-
oped osteoporosis. Eight of the eligible trials [12, 13, 24, 26,
27, 29, 30, 32] were designed to only address the role of zole-
dronic acid in preventing BMD loss. Those studies did not pro-
vide any data regarding survival whereas some reported data
on fractures. Only seven studies [20–23, 25, 28, 31] were
planned to report survival data as either a primary or second-
ary outcome. However, all studies included data onONJ.

In two cases [33, 34], we used data derived from updated
study reports with longer follow-up but presented only at sci-
entificmeetings.

In five studies [12, 13, 21, 30, 32], only pre- or perimeno-
pausal womenwere considered eligible, whereas seven stud-
ies [22–25, 27, 29, 31] includedonly postmenopausalwomen.
Three studies [20, 25, 28] allowed inclusion of both pre- and
postmenopausal women.

PrimaryOutcome: OSDuration
Theprimaryoutcomewasassessed insevenstudies (7,541pa-
tients). However, only five studies (6,414 patients) either re-

ported HRs or provided data that allowed the calculation of
HRs. As shown in Figure 2, zoledronic acid resulted in a statisti-
cally significantbetterOSoutcome(HR,0.81;95%CI,0.70–0.94;
pvalue� .007).Nobetween-studyheterogeneitywasobserved
(Qstatisticpvalue� .63; I2�0%).A subgroupanalysis including
only trialswithanobservationarmas thecomparator (four stud-
ies;5,349patients)showedthattheresultsremainedstatistically
significant (HR, 0.82; 95% CI, 0.70–0.96) (Fig. 2). In addition, a
sensitivity analysis with the exclusion of studies with a shorter
lengthof zoledronic acid administrationdidnot alter the statisti-
cally significantbenefit (HR, 0.81; 95%CI, 0.69–0.94).

SecondaryOutcomes
The number of overall recurrenceswas reported in nine stud-
ies (7,838 patients). However, DFS intervals or data to calcu-
late HRs regarding the DFS interval were provided in seven
studies, with a total of 7,541 patients. The pooled HR for the
DFS outcome did not show a significant advantage for the use
of zoledronic acid versus no use (HR, 0.86; 95% CI, 0.70–1.06;
p value� .15) (Fig. 3). In all but two studies [28, 31], the defi-

Table 1. Characteristics of eligible trials

Study Intervention
Zoledronic acid
administration

Duration
(yrs)

n of
patients

Follow-up
(mos)

n of
recurrences

n of
deaths

AZURE trial (2011) [20] Zoledronic acid 4mg every 4wks� 6� every
3mos� 8� every 6mos� 5

5 1,681 59.3 377 243

Observation 1,678 58.6 375 276

ABCSG-12 trial (2011) [21] Zoledronic acid 4mg every 6mos 3 900 84 98 33

Observation 903 84 132 49

ZO-FAST (2011) [22] Upfront zoledronic acid 4mg every 6mos 5 532 54 34 26

Delayed zoledronic acid 533 54 53 36

Z-FAST trial (2011) [23] Upfront zoledronic acid 4mg every 6mos 5 300 61a 16 7

Delayed zoledronic acid 300 61a 21 4

N03CC trial (2009) [24] Upfront zoledronic acid 4mg every 6mos 5 274 24a NR NR

Delayed zoledronic acid 277 24a

EZO-FAST (2009) [25] Upfront zoledronic acid 4mg every 6mos 5 263 36a 18 9

Delayed zoledronic acid 264 36a 11 2

HOBOE trial (2011) [26] Zoledronic acid 4mg every 6mos 5 154 NR NR NR

Observation 305

Takahashi et al. (2011) [27] Upfront zoledronic acid 4mg every 6mos 5 97 12a 1 NR

Delayed zoledronic acid 97 12a 0

Aft et al. (2010) [28] Zoledronic acid 4mg every 3wks 1 60 61.9 19 14

Observation 59 61.9 18 13

KCSG-BR06–01 trial (2011) [12] Zoledronic acid 4mg every 6mos 1 57 NR NR NR

Observation 59

Hershman et al. (2010) [13] Zoledronic acid 4mg every 3mos 1 50 24a NR NR

Placebo 53 24a

Safra et al. (2011) [29] Zoledronic acid 4mg every 6mos 2 47 41.4 NR NR

Observation 43 41.4

ProBone trial (2011) [30] Zoledronic acid 4mg every 3mos 2 40 NR NR NR

Placebo 41

Leal et al. (2010) [31] Zoledronic acid 4mg every 3mos 1 36 96 5 5

Observation 32 96 5 5

Swenson et al. (2010) [32] Zoledronic acid 4mg every 3mos 15 mos 33 12a NR NR

Physical activity 29 12a

aAnalysis when all patients reached this certain follow-up time.
Abbreviations: ABCSG, Austrian Breast and Colorectal Cancer Study Group; AZURE, Adjuvant Zoledronic Acid to Reduce Recurrence; EZO-FAST,
Zometa/Femar Adjuvant Synergy Trial; HOBOE, Hormonal Adjuvant Treatment Bone Effects; KCSG, Korean Cancer Study Group; NR, not reported;
Z-FAST, Zometa Adjuvant Synergy Trial; ZO-FAST, Zometa–Femara Adjuvant Synergy Trial.
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nition of the DFS time included not only disease recurrences
but also death resulting from any cause.

Furthermore, recurrence rates and incidences of bone
metastases did not differ between the zoledronic acid and
control groups. The OR for locoregional recurrence was 0.81
(95% CI, 0.50–1.30; p value� .38) (six studies; 7422 patients)
for the comparison of zoledronic acid use versus no use. The
OR for distant recurrence was 0.88 (95% CI, 0.70–1.10; p
value � .27) (six studies; 7422 patients) and the OR for bone
metastasiswas 0.94 (95%CI, 0.64–1.37;p value� .74) (seven
studies; 7,543 patients).

Data regarding fractures were available for 11 studies
(8,473patients).Of those, four studieshadzeroevents inboth
arms and were excluded from the analysis. In total, seven
studies (7,967 patients) were included in a meta-analysis of

the fracture rate. Treatment with zoledronic acid led to a sig-
nificantly lower overall fracture rate (OR, 0.78; 95% CI. 0.63–
0.96; p value � .02) (Fig. 4). A sensitivity analysis with the
inclusion of studies with a longer duration of zoledronic acid
administration revealed a comparable lower risk for fracture
(OR, 0.78; 95% CI, 0.63–0.97).

Finally, the cumulative ONJ rate among patients receiving
zoledronic acidwas calculated.Weused the number of patients
who receivedat leastonedoseof zoledronic acidas thedenomi-
nator.ONJoccurred in25of4,774patients (0.52%)whoreceived
zoledronic acidand innoneof thepatients in thecontrol arm.

Risk of Bias and Publication Bias Assessment
We used Cochrane’s risk of bias tool to assess the method-
ological quality of the trials. The assessment was performed

Figure 2. Forest plot for overall survival outcome. Squares represent hazard ratios and size of squares is proportional to the size of the
trials. Error bars represent 95%CIs. For all figures, values�1 indicate that zoledronic acid use has a beneficial effect on outcome.

Abbreviations: ABCSG, AustrianBreast andColorectal Cancer StudyGroup; AZURE, Adjuvant Zoledronic Acid toReduceRecurrence;
CI, confidence interval; SE, standard error; ZO-FAST, Zometa–Femara Adjuvant Synergy Trial.

Figure3. Forest plot for disease-free survival outcome. Squares representhazard ratios and sizeof squares is proportional to the sizeof
the trials. Error bars represent 95%CIs. For all figures, values�1 indicate that zoledronic acid use has a beneficial effect on outcome.

Abbreviations: ABCSG, AustrianBreast andColorectal Cancer StudyGroup; AZURE, Adjuvant Zoledronic Acid toReduceRecurrence;
CI, confidence interval; EZO-FAST, Zometa–Femar Adjuvant Synergy Trial; SE, standard error; Z-FAST, Zometa Adjuvant Synergy Trial;
ZO-FAST, Zometa–Femara Adjuvant Synergy Trial.
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for 13eligible studies [12, 13, 20–24, 26–29, 31, 32] thatwere
published in full text. Among the eligible studies, eight [13,
20–23, 28, 31, 32] reported an adequate randomization
mode, three [20, 21, 28] used an adequatemodeof allocation
concealment,whereas five [21–23, 28] clearly reportedblind-
ing of outcome assessment.

In all meta-analyses, the funnel plots were symmetrical,
indicating that publication biaswas unlikely to have had ama-
jor influence in the analyses (plots not shown).

DISCUSSION
Our meta-analysis provides evidence in favor of zoledronic
acid use in the adjuvant breast cancer setting. Zoledronic acid
notonlyhas aprotectiveeffect for fractures,with a21% lower
risk, it also reduces the risk of death by 19%. Thus, taking into
account this substantial benefit, along with the acceptable
toxicity regarding ONJ, with an incidence rate of 0.52%, it ap-
pears that theuseof zoledronic acid in adjuvant breast cancer
treatment should be considered.

A potential explanation for the beneficial role of zole-
dronic acid should be attributed first of all to its antitumoral
activity from preclinical evidence through preventing tumor
cell adhesion to bone [4, 5], inducing tumor cell apoptosis [6],
inhibiting angiogenesis, and inhibiting interactions with mes-
enchymal stemcells [35]. Inaddition, zoledronicacidhasbeen
shown, in clinical studies, to eliminatemicrometastatic tumor
cells from the bonemarrow, which could lead to a better sur-
vival outcome [28]. It is therefore likely that several of these
zoledronic acid-mediated effects on the metastatic process
couldcombine toproduce theclinicalbenefitsobserved inour
study. However, one may argue that the potential benefit of
zoledronic acid to the natural history of breast cancer is lim-
ited,given thatnodifferences in theDFS timeordisease recur-
rence ratewere observed in ourmeta-analysis.

A potential explanation for this inconsistency could be the
fact that zoledronic acid has a preventative impact on the
overall fracture rateand themortality related to this. Previous
trials have shown that all types of osteoporotic fractures in-
crease the risk of death [36]. Consequently, it is likely that the
significantly lower risk for fracture resulting from zoledronic
acidmightbeextrapolatedasacumulativebeneficialeffecton
the OS rate. This is in total alignment with the results of the
largeAdjuvantZoledronicAcid toReduceRecurrence (AZURE)

trial that demonstrated a lower risk for fracture in patients
treated with zoledronic acid [20] as well as with the results of
other randomized studies [10–13] demonstrating the benefi-
cial effect of zoledronic acid on thepreventionof BMD loss re-
lated to breast cancer therapy.

Akeyquestion,however, iswhydoes zoledronicacidman-
age to improve both the fracture rates and survival rates
whereasotherbisphosphonateshaveshowneither littleorno
benefitatall [8,9]?Thisdiscrepancymightbeattributedtothe
diverse pharmacological profile and the more potent activity

A potential explanation for thebeneficial role of zole-
dronic acid should be attributed first of all to its anti-
tumoral activity from preclinical evidence through
preventing tumor cell adhesion to bone, inducing tu-
morcell apoptosis, inhibitingangiogenesis,and inhib-
iting interactions with mesenchymal stem cells. In
addition, zoledronic acid has been shown, in clinical
studies, to eliminate micrometastatic tumor cells
from the bone marrow, which could lead to a better
survival outcome.

Figure 4. Forest plot for fracture rates. Squares represent odds ratios and size of squares is proportional to the size of the trials. Error
bars represent 95%CIs. For all figures, values�1 indicate that zoledronic acid use has a beneficial effect on outcome.

Abbreviations: ABCSG, AustrianBreast andColorectal Cancer StudyGroup; AZURE, Adjuvant Zoledronic Acid toReduceRecurrence;
CI, confidence interval; EZO-FAST, Zometa–Femar Adjuvant Synergy Trial; Z-FAST, Zometa Adjuvant Synergy Trial; ZO-FAST, Zometa–
Femara Adjuvant Synergy Trial.
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of zoledronic acid [4, 14–16]. The diversity between different
bisphosphonate agents has been proven by several large ran-
domized trials and meta-analyses in patients with metastatic
cancer [37, 38], multiple myeloma [39], and osteoporosis [2].
Therefore, itmaybe likely that thepotencyof thedrugmaybe
a determinant of its success among breast cancer patients. In
addition, zoledronicacidwasshowntohaveamorepotentan-
titumor activity than other bisphosphonates in preclinical
studies [4, 16].

An interesting finding from the largest study on this topic,
the AZURE trial [20], comes from a prespecified subgroup
analysis based on age and menopausal status. Patients who
had undergonemenopause�5 years before their breast can-
cer diagnosis had statistically significant better DFS and OS
outcomes with zoledronic acid than with placebo, whereas
therewas no benefit at all among premenopausal, perimeno-
pausal, or unknown menopausal status patients. These data
are consistent with those from the Zometa–Femara Adjuvant
Synergy Trial [34] and the Austrian Breast and Colorectal Can-
cer StudyGroup 12 trial [33], inwhich significant survival ben-
efits were observed in patients�5 years frommenopause or
�40 years old andwith low estrogen levels resulting from go-
nadotropin-releasing hormone use, respectively. These find-
ings suggest that zoledronic acid might have the greatest
potential for anticancer benefits in a low-estrogen environ-
ment. The underlying mechanism for this observation is un-
clear; nonetheless, it has been suggested that estrogen’s
effects on the bone microenvironment may play a key role in
determining whomay benefit most from adjuvant zoledronic
acid therapy.

Although a subgroup analysis according to menopausal
status could have been of value in our meta-analysis, such
an attempt would be prone to serious biases, mainly be-
cause of heterogeneity in the definition of postmenopausal
status and the fact that themajority of the subgroup analy-
ses were unplanned,making comparisons unreliable. How-
ever, it is essential to outline a potential enhanced effect of
zoledronic acid in patients with a low-estrogen environ-
ment.

These results are in complete contrastwith a recentmeta-
analysis focusing on the same research question [40]. Al-
thoughYanetal. [40] couldnot findany statistically significant
differences in favor of zoledronic acid in their meta-analysis,
this should be attributed to the parameters used in themeth-
odology rather than a lack of efficacy of the drug itself. First,
the inclusion criteria of our meta-analysis were broader, al-
lowing inclusion of all randomized trials irrespective of the
typeofstudy(phase IIorphase III randomizedcontrolledtrial).
Given that the inclusion of all randomized evidence is of
paramount importance to ensure the fundamental
concept and practice that a meta-analysis should be system-
atically inclusive [41], our inclusion criteria yielded 10 more
randomized trials. These additional trials may have contrib-
uted to a divergent outcome. In addition, we point to the in-
clusionofupdateddatawith longer follow-upfromthreetrials
[21–23] and the publication of a new trial in full text [20] as
reasons for the discrepancy between our analysis and that of
Yan et al. [40].

We have to acknowledge, however, that several limita-
tions exist in our meta-analysis. First of all, our analysis is

based on published or presented data and not on individual
patient data. Individual patient data meta-analysis is consid-
eredmore reliable [42]. As a result, an individual patient data
meta-analysis would be of great interest to give a definitive
answer to our questions about the role of zoledronic acid in
adjuvant breast cancer treatment. Second, some of the in-
cludedstudies [21–25,27]weredesignedwithacontrol group
of delayed zoledronic acid. Consequently, a number of pa-
tients in the control group received zoledronic acid during fol-
low-up. Therefore, a potential underestimation of the
effect of zoledronic acid on the outcomes cannot be ex-
cluded. A subgroup analysis with the exclusion of these
studies did not alter the statistically significant results in fa-
vor of zoledronic acid. In addition, most of the studies were
not designed to reveal differences in survival outcomes or
fracture rates; nonetheless, themajor advantageof ameta-
analysis is exactly this ability to increase the statistical
power of the study by increasing the overall sample size.
Furthermore,we cannot overlook the differences in the du-
ration and schedule of zoledronic acid in the different pa-
tient groups (regarding menopausal status and endocrine
treatment), whichmay have resulted in inflated or deflated
outcomes. However, even when including only trials with a
treatment duration �3 years, the benefit in favor of zole-
dronic acid remained statistically significant. Moreover, in
the meta-analysis of the fracture rate, we decided to ex-
clude four trials with zero events in both arms because they
makeno contribution to themagnitudeof the treatment ef-
fect. We have to acknowledge, however, that addressing
this statistical issue is a grey zone, and some researchers
propose the addition of zero event trials in analyses [43]. Fi-
nally, we have to acknowledge that several of the trials
demonstrated an unclear or high risk of bias; although a
previous meta-analysis showed that the inclusion of trials
with a high risk of bias may have resulted in inflated results
[44], trial quality is not always determinant of the final out-
come [45]. Thus, future trials in the field should focus on
more adequate methodological quality reporting.

In conclusion, our meta-analysis summarizes the cur-
rent randomized evidence on the role of zoledronic acid as
an adjuvant therapy for breast cancer patients. Zoledronic
acid not only reduces the fracture risk but also appears to
offer a substantial survival benefit over placebo and over
no treatment. This survival benefit and the lower fracture
risk along with the acceptable drug-specific toxicity create
a positive risk-benefit profile and render zoledronic acid an
attractive option for adjuvant breast cancer therapy. Al-
though our results show a clear benefit of zoledronic acid in
the adjuvant setting, further research is essential to con-
firmour findings andpotentially identify specific subgroups
thatmay experience an evenmore substantial benefit from
the administration of zoledronic acid as an antitumor agent
in the adjuvant setting.
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