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cancer is uncertain.

Methods: Data from randomized trials of adjuvant bisphosphonates that recruited patients
exclusively after 2000 and reported disease free survival and overall survival was utilized. Five-
year disease-free survival and overall survival in bisphosphonates and control group along with
associated hazard ratios were extracted. Absolute data were weighted by sample size and hazard
ratios were pooled using inverse variance and random effects modelling. Meta-regression
comprising linear regression weighted by sample size (mixed effects) was performed to explore
association between disease and treatment related factors and absolute differences in benefit from
bisphosphonates.

Results: Eleven trials comprising 24023 patients were included in the analysis. For disease free
survival, pooled hazard ratio was 0.89 (0.81-0.97, p = 0.008) with a 1.5 % weighted mean
difference favoring bisphosphonates over control. There was no significant overall survival
benefit (0.92, 0.82-1.03, p = 0.16). Among patients receiving anthracycline and taxane based
chemotherapy, there were no differences in either disease free survival (0.95, 0.80-1.12) or
overall survival (1.04, 0.81-1.32). Meta-regression showed lower benefits in higher risk patients
(node-positive, larger tumor size, estrogen receptor-, grade 3 or those receiving chemotherapy).
Overall, 1 % (95 % CI 0.75-1.15) of patients experienced osteonecrosis of jaw related to zole-
dronic acid.

Conclusions: Compared to the Early Breast Cancer Trialist’s Collaborative Group meta-analysis,
benefit from adjuvant bisphosphonates is lower in recent trials especially in higher risk pa-
tients receiving contemporary chemotherapy. The balance between benefits and risks of adjuvant
bisphosphonates should be considered in individual patients.
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Abbreviations

EBCTCG Early Breast Cancer Trialists Collaborative Group
HR Hazard ratio

ASCO American Society of Clinical Oncology

ESMO  European Society of Medical Oncology

DFS Disease free survival

oS Overall survival

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
ONJ osteonecrosis jaw

1. Introduction

There is increased risk of skeletal complications in patients with early breast cancer including bone loss, fractures and bone
metastasis. Moreover, risk of systemic recurrence outside bone and death from breast cancer remains elevated long after completion of
definitive therapy especially in hormone receptor positive breast cancer [1] Bisphosphonates are bone modifying agents with a strong
pre-clinical rationale for efficacy in prevention of metastatic recurrence [2] Based on the pre-clinical rationale, multiple randomized
trials have tested various bisphosphonates as adjuvant therapy in early breast cancer. Data from these trials was variable and therefore,
a synthesis by the Early Breast Cancer Trialists Collaborative Group (EBCTCG) in which individual patient data were pooled showed a
modest reduction in bone recurrence [hazard ratio (HR) 0.83, p = 0.04] and breast cancer-specific mortality (HR 0.91, p = 0.04). This
benefit was limited to post-menopausal women [3] There was no effect on local recurrence or recurrence outside bone. Inclusion of
older trials with bone density as primary end point, heterogenous definition of menopause, variable chemotherapy exposure especially
modern agents such as taxanes, and non-standardized control arms were some limitations of the studies included in the meta-analysis
[4-8].

In the modern era, breast cancer events are substantially lower than those observed over a decade ago. This likely reflects im-
provements in screening, surgery, more effective chemotherapy (e.g. anthracycline and taxanes) and endocrine therapy (e.g. aro-
matase inhibitors) [9].

International guidelines including American Society of Clinical Oncology (ASCO) and European Society of Medical Oncology
(ESMO) recommend a discussion of adjuvant bisphosphonates in post-menopausal women irrespective of hormone receptor status
with individualised decisions based on risk of recurrence [10,11]. However, concerns have been raised about the uncertain absolute
benefit of these treatments, the practicalities of giving repeat infusions and toxicities, leading to variable uptake [12,13]. At the 2019
St Galen Consensus conference, only 42.6 % of the expert panel reported routine use of adjuvant bisphosphonates in their practise
despite previous strong endorsement for their use. Routine use is even lower across Ontario [14]. In addition, the results of a recent
phase III trial in post-menopausal patients was negative raising questions about efficacy in the current era [15].

Given the variable uptake and the uncertain benefit in the setting of contemporary adjuvant therapy, we performed a meta-analysis
of randomized trials of adjuvant bisphosphonates in which contemporary systemic therapy was used. The primary outcome was the
impact of bisphosphonates on disease-free survival (DFS) and overall survival (OS). We also planned to explore toxicity as a key
secondary endpoint.

2. Methods
2.1. Literature review and study identification

The review and meta-analysis was conducted in accordance with Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [16] (Supplementary Table 1-checklist). The studies used to formulate the ASCO guidelines on use
of adjuvant bisphosphonates formed the data source for this review [10,17]. AM and FT collected data from each study independently
and discrepancies were resolved by discussion with a third reviewer (EA). All data were extracted from primary publications and their
associated online appendices.

2.2. Data extraction

The following data were collected from each study: number of patients, year of publication, details of the bisphosphonate used
(name of agent, duration and frequency of administration), trial summary data including median age, proportion of pre and post-
menopausal patients, proportion of patients with node-positive disease, hormone receptor negative, grade 3 and large tumor size
(defined as T3 or T4 disease at baseline). Details regarding chemotherapy including type when available were also recorded. Finally,
we collected data on 5-year DFS and OS and absolute number of DFS and OS events in bisphosphonate and control arm. When these
estimates were not available as absolute numbers in publications, these were derived from Kaplan Meir survival curves. For analysis of
toxicity, absolute number of patients having elevated creatinine, hypocalcemia and osteonecrosis jaw (ONJ) (when available) were
collected. The primary outcome measures were 5-year DFS and OS in bisphosphonate and control arm. The most mature data was
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Table 1A
Clinical characteristics of patients in included studies.
Study details Final year of No of Bisphosphonate Median Age Node-+ >T3 Hormone receptor Grade 3 Receiving Receiving anthracycline,
recruitment patients (N) used (years) (%) (%) negative (%) (%) chemotherapy (%) taxane (%)
ZO-FAST [22-24] 2004 1065 ZA 57 56.8 NA 0 NA 53.2% NA
NSABP-B34 [25] 2005 3323 CL NA 25 5 22 35 64 59,16
AZURE [5,26] 2006 3306 ZA 51.4 98 17.4 21 NA 100 93,23
ABCSG-12 [4,27,28] 2006 1803 ZA 45 30.4 NA 16.1 20.9 5.4 NA
University of 2006 119 ZA 50 59.6 NA 35.2 52.1 100 100,100
Washington [29,
30]
SUCCESS-A [20] 2007 3421 ZA 53 69.7 6 27.7 46.1 100 100,100
GAIN [31] 2008 2015 1B 49 100 12 23 46.4 100 100,100
NATAN [32] 2009 693 ZA NA 72.9 15.4 20.7 31.7 100 100,100
SWOG S0307 [21] 2010 6097 ZA,IB, CL 53 50.4 NA 21.4 NA 79.6 NA
TEAM IIB [15] 2014 1116 1B 62 50 5.8 NA 26 53.8 53.8,37.8
HOBOE [33] 2015 1065 ZA 45 45.26 3.6 0 335 62.6 NA

NA-not available, ZA-zoledronic acid, IB-ibandronate, C-clodronate, ONJ-osteonecrosis of jaw.
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extracted for publications where 5-year outcomes were not available.
2.3. Data synthesis and statistical analysis

Two authors (AM and FT) reviewed all references of these guidelines independently and identified randomized trials of adjuvant
bisphosphonates that accrued patients exclusively beyond 2000 (to reflect contemporary chemotherapy use). For multiple publica-
tions, those with most mature follow-up data were selected. Data on 5-year DFS and OS in bisphosphonates and control group arm
along with HR (when reported) were extracted along with relevant clinical parameters. Trials where only neoadjuvant bisphospho-
nates was used or those utilising denosumab were excluded. Descriptive statistics were used to report individual trial characteristics.
Confidence intervals of individual study estimates were calculated using confidence interval of one proportion. Heterogeneity was
assessed using the I statistic. With the study eligibility criteria limited to high quality randomized trials, a formal risk of bias
assessment was not performed as based on available quality scales, differentiation of studies would be based almost exclusively on
blinding. This was not felt to be a valid criterion for quality assessment. With the method of administration of most bisphosphonates
being IV and heterogenous use of placebo control in trials, there would have been inadvertent unblinding had blinding been utilized.
Individual studies were weighted by sample size and pooled mean 5-year DFS and OS were calculated. HR for DFS and OS were pooled
in a meta-analysis using generic inverse variance and random effects modelling. Trial level absolute differences in DFS and OS between
bisphosphonate and control arms were calculated. Meta-regression comprising linear regression weighted by sample size (mixed ef-
fects) was performed to explore association between disease and treatment related factors and absolute differences in benefit from
bisphosphonates as well as HR [18]. Due to limited power from a small number of included studies, first we performed only univariable
analyses as multivariable models could not be fitted adequately. Second, rather than using statistical significance, we explored as-
sociations quantitatively using methods described by Burnand et al. [19] Analyses were performed using SPSS version 28 (IBM Corp,
Armonk NY) and Review manager v5.4.

3. Results

Eleven trials comprising 24,023 patients were included in the analysis (Tables 1A and 1B). Among these, the SWOG S0307
compared three different bisphosphonates in the adjuvant setting (zoledronic acid, clodronate, ibandronate) and SUCCESS A trial
compared different duration of adjuvant zoledronic acid (5 years vs 2 years) [20,21] (Table 1A). Therefore, these trials were included
only for calculation of pooled absolute DFS and OS estimates but not hazard ratios. All patients in 4 trials (N = 6248) received
anthracycline and taxanes (Table 1A). Six trials reported renal side effects but only two reported on hypocalcemia. CI of pooled es-
timates could not be estimated for the SUCCESS A and NSABP-34 studies as the total number of events at five years were not reported
(Table 1B).

Table 1B
Outcomes of interest in included studies.
Study details 5y DFS 5y DFS Control DFS HR 5y 0S 5y OS control OS HR ONJ (%)
bisphosphonates (%) (%) bisphosphonates (%)
(%)
ZO-FAST [22-24] 92.1 (89.48-94.25) 88.4 0.66 95.1 (92.92-96.78) 93.25 0.69 1.3
(85.34-90.96) (0.44-0.97) (90.77-95.22) (0.42-1.14) (0.78-3.19)
NSABP-B34 [25] 88 (86.1-90.2) 87 (85.1-90.2) 0.91 95 (93.1-97.54) 94 0.83 0.06
(0.78-1.07) (91.64-96.72) (0.67-1.05) (0-0.34)
AZURE [5,26] 76.9 (75.5-79.55) 77.1 0.94 85.4 (83.77-87.19) 83.1 0.93 1.7 (1-2.4)
(75.58-79.63) (0.82-1.06) (81.69-85.3) (0.81-1.08)

ABCSG-12 [4,27, 91.5 (89.54-93.29) 87.8 0.7 96.6 (95.28-97.74) 95.24 0.66 0
28] (85.5-89.8) (0.51-0.91) (93.64-96.53) (0.41-1.07)

University of 71.6 (58.56-82.55) 71.2 0.98 86.6 (75.41-94.06) 84.75 0.98 1.7
Washington (57.92-92.24) (0.44-2.15) (73.01-92.78) (0.34-2.8) (0.04-8.94)
[29,30]

SUCCESS-A [20] 85* NA NA 92* NA NA 0.5

(0.27-0.76)

GAIN [31] 80.5 (78.56-82.26) 81.3 0.94 91* 92% 1.04 0.1

(78.8-83.77) (0.77-1.16) (0.76-1.42) (0.01-0.4)
NATAN [32] 75 (70.04-79.66) 75.1 0.96 84 (82.8-90.38) 87 (81.6-89.21) 1.19 1.5 (0.5-3.5)
(70.2-79.58) (0.71-1.3) (0.79-1.79)
SWOG S0307 [21] 87.8 (86.9-88.7) NA NA 92.6 (91.4-93.6) NA NA 0.8
(0.62-1.1)
TEAM IIB [15] 89 (86-91) 86 (83-88) 0.97 93 (91-95) 92 (89-94) 1.1 2.1
(0.76-1.24) (0.82-1.98) (1.27-4.24)
HOBOE [33] 91 (87.5-93.8) 85.1 0.6 97.7 (95.6-99.02) 96.1 0.55 1.1
(82.2-87.7) (0.4-0.87) (94.2-97.3) (0.25-1.23) (0.3-2.86)

HR-hazard ratio, ONJ-osteonecrosis of jaw, DFS- disease free survival, OS-overall survival, NA-not available.
*confidence intervals of these estimates could not be calculated due to unavailability of number of events.
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3.1. Disease free survival

The weighted mean 5-year-DFS for patients receiving bisphosphonates was 84.8 % and was 82.1 % for those in the control arm. The
pooled HR for DFS was 0.89 (95 % CI 0.81-0.97, p = 0.008, Fig. 1) with a weighted mean absolute difference of 1.5 %. No publication
bias was detected on visual examination of funnel plot (Fig. 2)

In trials where all patients received anthracyclines and taxanes, there was no DFS benefit (HR 0.95, 95 % CI 0.80-1.12, see
Supplementary Fig. 1) and a higher number of DFS events at five years in the bisphosphonates group (absolute difference —0.57).
Negative quantitative significance for absolute DFS was observed for post -menopausal patients, node positivity, greater tumour size,
hormone receptor negative and chemotherapy exposure, see Table 2A). Trends in DFS HR were consistent with absolute DFS results
(Table 2A).

3.2. Qverall survival

The weighted mean 5-year OS in bisphosphonates and control groups was 92.1 % and 90.9 % respectively with no statistically
significant benefit (HR 0.92, 95 % CI 0.83-1.03, p = 0.16, see Fig. 3) and an absolute difference of <1 %. No publication bias was
detected on visual inspection of funnel plot (Fig. 4). As with DFS, in contemporary chemotherapy studies, there was no difference in OS
(HR 1.04, 95 % CI 0.81-1.32) with more OS events in the bisphosphonates group (absolute difference —1.37 %, Supplementary Fig. 2).
Meta regression results for absolute and relative OS effect were consistent with DFS results (Table 2)

3.2.1. Toxicity

Pooled incidence of ONJ was 0.78 % (95 % CI 0.6-0.87). This was higher in an analysis of zoledronic acid studies (1 %, 95 % CI
0.75-1.15). Pooled incidence of any grade renal toxicity was 0.27 % (95 % CI 0.13-0.31); this was 0.15 % (95 % CI 0.07-0.24) in a
sensitivity analysis excluding data from GAIN study which reported this toxicity as combined renal and urinary [31]. A total of 7 events
(0.5 %) across two trials of hypocalcaemia were reported.

4. Discussion

The EBCTCG meta-analysis, which is the primary evidence base for the recommendation of adjuvant bisphosphonates for post-
menopausal women included many older trials with non-cancer outcomes as primary endpoints and did not provide detailed infor-
mation on other systemic therapies [3]. In this updated meta-analysis of more contemporary studies (some published after the EBCTCG
meta-analysis), we found a modest absolute benefit in DFS, which was attenuated in patients with high risk disease or those who
received chemotherapy. The OS benefit was not statistically significant.

The EBCTCG meta-analysis evaluated several end points including recurrence within and outside bone, local recurrence as well as
mortality related and unrelated to breast cancer. DFS is a composite endpoint which includes both local and contralateral events (both
new primaries and true recurrences), distant disease, mortality from any cause and often unrelated secondary invasive cancers. In the
EBCTCG meta-analysis, the majority of benefit with bisphosphonates was seen in terms of decrease in bone recurrence [3]. There was
no effect on local recurrence or non-bone distant recurrence. Furthermore, with competing risks being an important event in EBC,
emphasis on breast cancer specific mortality may have overestimated effects [34]. This supports concerns about the impact of adjuvant
bisphosphonates in the modern era.

Recent work has shown a decrease in distant DFS events by 20-30 % in more contemporary studies [9] likely due to earlier
diagnosis and improvements in systemic therapy. In such a setting even if relative effects of adjuvant bisphosphates remain unchanged,
this will result in smaller absolute benefits. In our study, which included more contemporary studies, a small relative benefit in DFS
was observed, although as expected, this translated to small absolute benefit.

OS remains the gold standard endpoint in adjuvant breast cancer trials especially because surrogacy between DFS and OS has not

Hazard Ratio Hazard Ratio

Study or Subgroup Weight 1V, Random, 95% Cl IV, Random, 95% ClI
ABSCG12 7.1% 0.70[0.51, 0.96]
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Fig. 1. Forest Plot for Disease free Survival Hazard ratio.
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Table 2A
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Meta regression analysis for Disease free survival.

Delta DFS DFS hazard ratio
Variable Beta Studies P SE 95 % CI Beta N P SE 95 % CI
coefficient N) value coefficient studies value
Final year of accrual 0.41 9 0.27 84.98  —200.54 to —0.12 9 0.75 5.64 —13.46 to
201.36 13.22
Duration of 0.19 9 0.63 91.74 —-216.74 to —0.25 9 0.51 5,50 —13.26 to
bisphosphonates 217.12 12.76
Median age —0.085 7 0.86 107.5 —276.42to 0.41 7 0.36 5.87 —14.68to
276.25 15.50
Post-menopausal -0.29 9 0.45 89.46 —211.83 to 0.48 7 0.19 4.98 —12.32 to
211.25 13.28
pNode+ —0.62 9 0.07 59.67 —144.72to 0.42 9 0.25 463 —10.53to
140.48 11.37
>=pT3 —0.68 5 0.14 75.72 —241.65 to 0.46 6 0.36 4.71 —12.62 to
240.29 13.54
HR negative -0.72 7 0.06 56.65 —146.34 to 0.82 7 0.023 297 —6.81to
144.90 8.45
Grade 2 0.21 6 0.68 9433  —261.69 to -0.11 5 0.84 516 —-16.53to
262.11 16.31
Grade 3 -0.71 7 0.07 67.98  —175.46 to 0.48 7 0.27 499 -12.35to
174.04 13.31
Received NACT/ACT —-0.76 9 0.02 60.24  —143.20 to 0.66 9 0.054 4.28  —9.46 to
141.68 10.78
Taxane% —-0.47 6 0.34 50.84 —141.62 to 0.48 6 0.34 0.91 —2.05 to
140.68 3.01
Anthracycline% —-0.88 6 0.02 2699 -75.82to 0.39 6 0.45 095 —2.25to
74.06 3.03

SE—standard error, CI- confidence interval, HR = hormone receptor, NACT = neoadjuvant chemotherapy. ACT = Adjuvant chemotherapy, DFS =

disease free survival.

been established for most EBC subtypes except HER2 positive disease [35,36]. The previous EBCTCG meta-analysis did not report a
statistically significant difference in all-cause mortality overall, a finding which was confirmed in the current study [3]. In fact, higher
number of deaths was observed in patients who received adjuvant bisphosphonates after receiving anthracycline and taxane based
chemotherapy. Therefore, failure to translate the small DFS benefit observed into an OS benefit is of concern.

The EBCTCG meta-analysis reported highest absolute benefits in patients who were node-positive and ER-negative; a subgroup that
derive the maximum benefit from chemotherapy as well. We observed consistent diminishing benefit in patients with clinical high risk
disease including ER-negative disease. It is plausible that effective chemotherapy modifies the prognosis of these high risk patients
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with very little (if any) added benefit of bisphosphonates. This observation is in contrast to both ESMO and ASCO recommendations
who recommend bisphosphonates in high risk (ESMO) or all (ASCO) post-menopausal patients irrespective of risk factors such as
hormone receptor status [10,11].

Data from individual trials suggest the potential value of absence of MAF gene amplification for predicting benefit from adjuvant
bisphosphonates [37,38]. The role of adjuvant bisphosphonates based on genomic risk evaluated using a multi-gene assay has not been
defined and is an area of ongoing research. Recent studies have identified composite scores including clinical and genetic risk factors
for better risk stratification of patients with hormone receptor positive and HER-2 negative breast cancer and considering these while
assessing benefits of adjuvant bisphosphonates might provide further insight into who may derive greater benefit from these therapies
[39,40].

ONJ was observed in ~1 % of patients in trials using zoledronic acid. Although ONJ is seen much more frequently in metastatic
disease where treatment intervals are typically shorter (2-3% at 3 years) [41], 1 % risk of ONJ is significant especially given the modest
benefits on DFS. The risk of renal dysfunction and hypocalcaemia was low but small number of studies reporting these side effects
limited the power of the analysis.

Our study has limitations. Included studies used different bisphosphonates (including clodronate, ibandronate, pamidronate and
zoledronic acid) and for different durations leading to heterogeneity. However, given the lack of heterogeneity observed in the
EBCTCG analysis and the equivalence of these drugs in the SWOG S0307 trial [21] we felt that pooling of these studies was consistent
with prior practice-changing methodology. Also, due to the small number of included studies, meta-regression was underpowered.
Therefore, data were interpreted quantitatively rather than based on statistical significance. Finally, our analyses were based on re-
ported summary statistics rather than individual patient data. This will increase uncertainty and will not allow for direct comparison
with the EBCTCG analysis [3].
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Table 2b
Meta-regression analysis for overall survival.
Delta OS OS hazard ratio
Variable Beta N p SE 95 % CI Beta N p SE 95 % CI
coefficient studies value coefficient studies value

Final year of accrual —0.19 9 0.62 60.99  —144.41 to 0.71 8 0.05 512 —-11.82to
144.003 13.24

Duration of 0.46 9 0.21 55.27 —130.23 to —0.06 8 0.88 7.25 —17.80 to

bisphosphonates 131.15 17.68

Median age 0.13 7 0.78 55.32 —142.07 to 0.40 6 0.43 7.12 —19.37 to
142.33 20.17

Post-menopausal —0.18 9 0.64 61.13 —144.73 to 0.38 8 0.35 6.72 —16.06 to
144.37 16.82

pNode+ -0.13 9 0.74 72.42 —171.38 to 0.57 9 0.14 5.34 —12.06 to
171.12 13.20

>=pT3 0.05 6 0.93 59.36 —164.76 to 0.32 5 0.6 6.27 —19.63 to
164.86 20.27

HR negative -0.27 7 0.56 70.23 —180.80 to 0.58 7 0.17 5.93 —14.66 to
180.26 15.82

Grade 2 —0.51 6 0.31 53.66 —149.49 to 0.98 5 0.003 1.25 —3.00 to
148.47 4.96

Grade 3 —0.49 7 0.26 51.42 —132.67 to 0.5 6 0.31 7.04 —19.05 to
131.69 20.05

Received NACT/ACT -0.24 9 0.54 60.37 —142.99 to 0.73 8 0.04 5.00 —11.50 to
142.51 12.96

Taxane% —0.83 6 0.037 42.98 —120.16 to 0.76 6 0.08 3.73 —9.60 to
118.50 11.12

Anthracycline% -0.27 6 0.60 76.01 —211.31 to 0.46 6 0.36 5.10 —13.70 to
210.77 14.62

SE—standard error, CI- confidence interval, HR = hormone receptor, NACT = neoadjuvant chemotherapy. ACT = Adjuvant chemotherapy, DFS =
disease free survival.

5. Conclusions

In a cohort of randomized trials with contemporary systemic therapy, the absolute DFS benefit of adjuvant bisphosphonates is
lower than shown in EBCTCG meta-analysis and seems limited to patients with lower risk disease. Patients treated with anthracycline
and taxane based chemotherapy did not derive a DFS or OS benefit. About 1 % of patients developed ONJ related to treatment with
zoledronic acid. These findings should be taken into consideration when counselling patients about the role of adjuvant
bisphosphonates.
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