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ABSTRACT

Early-stage breast cancer (BC) patients receiving adjuvant therapy suffer from bone loss and increased frac-
ture risk. Zoledronic acid (ZA) has been confirmed to inhibit bone metastasis and improve survival out-
comes in early BC postmenopausal patients receiving adjuvant therapy. However, the efficacy of ZA for
prevention of adjuvant therapy-induced bone loss from 2 different early BC groups, namely premenopausal
and postmenopausal patients, still remain unclear. To obtain detailed characteristics, we performed this
meta-analysis. PubMed, EMBASE, and Cochrane were searched. In premenopausal BC patients and post-
menopausal BC patients, to assess bone loss, we calculated the weighted mean differences with 95% con-
fidence intervals (CI) to evaluate lumbar spine (LS) bone mineral density (BMD), total hip (TH) BMD, and
femoral neck (FN) BMD in ZA and non-ZA group with follow-up of 12 months. Thirteen randomized con-
trolled trials (RCTs) encompassing 7375 patients were included. In a mixed population of early BC patients
receiving adjuvant therapy, ZA significantly increased LS BMD (P < 0.00001), TH BMD (P < 0.00001), and
FN BMD (P=0.01) compared with non-ZA group. In premenopausal patient subgroup, LS BMD was greatly
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higher in patients with ZA compared to controls (0.06 g/cm?; 95% CI: 0.05-0.08), whereas there were no
differences in TH BMD and FN BMD between patients with ZA and controls. In postmenopausal patient
subgroup, both LS BMD (0.06 g/cm?; 95% CI: 0.05-0.07) and TH BMD (0.04 g/cm?; 95% CI: 0.03-0.04) were
significantly higher in patients with ZA compared to controls, but there was no difference in FN BMD
between patients with ZA and controls. To sum up, ZA prevents bone loss in early-stage BC patients receiv-
ing adjuvant therapy at different skeletal sites. In premenopausal patients, effectiveness of ZA in prevention
of bone loss is confirmed at LS site, but not at TH and FN site. In postmenopausal patients, ZA has a satis-
fying efficacy for prevention of bone loss at LS and TH site, but not at FN site.

© 2019 Elsevier Inc. All rights reserved.
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Introduction

Breast cancer (BC) is the most common malignant tumor in women. In current days, adju-
vant therapy is conventionally performed in patients with hormone-responsive early-stage BC.!
Adjuvant therapy, which includes adjuvant chemotherapy and endocrine therapy, can effectively
help preventing tumor recurrence and improving patient survival after surgical excision.>? How-
ever, adjuvant therapy drugs can disrupt estrogen signaling and induce ovarian failure or pre-
mature menopause as well as deleterious effects on bone health, resulting in rapid bone loss
and increased fracture risk.>-® As BC patients survive for longer periods of time after adjuvant
therapy,”-® maintaining skeletal health is an important consideration.

Zoledronic acid (ZA), a potent nitrogen-containing third-generation bisphosphonate, is recog-
nized as an effective treatment for patients with multiple myeloma,® bone metastasis in solid
tumors such as lung cancer'? and early BC.!' ZA improves disease-free survival (DFS) in post-
menopausal women with early BC,'? reduces the development of bone metastases in patients
with early BC,”> and decreases the skeletal-related events and bone pain in BC patients with
bone metastases.'* Recently, the use of ZA has become an important component of treatments
for adjuvant therapy-associated bone loss in early BC.'>-' Bone mineral density (BMD) is a
key contributor to assess bone loss and predict fracture risk as a surrogate endpoint, and the
most used BMD values are from lumbar spine (LS), total hip (TH), and femoral neck (FN) sites.
Aromatase inhibitors (Als)-associated reduction of BMD can be prevented by concurrent ZA (4
mg intravenously every 6 months) for postmenopausal patients with early BC.!” Adding ZA to
adjuvant therapy improves BMD in premenopausal women with early BC receiving adjuvant
chemotherapy and/or endocrine therapy.’® To clarify the effect of ZA on BMD more precisely
and comprehensively in early BC patients receiving adjuvant therapy, we performed current
meta-analysis to assess the efficacy of ZA at different skeletal sites in premenopausal and post-
menopausal patients respectively.

Methods
Literature search
We performed a literature search before September 2018 in PubMed, EMBASE, and Cochrane

with no restrictions for data and language, following the PRISMA guideline.'® The search terms
included breast neoplasms, BC, breast tumor, ZA, and zoledronate.
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Inclusion and exclusion criteria

From an initial list of 2086 abstracts identified, all records were downloaded and duplicate
records were removed. About 1944 articles were selected, screened from title and abstract, and
then 168 full-text related articles were assessed for eligibility. We included studies that met the
following criteria: (1) the analysis included controlled trials that randomized early BC patients
receiving adjuvant endocrine therapy and/or chemotherapy to undergo intravenous ZA treatment
(upfront ZA or ZA) or non-ZA treatment (delayed ZA or placebo or no treatment), (2) the dosage
of ZA was 4 mg every several months and the most common period is every 6 months, (3) the
trials defined bone loss by assessing BMD at LS, and/or TH, and/or FN with dual-energy x-ray
absorptiometry devices, (4) early BC patients in trials were premenopausal or postmenopausal.
Exclusion criteria included the following: (1) study was performed on cell line. (2) study de-
sign was nonrandomized. (3) The focus of the study was pathologic analysis, survival outcomes,
dosing frequency or cost-effectiveness. (4) The post type of the study was review, conference
abstract, editorial, letter, case report, or expert opinion. The flow chart of searches was shown
in Fig. 1.

Data extraction and quality assessment

Two reviewers (MM and Xiang RL) independently screened and checked the articles to de-
termine the final inclusions according to the inclusion and exclusion criteria. Then 2 reviewers
(Xiang Z] and Yang JH) independently extracted data from each potential study using predefined
extraction forms with the following variables: (1) The first author; (2) year of publication; (3)
sample size of the intervention group; (3.1) mean value and standard deviation of baseline BMD;
(3.2) mean value and standard deviation of final BMD; (4) sample size of the control group; (4.1)
mean value and standard deviation of baseline BMD; (4.2) mean value and standard deviation of
final BMD. The Cochrane Risk of Bias Tool for assessing risk of bias was used to assess the quality
of randomized controlled trials (RCTs). Any discrepancies were addressed by a joint evaluation
of the original article.

Statistical analysis

The data were summarized by the final values of BMD (g/cm?) from follow-up of 12 months.
The data were presented as mean difference with 95% confidence interval (CI), and our analysis
was presented as a forest plot, with heterogeneity assessed using the I-squared statistic. The
random-effects model was used to pool the data if heterogeneity (I-squared value >50%) was
found; Otherwise, the fixed-effects model was selected.

Subgroup analysis was performed for LS BMD, TH BMD, and FN BMD in premenopausal and
postmenopausal patients respectively. The adverse events were analyzed by Pearson chi-square
test in SPSS 22, and other statistical analyses were performed in RevMan 5.3 software. All P
values less than 0.05 were considered statistically significantly.

Results
Search results

There were 2086 potentially relevant references. After screening the titles and abstracts of all
studies, 47 full-text articles met the general inclusion criteria and were reviewed for strict inclu-

sion or exclusion criteria. Thirteen RCTs were finally included in the meta-analysis.!>-16.18.20-29
Figure 1 showed the search process and study selection.
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All  records identified through
database searching: 2086
PubMed: 631
EMBASE: 1048
The Cochrane library: 406

142 Duplicated records excluded

1944 records screened for title and
abstract review

1776 records (abstracts, reviews,

or irrelevant) excluded

168 articles to be reviewed in full

121 Full-text articles excluded with

reasons (eg, no relevant data

provided)
47 full-text articles assessed for 47 Full-text articles excluded after
eligibility full-text review

® Didn’t include required data

for meta-analysis = 37
® Review=3
NoRCT =5
® Other reasons =2

13 RCTs included in quantitative

synthesis (meta-analysis)

Fig. 1. Flowcharts of study selection and search.
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Sample characteristics

Table 1 presents the characteristics of the 13 trials that met the eligibility criteria for this
study. Eight studies were performed on postmenopausal patients, and the rest 5 studies were
performed on premenopausal patients. Control groups of 7 studies were delayed-start ZA groups,
which received ZA when LS or TH T score decreased to less than —2.0 or when a nontraumatic
fracture occurred, and the rest 6 studies were using placebo or no treatment as controls. Among
all trials, 2 studies were double blinded.

Risk of Bias Assessment

The risk of bias was assessed including random sequence generation, allocation concealment,
blinding, incomplete outcome data, selective outcome reporting. All trials were randomized, but
only 1 article claimed the specific method of randomization.?° For allocation concealment, all
trials did not mention. For blinding, 2 studies used double-blinding method,'8->6 the other 11
studies did not give information on blinding. One trial did not report the BMD value of 12-
month follow-up, so we extracted BMD of 24-month follow-up.'® Therefore, the risk of bias of
included studies was moderate, indicating some lack of power to ensure the therapeutic effect.
More details of the trials were presented in Fig 2.

Effect of ZA on LS, TH, and FN BMD in a mixed population of patients

All 13 articles had compared the final values of LS BMD for early BC patients receiving ad-
juvant therapy with ZA vs non-ZA. We observed a significantly increased LS BMD in those with
ZA compared with non-ZA group, and the mean difference between groups was 0.06 g/cm? (95%
CI: 0.05-0.07, P < 0.00001) (Fig 3a)

Eleven trials included TH BMD investigation. Results showed that ZA significantly improved
the TH BMD compared with non-ZA group, and the mean difference between groups was 0.03
g/cm? (95% CI: 0.03-0.04, P < 0.00001) (Fig 3b).

Five trials explored FN BMD. Results showed that ZA greatly increased FN BMD compared
with non-ZA group, and the mean difference was 0.03 g/cm? for LS (95% CI: 0.01-0.06, P=0.01)
(Fig 3c).

Effect of ZA on LS, TH, and FN BMD in premenopausal subgroup

There were 5 trials investigated LS BMD in premenopausal patients with early BC receiving
adjuvant therapy. The results demonstrated a significantly increased LS BMD in premenopausal
patients with ZA compared with non-ZA, and the mean difference between groups was 0.06
g/cm? (95% CI: 0.05-0.08, P < 0.00001) (Fig 4a).

Three trials included TH BMD investigation in premenopausal patients. There was no signifi-
cant difference in TH BMD between ZA group and non-ZA group (0.02 g/cm?; 95% CI: —0.00 to
0.05, P=0.05) (Fig 4b).

Three trials explored FN BMD in premenopausal patients. There was no significant difference
in FN BMD between ZA group and non-ZA group (0.03 g/cm?; 95% CI: —0.00 to 0.06, P=0.05)
(Fig 4c).

Effect of ZA on LS, TH, and FN BMD in postmenopausal subgroup

Eight articles included had explored the effect of ZA on LS BMD in postmenopausal pa-
tients with early BC receiving adjuvant therapy. Each included article had originally reported a
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Table 1
Characteristics of included trials.
Study Year Intervention Dosage of Duration ~ Numbers of Population Follow-up
treatment (y) patients (mo)

Brufsky, et al 2008 Upfront ZA; 4 mg IV every 6 months 5 833; Postmenopausal women with early BC receiving 12
Delayed ZA 834 adjuvant endocrine therapy (letrozole)

Brufsky, et al 2007 Upfront ZA; 4 mg IV every 6 months 5 301; Postmenopausal women with early BC receiving 12
Delayed ZA 301 adjuvant endocrine therapy (letrozole)

Brufsky, et al 2009 Upfront ZA; 4 mg IV every 6 months 5 301; Postmenopausal women with early BC receiving 36
Delayed ZA 301 adjuvant endocrine therapy (letrozole)

Brufsky, et al 2012 Upfront ZA 4 mg IV every 6 months 5 301; Postmenopausal women with early BC receiving 61
Delayed ZA 301 adjuvant endocrine therapy (letrozole)

Bundred, et al 2008 Upfront ZA; 4 mg IV every 6 months 5 532; Postmenopausal women with early BC receiving 12
Delayed ZA 533 adjuvant endocrine therapy (letrozole)

Leal, et al 2010 ZA; 4 mg IV every 3 months 1 36; Postmenopausal women with early BC receiving 12
no treatment 32 adjuvant endocrine therapy (the majority

received tamoxifen)

Sun, et al 2016 ZA; 4 mg IV every 6 months 1 60; Postmenopausal women with early BC receiving 12
no treatment 60 adjuvant endocrine therapy (letrozole)

Takahashi, et al 2012 Upfront ZA; 4 mg IV every 6 months 1 94; Postmenopausal women with early BC receiving 12
Delayed ZA 95 adjuvant endocrine therapy (letrozole)

Gnant, et al 2008 ZA; 8 mg IV every 6 months, 3 899; Premenopausal women with early BC receiving 60
no treatment then amended to 4 mg 904 adjuvant endocrine therapy (goserelin and

IV every 6 months anastrozole or goserelin and tamoxifen)

Gnant, et al 2007 ZA; 8 mg IV every 6 months, 3 204; Premenopausal women with early BC receiving 36

no treatment then amended to 4 mg 197 adjuvant endocrine therapy (goserelin and
IV every 6 months anastrozole or goserelin and tamoxifen)

Hadji, et al 2014 ZA; 4 mg IV every 3 months 2 34; Premenopausal women with early BC receiving 24
placebo 36 adjuvant chemotherapy and/or endocrine therapy

Kim, et al 2011 Upfront ZA; 4 mg IV every 6 months 1 57; Premenopausal women with early BC receiving 12
Delayed ZA 59 adjuvant chemotherapy

Kyvernitakis, et al 2018 ZA; 4 mg IV every 3 months 2 34; Premenopausal women with early BC receiving 60
placebo 36 adjuvant chemotherapy and/or endocrine therapy

IV, intravenous injection; BC, breast cancer; ZA, zoledronic acid.
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Fig. 2. Risk of bias summary: review authors’ judgments about each risk of bias item for each included study (a). Risk of
bias graph: review authors’ judgments about each risk of bias item presented as percentages across all included studies

(b).

significantly increased LS BMD in postmenopausal patients with ZA compared with non-ZA, our
meta-analysis demonstrated that the mean difference between groups was 0.06 g/cm? (95% CI:
0.05-0.07, P < 0.00001) (Fig 4d).

Eight trials included had reported the effect of ZA on TH BMD in postmenopausal patients.
Results showed that ZA significantly improved TH BMD in postmenopausal patients with ZA
compared with non-ZA. Our meta-analysis revealed that the mean difference in TH BMD be-
tween groups was 0.04 g/cm? (95% CI: 0.03-0.04, P < 0.00001) (Fig 4e).

There were 2 trials explored the effect of ZA on FN BMD in postmenopausal patients. The
results indicated that there was no significant difference in FN BMD between ZA group and
non-ZA group (0.04 g/cm?; 95% CI: —0.01 to 0.08, P=0.1) (Fig 4f).

Adverse events

Eight trials!6.18.20-23,26.29 mentjoned the adverse events during the follow-up in ZA group
vs non-ZA group as showed by Table 2, and the analysis revealed that in contrast to con-
trol group, ZA significantly increased the occurrence rate of pyrexia, bone pain, chills, fever,
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Mean Difference Mean Difference

Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Brufsky2007 1131 0165 247 1.08 0166 253 8.0% 0.05[0.02,0.08 —
Brufsky2008 1117 0162 827 1.06 016 825 27.8% 0.06(0.04,0.07) -
Brufsky2009 1126 0164 251 1.073 0166 256 8.1% 0.05(0.02,0.08 -
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Kyvernitakis2018 148 012 31 1.09 014 34 1.7% 0.09(0.03,0.15
Leal2010 1196 0161 29 1151 0185 26 0.8% 0.04[0.050.14] ]
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Brufsky2012 0966 0127 300 0932 0133 300 11.7% 0.03[0.01,0.08 -
Bundred2008 0972 013 464 0938 013 467 181% 0.03[0.02 0.05] -
Gnant2007 0.721 0,097 103 0703 0.097 100 71% 0.02[0.01,0.04] il il
Gnant2008 0716 011 205 0.694 1.069 205 02% 0.02[013017] ]
Kyvernitakis2018 099 012 31 094 012 34 1.5% 0.05[0.01,011] =
Leal2010 0812 0118 30 0.811 0431 26 1.2% 0.00[0.06,0.07] -1
Sun2016 098 013 50 094 013 50 1.9% 0.04 [[0.01,0.09] T =
Takahashi2012 0.872 012 97 0812 0106 97 50% 0.06(0.03 0.09 -
Total (95% Cl) 2605 2613 100.0% 0.03[0.03, 0.04] +
Heterogeneity: Chi*= 5.33, df= 10 (P = 0.87); F= 0% t t t t

Testfor overall effect Z= 9.61 (P < 0.00001) 92 <01 g9 o1 82
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Mean Difference Mean Difference
Study or Subgroup _Mean __ SD _Total Mean _ SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Hadji2014 0984 012 34 0933 012 36 200% 0.05[0.01,011] T
Kim2011 0887 0126 56 0878 0137 56 26.6% 0.01[0.04,008] -
Kyvernitakis2018 087 013 31 083 011 34 183% 004[002 010 T
Leal2010 0996 0137 30 0988 0143 26 11.7% 0.01[0.07,008] S —
5un2016 089 012 50 084 0144 50 234% 0.05[0.00,0.10] |
Total (95% CI) 201 202 100.0% 0.03[0.01,0.06] L 4
Heterogeneity: Chi*= 2.23, df = 4 (P = 0.69); = 0% t t + t

Testfor overall effect Z= 2.54 (P = 0.01) L s 0 o 0.2

Fig. 3. Meta-analysis comparing the LS BMD (a), TH BMD (b), and FN BMD (c) in a mixed population of early BC patients
receiving adjuvant therapy with ZA versus non-ZA.

headache, influenza-like illness, and myalgia in early BC patients receiving adjuvant therapy,
while ZA greatly decreased the occurrence rate of cough, depression, and sleep disorders. Out
of the 8 trials, only 1 trial reported a case of osteonecrosis of the jaw (ONJ) in ZA group. No
fracture and other severe adverse events were reported.

Discussion

In this meta-analysis of RCTs, we investigated the efficacy of ZA for prevention of bone loss
at different skeletal sites in premenopausal and postmenopausal patients with early BC receiv-
ing adjuvant therapy respectively. The follow-up of included data was from 12 months. Here,
we showed that ZA was associated with increased LS BMD in both premenopausal and post-
menopausal patients by 0.06 g/cm? compared to controls. In postmenopausal patients, TH BMD
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Kyvernitakis2018 0487 013 31 083 011

Total (95% CI) 121

Heterageneity: Chi*=1.36, df=2 (P=0.51); F=0%
Testfor overall effect Z=1.93 (P = 0.05)
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Study or Subgrou Mean SD Total Mean

Brufsky2007 1131 0165 247 1.08 0166
Brufsky2008 1117 0162 827 106 016
Brufsky2009 1126 0164 251 1.073 0.166
Brufsky2012 1.124 0163 300 1.07 0165
Bundred2008 1102 016 464 1.042 016
Leal2010 1.196 0.161 29 1151 0185
Sun2016 113 015 50 1.06 018
Takahashiz012 1.008 0124 97 0952 0137
Total (95% CI) 2265

Heterogeneity: Chi*= 057, df=7 (P=1.00), F= 0%
Test for overall effect: Z=11.81 (P < 0.00001)
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Brufsky2007 097 0126 247 0936 0132
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Brufsky2009 0968 0127 251 0933 0133
Brufsky2012 0966 0127 300 0932 0133
Bundred2008 0972 013 464 0938 013
Leal2010 0.812 0118 30 0811 013
Sun2016 098 013 50 094 013
Takahashi2012 0.8rz 012 97 0812 0106
Total (95% CI) 2266

Heterogeneity: Chi*= 3.42, df=7 (P = 0.84); F=0%
Testfor overall effect: Z= 9.46 (P < 0.00001)
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Fig. 4. Meta-analysis comparing the LS BMD (a), TH BMD (b), and FN BMD (c) in premenopausal early BC patients
receiving adjuvant therapy with ZA versus non-ZA, and meta-analysis comparing the LS BMD (d), TH BMD (e), and FN

——
=
—

-

+

-0.2 -01 01 02

Mean Difference
IV, Fixed, 95% C1

26 332% 0.01[0.07,0.08]
50 66.8% 0.05[0.00,0.10]

76 100.0% 0.04[-0.01,0.08]

02 -01 01 02

BMD (f) in postmenopausal early BC patients receiving adjuvant therapy with ZA versus non-ZA.
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Adverse event

Overall rates in ZA group

Overall rates in non-ZA group

Pearson chi-square

Anxiety 4.67% (14/300) 6.00% (18/300) 0.467
Diarrhea 7.33% (44/600) 8.17% (49/600) 0.589
Dizziness 5.00% (15/300) 5.67% (17/300) 0.716
Fatigue 17.45% (410/2349) 16.11% (378/2347) 0.216
Insomnia 7.70% (133/1727) 6.20% (107/1725) 0.084
Pyrexia 12.33% (204/1654) 1.03% (17/1650) 0.000
Sweating 5.26% (5/95) 3.09% (3/97) 0.452
Arthralgia 35.37% (855/2417) 33.57% (812/2419) 0.186
Back pain 7.49% (174/2322) 8.35% (194/2322) 0.277
Bone pain 13.31% (309/2322) 711% (165/2322) 0.000
Chills 20.59% (14/68) 2.78% (2/72) 0.001
Constipation 6.67% (20/300) 6.33% (19/300) 0.868
Cough 7.17% (43/600) 10.83% (65/600) 0.026
Depression 5.55% (125/2254) 8.31% (187/2250) 0.000
Dyspnea 6.00% (18/300) 4.33% (13/300) 0.356
Extremity pain 10.12% (114/1127) 12.78% (95/1125) 0.172
Fever 23.16% (22/95) 2.06% (2/97) 0.000
Headache 10.21% (237/2322) 7.54% (175/2322) 0.001
Hot flush 27.22% (658/2417) 28.03% (678/2419) 0.532
Hypertension 10.33% (31/300) 8.00% (24/300) 0.322
Influenza-like illness 32.35% (22/68) 11.11% (8/72) 0.002
Lymphedema 10.33% (38/368) 14.78% (55/372) 0.067
Menopausal symptoms 47.06% (32/68) 38.89% (28/72) 0.329
Musculoskeletal pain 9.00% (54/600) 6.33% (38/600) 0.083
Myalgia 12.77% (300/2349) 10.40% (244/2347) 0.011
Nausea 8.81% (213/2417) 7.40% (179/2419) 0.072
Osteonecrosis of the jaw 2.94% (1/34) 0% (0/36) 0.300
Paresthesia 11.76% (8/68) 16.67% (12/72) 0.407
Peripheral edema 7.63% (86/1127) 6.67% (75/1125) 0.375
Pruritus 5.26% (5/95) 3.09% (3/97) 0.452
Rash 5.32% (21/395) 4.28% (17/397) 0.496
Sleep disorders 5.88% (4/68) 19.44% (14/72) 0.017
Weight increase 5.88% (31/527) 5.33% (28/525) 0.699

was increased by 0.03 g/cm? with ZA compared to controls. However, TH BMD and FN BMD in
premenopausal patients, and FN BMD in postmenopausal patients, were not significantly differ-
ent between the groups. To sum up, we demonstrated that ZA played an important role in pre-
venting bone loss at LS site from both premenopausal and postmenopausal patients with early
BC receiving adjuvant therapy. Moreover, ZA might be more effective for prevention of bone loss
at TH site from postmenopausal patients, rather than from premenopausal patients.

In recent years, the clinical treatment modalities for early-stage BC have undergone a funda-
mental change. Numerous studies show that expanded surgery range does not have a decisive
impact on the prognosis for BC, while adjuvant chemotherapy or endocrine therapy is able to
improve BC patients DFS and overall survival.>! However, these therapies result in bone loss and
fractures, either due to the direct effect on the balance of bone formation by osteoblasts and
bone resorption by osteoclasts or due to therapies-induced ovarian failure and low estrogen con-
centration. Estrogen is essential for the maintenance of bone mass for women, and the decrease
in estrogen levels results in increased bone turnover and loss. Therefore, early BC patients who
receive chemotherapy or endocrine treatment are at increased risk of osteopenia, osteoporosis,
and bone fracture. Oral calcium and vitamin D has minimal effects and cannot even maintain
bone mass in these patients,32:3 and the estrogen therapy, which is useful in preventing bone
loss for postmenopausal individuals,>* is advised to be avoid, due to the presence of estrogen
and progesterone receptors in the majority of these malignancies.

Bisphosphonates have profound effects on osteoclasts and T-cell function. They induce os-
teoclast apoptosis, leading to decreased bone turnover, this and the increasing secondary
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mineralization contribute to a moderate BMD increase.>” In postmenopausal women, bispho-
sphonates have been utilized for the treatment of osteoporosis in normal postmenopausal
women. At present, bisphosphonate therapy is increasingly used in clinical with early BC pa-
tients receiving adjuvant chemotherapy or endocrine therapy, and newly American Society of
Clinical Oncology Clinical Practice Guideline recommends that usage of ZA (4 mg intravenously
every 6 months), a third-generation bisphosphonate, is considered as adjuvant therapy for post-
menopausal patients with BC to prevent bone recurrence, improve survival, and maintain bone
mass.3® Our meta-analysis included 13 RCTs involving 7375 participants including both pre-
menopausal and postmenopausal patients, which reported the efficacy of ZA for prevention of
bone loss in early BC patients receiving adjuvant therapy. Results showed that ZA significantly
increased BMD at LS, TH, and FN sites, indicating the preventive function of ZA in bone loss
from a mixed population of women. To some extent, the BMD results, as surrogate endpoints
for predicting risk of fractures, were consistent with the fracture results from a previous meta-
analysis, in which results have shown that the 5-year fracture rate is reduced from 5.9% (95% CI:
4.8%-71%) to 3.8% (95% Cl: 2.9%-4.7%) with ZA.>” However, the effect of ZA on maintaining bone
mass in premenopausal and postmenopausal patients differs due to different ovarian function
and estrogen concentrations. In premenopausal patients, the bone protective effects of ZA have
been initially investigated,2® while the role of ZA in preventing bone loss is still vague. In post-
menopausal patients, present articles have demonstrated the effectiveness of ZA for prevention
of bone loss, but the specific bone mass change at different skeletal sites induced by ZA remains
unclear. Next we made meta-analysis in premenopausal and postmenopausal subgroups.

In premenopausal patients with early BC receiving adjuvant chemotherapy, it has been re-
ported that BMD decreases with chemotherapy-induced amenorrhea, with declines ranging from
4% to 8% at the LS and 2% to 4% at the hip.>® A phase III trial of the Korean Cancer Study Group
(KCSG-BR06-01) demonstrated that chemotherapy induced significant bone loss at 12 months,
upfront ZA treatment effectively prevented bone loss at LS and FN site, and the differences in
percent change of BMD between upfront ZA and controls were 6.4% for LS, and 3.6% for FN.2
Adjuvant endocrine therapy is routinely used for premenopausal patients with the hormone re-
ceptor positive early BC, including ovarian suppression using a luteinizing hormone-releasing
hormone agonist such as goserelin and combination with tamoxifen, and in this way, rates of
BMD loss are even higher.!” The Austrian Breast and Colorectal Cancer Study Group trial-12
showed that endocrine therapy greatly decreased BMD with 11.3% at LS and 7.3% at trochanter,
and concomitant ZA effectively prevented bone loss at LS and trochanter.!” Five RCTs involving
2460 participants were included in our meta-analysis assessing the efficacy of ZA for preven-
tion of bone loss in premenopausal patients with early BC receiving adjuvant therapy, in which
2 RCTs were receiving adjuvant endocrine therapy,'>-2* 2 RCTs were receiving endocrine and/or
chemotherapy,'®-26 and the rest 1 RCT was receiving chemotherapy.?®> Results showed that con-
comitant ZA treatment was associated with increased LS BMD by 0.06 g/cm? compared to con-
trols, but there were no significant differences in TH BMD and FN BMD between ZA and controls,
suggesting that ZA played an important role in preventing bone loss at LS site from follow-up
of 12 months, but not at TH and FN sites. BMD decreases more rapidly at LS site than other
skeletal sites in premenopausal women undergoing adjuvant therapy,’”->® and this might par-
tially contribute to significant higher BMD at LS induced by ZA compare to controls, but not at
TH and FN site.

In postmenopausal patients with hormone receptor positive BC, adjuvant endocrine therapy
is routinely administered by Als alone or sequentially after tamoxifen.>® Als results in a longer
DFS interval and produces fewer endometrial and thromboembolic adverse events than tamox-
ifen, consequently, more postmenopausal patients are receiving Als as first-line adjuvant ther-
apy.“04! Bone loss in postmenopausal BC patients using long-term Als is 2 times more than
that of normal postmenopausal women of the same age.?2*? In a meta-analysis of 7 clinical
trials evaluating adjuvant endocrine therapy in postmenopausal women with BC (N =30,023),
long-term Als increase the relative risk of bone fractures by 47% compared with tamoxifen.*3
Therefore, efforts to prevent bone loss and fractures are necessary. One trial in postmenopausal
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Chinese population with early BC receiving Al demonstrated that ZA significantly increased BMD
at LS, TH, and FN site for follow-up of 12 months.?® Leal et al reported that ZA significantly in-
creased BMD at LS, but there was no difference in FN BMD between groups in postmenopausal
patients with early BC receiving tamoxifen.2” In our meta-analysis of postmenopausal subgroups,
8 RCTs were included (included 4915 participants), in which 7 RCTs were receiving Al therapy
(letrozole), and the rest 1 RCT was receiving tamoxifen for the majority participants. Results
showed that concomitant ZA treatment was associated with increased LS BMD by 0.06 g/cm?
and increased TH BMD by 0.03 g/cm? compared to controls, but there was no significant dif-
ference in FN BMD between groups, indicating that ZA played an important role in preventing
bone loss at LS and TH site from follow-up of 12 months, but not at FN site in postmenopausal
patients. For postmenopausal individuals, a previous study focusing on determining the effect
of hormone replacement therapy on preventing bone loss, reported that hormone replacement
therapy achieved greater benefit at LS site rather than FN site,** indicating that LS may be a
more sensitive bone metabolic site than FN, this helps explain why FN BMD value was not af-
fected by ZA in postmenopausal BC patients. The observed greater benefit at TH site in post-
menopausal patients, but not in premenopausal patients, suggests that ZA may be a more ef-
fective means of preventing bone loss and reducing fracture risk in postmenopausal patients.
Postmenopausal patients usually experience lower initial bone mass than premenopausal pa-
tients for reduced ovarian function and estrogen concentrations, which probably contributes to
the significantly increased BMD at TH in postmenopausal patients but not premenopausal ones.
From the molecular mechanism, in postmenopausal women, an increased receptor activator of
nuclear factor-kappa b ligand to osteoprotegerin ratio promotes osteoclastogenesis and acceler-
ates bone turnover,*> this may be another reason which could explain why ZA was more ef-
fective in postmenopausal women. In addition, in 4915 postmenopausal patients enrolled, most
of the patients (4727 individuals) were randomized into upfront ZA group (initiated simulta-
neously with adjuvant therapy) and delayed ZA group (initiated with a decrease in T score
<—2 or occurrence of clinical nontraumatic fracture), so the significantly elevated BMD also
suggests that upfront ZA is the preferred treatment strategy in preventing bone loss compared
with delayed ZA administration in postmenopausal patients with early BC receiving adjuvant
therapy.

Considering the adverse events, ZA can exert toxic effects such as nephrotoxicity and ONJ,
which are potential unsafe factors for its clinical use. In our meta-analysis of assessing the ef-
ficacy of ZA for preventing bone loss, the included RCTs also reported the adverse events dur-
ing the follow-up. Results showed that ZA treatment significantly increased the occurrence rate
of pyrexia, bone pain, chills, fever, headache, influenza-like illness, and myalgia compared to
controls, and there was no nephrotoxicity and fracture observed and only 1 case of ONJ in ZA
group. A previous meta-analysis (47 studies including 20,607 patients) from our team focusing
on adverse events in patients treated with bisphosphonate therapy for BC recently reported that
bisphosphonates were significantly associated with influenza-like illness, fatigue, fever, dyspep-
sia, anorexia, and urinary tract infection, and the pooled probability of ON]J toxicity in bisphos-
phonates group was 2%.“6 Our observations for adverse events of ZA basically agreed with the
bisphosphonates results.

There are several limitations in our study. First, we included 4 trials from the same au-
thor,'6:20-22 and suspected that some participants may be the same ones in different articles.
Second, only 2 trials were double-blinded, this can lead to increased risk of performance bias
or detection bias. Third, the number of participants evaluated the FN BMD were small, so the
analysis results of FN BMD should be interpreted with caution and more clinical trials should be
conducted in future to help exploring.

Conclusions

In this meta-analysis, we demonstrated that ZA prevented bone loss at LS site in both pre-
menopausal and postmenopausal patients with early BC receiving adjuvant therapy. Moreover,
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ZA prevented bone loss at TH site in postmenopausal but not in premenopausal patients, indi-
cating that ZA was a more effective means for prevention of bone loss in postmenopausal pa-
tients with early BC receiving adjuvant therapy. Furthermore, there was no significant difference
in FN BMD between ZA and controls in premenopausal or postmenopausal patients, suggesting
that ZA was not involved in prevention of bone loss at FN from follow-up of 12 months.
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