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Abstract
Purpose The data of head-to-head comparisons of the anti-fracture efficacy of bone modifying agents (BMAs) in patients 
with hormone receptor-positive breast cancer receiving aromatase inhibitor (AI) are not available. Therefore, we conducted 
a network meta-analysis to compare the efficacy of different BMAs in patients with breast cancer receiving adjuvant AI.
Methods We performed a network meta-analysis to compare the change of bone mineral densities (BMDs) and the risk of 
fracture in the selected studies using a random effect model. The primary outcomes are the change of BMD of lumbar spine 
(LS) and total hip (TH) from the baseline (ΔBMD, %) at 1 and 2 years and the risk of fracture.
Results We identified and included a total of 16 randomized controlled trials for this analysis. All BMAs included (rise-
dronate, zoledronate, and denosumab) were associated with a significant increase in BMD of LS and TH at 1 and 2 years 
compared with no upfront treatment group. Among BMAs, zoledronate and denosumab use resulted in significantly higher 
BMD of LS and TH at 1 and 2 years compared with risedronate. The risk of fracture was significantly lower in the patients 
who received denosumab or risedronate compared with the patients without upfront treatment (Relative risk (RR) [95% CI] 
0.51 [0.38–0.67] and 0.54 [0.35–0.83], respectively).
Conclusion Among the bisphosphonates, zoledronate increased BMD the most, but risedronate, not zoledronate, use was 
associated with lower risk of fracture. Denosumab increased BMD not only of LS but also of the cortical-bone-rich hip, and 
showed a significant reduction of fracture risk.
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Abbreviations
AI  Aromatase inhibitor
BMA  Bone modifying agent
BMD  Bone mineral density
ΔBMD  BMD change from baseline (%)
CI  Confidence interval
RR  Relative risk
LS  Lumbar spine
TH  Total hip

Introduction

Breast cancer is one of the most common cancer in women 
worldwide [1]. In the US, 279,100 people are estimated to 
be diagnosed with breast cancer, and 42,170 patients die of 
breast cancer in 2020 [2]. About 80% of all breast cancer 
is hormone receptor-positive [2], and adjuvant endocrine 
therapy including aromatase inhibitor (AI) is recommended 
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to prevent recurring or developing new breast cancer in post-
menopausal women with hormone-sensitive breast cancer 
without metastasis [3].

One of the major side effects of AI is a rapid bone loss 
by depleting residual estrogen in postmenopausal patients 
[4]. While postmenopausal women, generally speaking, 
lose bone mineral density (BMD) by about 1% per year [5], 
patients with AI use lose up to ~ 5% of BMD per year [6]. 
As expected, the risk of fracture almost doubles in those 
patients [7, 8]. Therefore, the current guidelines support 
using bone modifying agents (BMAs) such as bisphospho-
nates or denosumab to prevent the fracture [4].

However, head-to-head comparison of those medications 
in terms of the anti-fracture efficacy has not been conducted. 
Our aim of this study is to compare skeletal effect of each 
BMA based on BMD change and the incidence of fracture 
by a network meta-analysis.

Methods

All the studies investigating the skeletal impact of BMAs on 
the BMD changes or the risk of fracture in patients on AI 
were identified using a two-level search strategy. First, data-
bases including PubMed, Cochrane library, and EMBASE 
were searched through August 11, 2019, using web-based 

search engines, as shown in Fig. 1. Second, relevant stud-
ies were identified through a manual search of secondary 
sources, including references of initially identified articles, 
reviews, and commentaries. All references were down-
loaded for consolidation, elimination of duplicates, and 
further analyses. Search terms included breast cancer or 
breast carcinoma or breast neoplasms; aromatase inhibitors 
or anastrozole or letrozole or exemestane; bisphosphonate or 
alendronate or risedronate or zoledronate or denosumab or 
diphosphonates; randomized. Two independent and blinded 
authors (HM and SS) reviewed the search results separately 
to select the studies based on inclusion and exclusion cri-
teria. If there was lack of a consensus, a third author (TK) 
was consulted for final decision [9]. There was no language 
restriction. The references included in the studies were 
reviewed to minimize missing relevant studies. The study 
was conducted in accordance with the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses guidelines 
[10].

The included studies met the following criteria: the study 
was peer-reviewed by journals, the design was a randomized 
controlled trial of patients with different preventive strat-
egies for bone loss and fracture (risedronate, zoledronate, 
denosumab), or no upfront treatment, the study had an end-
result of at least one of the followings: BMD change from 
the baseline (ΔBMD,%) of lumbar spine (LS) or total hip 

Electronic search : PubMed (N=81), 
Cochrane library (N=165), Embase (N=160)

274 iden�cal ar�cles assessed for eligibility

16 ar�cles included for quan�ta�ve synthesis

132 excluded for duplica�on

258 excluded based on 
lack of inclusion criteria

Fig. 1  Flow diagram for identification of relevant studies
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(TH) at 1 year or 2 years, or the risk of fracture. We used the 
Cochrane risk of bias assessment to explore sources of bias 
[11]. According to this scale, we evaluated the risk of bias 
based on random sequence generation, allocation conceal-
ment, blinding of participants and researchers, blinding of 
outcome assessment, selective reporting and incomplete out-
come data, and we categorized them as high, low or unclear. 
To assess the risk of publication bias, a visual estimation 
of the funnel plot was used. For each study, data regard-
ing BMD and the incidence of fracture in each cohort were 
abstracted. We used mean difference of BMD adjusted with 
baseline factors (e.g., age, baseline T-score, or chemotherapy 
use) if they were reported. If the number of patients in each 
cohort were reported, we calculated the unadjusted differ-
ence of BMD. We performed network meta-analysis using 
“netmeta” 1.1–0 package (R Foundation for Statistical Com-
puting, Vienna, Austria). We used the random effect model 
for the analysis. Within the framework, I2 statistics, which 
represent the proportion of total variation in study estimates 
due to heterogeneity, were used to quantify heterogeneity 
[12]. The I2 statistics represent the proportion of variability 
that is not attributable to chance. Lastly, we conducted sensi-
tivity analyses by excluding a study with the largest number 
of patients and a study with the most heterogeneity.

Results

We identified 16 eligible studies [13–28], enrolling a total of 
7699 patients receiving AI after surgical treatment for breast 
cancer [The number of patients: Risedronate (n = 312), Zole-
dronate (n = 1708), Denosumab (n = 1838), No upfront treat-
ment (n = 3841)]. All 16 studies were randomized controlled 
trials comparing one of the medications with no upfront 
treatment. The analyzed studies are summarized in Table 1. 
The median age of the studies was similar. Of note, the stud-
ies of risedronate include exclusively patients with baseline 
T-score below − 1.0, while the studies of the other BMAs 
included all patients regardless of baseline BMD. Thirty-
three percent of patients in the studies of zoledronic acid and 
49% of patients in the studies of denosumab had baseline 
T-score less than − 1.0.

The characteristics of the network are shown in Fig. 2. 
Briefly, ten, eight, ten comparisons were included in the 
analysis for ΔBMD at 1 year, ΔBMD at 2 years and the 
incidence of fracture, respectively. The main outcomes are 
summarized in Table 1. The forest plots show the results of 
the meta-analysis of ΔBMD of LS at 1 year (Fig. 3). There 
was a significant heterogeneity in the analysis (I2 = 63.5%, 
p = 0.008). All treatment groups increased BMD signifi-
cantly compared with no upfront treatment group at 1 year. 
At 2-year follow-up, BMDs at LS and TH further increased 
with all BMAs. Zoledronate and denosumab similarly 

increased BMD at LS (5.45% and 5.64% at 1 year, and 
7.26% and 7.97% at 2 years, respectively), and at TH (3.34% 
and 4.65% at 1 year, and 3.75% and 5.31% at 2 years, respec-
tively) (Supplementary Table 1, Supplementary Fig. 1A–C). 
The BMD gains by those two drugs were comparable except 
that denosumab gained significantly higher BMDs at TH at 
2 years compared with zoledronate (0.66% [0.11– 1.21%]) 
(Supplementary Fig. 1C). In comparison with risedronate, 
zoledronate and denosumab showed significantly higher 
BMD increment at LS at 1 year (3.10% [2.23–3.98%] and 
3.29% [2.29–4.29%], respectively), as shown in Fig. 3.

We performed a sensitivity analysis excluding a study 
with the most heterogeneity [17]. The analysis of ΔBMD 
of LS and TH showed consistent findings with the original 
analysis (Supplementary Fig. 2). The sensitivity analysis 
excluding a study with the largest number of patients [13] 
also showed similar results of BMD changes (Supplemen-
tary Fig. 3). However, the superior total hip BMD gain with 
denosumab at 2 years was not observed in the sensitivity 
analyses (Supplementary Figs. 2 and 3).

A network meta-analysis of the risk of fracture was also 
performed, as shown in Fig. 4. There was no significant 
heterogeneity (I2 = 0%, p = 0.784). Among all BMAs, deno-
sumab and risedronate reduced the incidence of fracture sig-
nificantly compared with no upfront treatment group (RR 
0.51 [0.38–0.67] and RR 0.54 [0.35–0.83], respectively). 
In particular, denosumab was associated with a lower inci-
dence of fracture compared with all the bisphosphonates 
including zoledronate (RR 0.60 [0.38–0.94]). Interest-
ingly, zoledronate did not show significant anti-fracture 
efficacy, although it increased BMDs more than any other 
bisphosphonates.

We performed a subgroup analysis in the patients with a 
low baseline T-score (T-score < − 1.0). There was no hetero-
geneity in the studies (I2 = 0%, p = 0.525). Again, risedronate 
and denosumab use showed a significantly lower risk of frac-
ture compared with no upfront treatment group (RR [95% 
CI] 0.54 [0.35–0.83] and 0.58 [0.42–0.81], respectively) 
(Supplementary Fig. 4).

Most studies in this analysis had a low risk of selective 
reporting, incomplete outcome data, and other risks. How-
ever, about half of the RCTs were open-label, which pre-
cludes the blinding of participants and researchers. Some 
RCTs did not specify the randomization protocol, which can 
lead to a bias in random sequence generation and allocation 
concealment (Fig. 5). Figure 6 shows the funnel plots for the 
outcomes that were assessed in this analysis. There was an 
obvious heterogeneity among the studies using zoledronate 
with BMD change (LS) as an end-result. Additionally, in 
the assessment of fracture risk, the studies on risedronate 
showed asymmetric distribution; the studies with large 
standard errors were associated with greater efficacy, sug-
gesting the presence of publication bias.



282 Breast Cancer Research and Treatment (2020) 181:279–289

1 3

Ta
bl

e 
1 

 M
ai

n 
ch

ar
ac

te
ris

tic
s a

nd
 o

ut
co

m
es

 o
f t

he
 tr

ia
ls

 in
cl

ud
ed

 in
 th

e 
an

al
ys

is

A
ut

ho
r/y

ea
r

Re
fe

re
nc

es
Fo

llo
w

 u
p 

(m
o)

St
ud

y 
de

si
gn

C
om

pa
ris

on
N

 o
f p

at
ie

nt
s

A
ge

 (m
ed

ia
n,

 
ra

ng
e)

T-
sc

or
e <

 −
 1

.0
n,

 (%
)

C
ha

ng
e 

of
 B

M
D

N
 o

f f
ra

ct
ur

e

LS
 (1

 y
ea

r)
LS

 (2
 y

ea
rs

)
TH

 (1
 y

ea
r)

TH
 (2

 y
ea

rs
)

Se
st

ak
/2

01
9

14
60

D
B

, M
C

R
 v

s N
68

 v
s 5

7
60

 (5
6–

64
*)

 
vs

 6
0 

(5
5–

65
*)

68
 (1

00
) v

s 5
7 

(1
00

)
1.

79
 ±

 0.
64

N
A

1.
12

 ±
 0.

62
N

A
20

 v
s 3

0

M
on

da
/2

01
7

15
24

D
B

, S
C

R
 v

s N
36

 v
s 3

5
55

.7
 v

s 
56

.1
**

36
 (1

00
) v

s 3
5 

(1
00

)
N

A
N

A
N

A
N

A
0 

vs
 3

G
re

en
sp

an
/2

01
6

22
24

D
B

, S
C

R
 v

s N
55

 v
s 5

4
65

 v
s 6

4
55

 (1
00

) v
s 5

4 
(1

00
)

3.
2 ±

 0.
71

4.
0 ±

 0.
85

2.
1 ±

 0.
57

3.
3 ±

 0.
64

N
A

M
ar

ko
po

u-
lo

s/
20

10
20

24
O

L,
 S

C
R

 v
s N

37
 v

s 3
3

64
.5

 v
s 

62
.6

**
37

 (1
00

) v
s 3

3 
(1

00
)

N
A

N
A

N
A

N
A

0 
vs

 0

Po
zn

ak
/2

01
0

27
24

D
B

, M
C

R
 v

s N
73

 v
s 6

5
63

.8
 v

s 
64

.8
**

73
 (1

00
) v

s 6
5 

(1
00

)
2.

4 ±
 0.

71
4.

0 ±
 1.

09
1.

21
 ±

 0.
65

2.
94

 ±
 0.

74
0 

vs
 4

G
re

en
sp

an
/2

00
8

29
24

D
B

, M
C

R
 v

s N
43

 v
s 4

4
50

.1
 v

s 4
9*

*
N

A
2.

1 ±
 0.

71
1.

6 ±
 1.

06
2.

1 ±
 0.

42
2.

5 ±
 0.

72
N

A
Su

n/
20

16
16

12
O

L,
 S

C
Z 

vs
 N

50
 v

s 5
0

58
 (3

5–
83

) 
vs

 5
6 

(3
3–

79
)

N
A

N
A

N
A

N
A

N
A

2 
vs

 3

Jo
hn

sto
n/

20
15

21
60

O
L,

 M
C

Z 
vs

 N
27

4 
vs

 2
77

58
.5

 v
s 5

9
12

2 
(4

5)
 v

s 1
24

 
(4

5)
N

A
N

A
N

A
N

A
24

 v
s 2

5

C
ol

em
an

/2
01

3
23

60
O

L,
 M

C
Z 

vs
 N

53
3 

vs
 5

32
57

 (3
6–

87
) 

vs
 5

8 
(3

7–
81

)

16
2 

(3
1)

 v
s 1

66
 

(3
1)

5.
73

 ±
 0.

08
7.

82
 ±

 0.
13

3.
46

 ±
 0.

04
4.

64
 ±

 0.
07

3 
vs

 8

B
ru

fs
ky

 /2
01

2
24

60
O

L,
 M

C
Z 

vs
 N

30
1 

vs
 3

01
60

 (3
5–

83
) 

vs
 6

0 
(4

1–
89

)

84
 (2

8)
 v

s 8
5 

(2
8)

4.
28

 ±
 0.

11
6.

03
 ±

 0.
21

3.
14

 ±
 0.

07
4.

56
3 ±

 0.
12

18
 v

s 2
1

Ll
om

ba
rt/

20
12

25
60

O
L,

 M
C

Z 
vs

 N
25

2 
vs

 2
70

58
 (4

0–
81

) 
vs

 5
8 

(4
4–

78
)

89
 (3

5)
 v

s 9
0 

(3
3)

5.
86

 ±
 0.

15
7.

93
 ±

 0.
27

3.
28

 ±
 0.

08
4.

75
 ±

 0.
13

7 
vs

 9

N
uz

zo
/2

01
2

18
12

D
B

, S
C

Z 
vs

 N
15

4 
vs

 1
49

49
 (2

8–
77

) 
vs

 4
9 

(3
0–

78
)

61
 (4

1)
 v

s 6
2 

(4
0)

N
A

N
A

N
A

N
A

0 
vs

 0

Ta
ka

ha
sh

i/2
01

2
26

12
O

L,
 M

C
Z 

vs
 N

97
 v

s 9
7

60
 (4

8–
82

) 
vs

 6
0 

(4
6–

79
)

40
 (4

1)
 v

s 3
9 

(4
0)

4.
85

 ±
 0.

48
N

A
4.

35
 ±

 0.
51

N
A

0 
vs

 0

Sa
fr

a/
20

11
19

41
.4

O
L,

 S
C

Z 
vs

 N
47

 v
s 4

3
58

 (4
5.

4–
79

.4
) 

vs
 5

9.
3 

(4
2.

9–
83

.6
)

N
A

N
A

N
A

N
A

N
A

0 
vs

 0

G
na

nt
/2

01
5

13
36

D
B

, M
C

D
 v

s N
1,

71
1 

vs
  

1,
70

9
64

 (3
8–

91
)

77
3 

(4
5)

 v
s 7

75
 

(4
5)

5.
74

 ±
 0.

26
8.

28
 ±

 0.
37

3.
85

 ±
 0.

25
5.

86
 ±

 0.
33

65
 v

s 1
29



283Breast Cancer Research and Treatment (2020) 181:279–289 

1 3

D
 d

en
os

um
ab

, Z
 z

ol
ed

ro
na

te
, R

 ri
se

dr
on

at
e,

 N
 n

o 
up

fro
nt

 tr
ea

tm
en

t
*I

nt
er

-q
ua

rti
le

 ra
ng

e,
 *

*m
ea

n

Ta
bl

e 
1 

 (c
on

tin
ue

d)

A
ut

ho
r/y

ea
r

Re
fe

re
nc

es
Fo

llo
w

 u
p 

(m
o)

St
ud

y 
de

si
gn

C
om

pa
ris

on
N

 o
f p

at
ie

nt
s

A
ge

 (m
ed

ia
n,

 
ra

ng
e)

T-
sc

or
e <

 −
 1

.0
n,

 (%
)

C
ha

ng
e 

of
 B

M
D

N
 o

f f
ra

ct
ur

e

LS
 (1

 y
ea

r)
LS

 (2
 y

ea
rs

)
TH

 (1
 y

ea
r)

TH
 (2

 y
ea

rs
)

El
lis

/2
00

9
28

24
D

B
, M

C
D

 v
s N

12
7 

vs
 1

25
59

.2
 (3

8–
84

) 
vs

 5
9.

7*
* 

(3
5–

81
)

12
7 

(1
00

) v
s  

12
5 

(1
00

)
5.

5 ±
 0.

38
7.

6 ±
 0.

57
3.

61
 ±

 0.
32

4.
6 ±

 0.
38

3 
vs

 5

Discussion

Our study is the first to analyze the skeletal effect of the 
different bisphosphonates and denosumab in postmeno-
pausal patients receiving aromatase inhibitor as an adju-
vant therapy for breast cancer The salient findings of our 
study are the following: (1) Our study showed that BMAs 
significantly increased the BMD of LS and TH at 1 and 
2 years. (2) Zoledronate and denosumab were associated 
with significantly higher BMD gain among all the treat-
ments. (3) Denosumab increased BMDs at cortical-bone-
rich skeleton such as hip more than bisphosphonates. (4) 
Denosumab and risedronate demonstrated a significant 
fracture risk reduction. (5) Although zoledronate seemed 
as potent as denosumab in terms of increasing BMDs, the 
anti-fracture efficacy of zoledronate was unclear.

A previous meta-analysis showed that bisphosphonates 
(ibandronate, alendronate, risedronate and zoledronate) 
were associated with an increase in BMD in postmeno-
pausal women receiving adjuvant AI for breast cancer 
[29]. However, they did not compare the skeletal effect of 
each medication. Among the bisphosphonates, our analysis 
found that zoledronate use was associated with signifi-
cantly more BMD gain than the others. In patients with 
Crohn disease, zoledronate showed better efficacy as well 
[30]. However, a meta-analysis of patients with primary 
osteoporosis did not find a significant superiority of zole-
dronate in terms of BMD gain compared with the other 
bisphosphonates [31]. The distinct characteristics of the 
study subjects may explain this difference. The patients on 
aromatase inhibitors, like patients with Crohn disease, lose 
bone at a much higher rate than postmenopausal osteopo-
rosis [6]. The efficacy of zoledronate, which is the most 
potent bisphosphonate, might appear more prominent in 
the setting of rapid bone decline.

In terms of fracture risk reduction, no previous study 
has shown a direct anti-fracture efficacy of bisphospho-
nates in this specific patient group. Although a large 
meta-analysis by Early Breast Cancer Trialists’ Collab-
orative Group revealed that adjuvant bisphosphonates 
reduce fracture risk (RR 0·85 [0·75–0·97]) in patients 
with early breast cancer, the study group included both 
patients with and without receiving aromatase inhibitors, 
and the authors did not compare the anti-fracture efficacy 
of each bisphosphonate [32]. Another meta-analysis by 
O’Carrigan et al. analyzed 44 randomized controlled tri-
als and found that bisphosphonates did not lower the risk 
of fracture regardless of the kind of bisphosphonates, the 
timing of bisphosphonate use (immediate vs. delayed) or 
patients’ AI use [33].

In our analysis, we found that risedronate significantly 
decreased the risk of fracture in breast cancer patients 
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receiving AIs compared with no upfront treatment group. 
When we analyzed patients with low BMD (T-score < − 1.0), 
risedronate still demonstrated a significant fracture risk 
reduction. However, the most potent zoledronate with a 
superior BMD gain over risedronate, did not show expected 
anti-fracture efficacy. This might be a reflection of the tri-
als of zoledronate in our analysis, which included patients 
with all BMDs, whereas the trials of risedronate exclusively 
studied patients with low BMDs (T-score < − 1.0). Only 33% 
of patients receiving zoledronate had T-score < − 1.0 at the 
baseline. Therefore, the low incidence of fracture in studies 
of zoledronate might lead to an insufficient power to detect 
anti-fracture efficacy.

Denosumab is a relatively new anti-resorptive agent, and 
so far, there have been two meta-analyses, which examined 
the effect of denosumab in patients with osteoporosis [34] 
and postmenopausal women with a high risk of fracture 
[35]. Both studies showed that denosumab increased BMD 
significantly more than the other BMAs. In our study, we 
also observed consistent findings in this specific group of 
patients. Of note, a recent meta-analysis compared the effect 

of denosumab and zoledronate in the same patient group 
as ours, using both fixed and random effect models. In this 
analysis, different models resulted in inconsistent findings 
where a fixed effect model showed a significantly better 
fracture risk reduction at 36 months with denosumab, but 
a random effect model did not show any difference in two 
treatment groups [36]. With a larger number of studies in 
our analysis, we noted that denosumab use was associated 
with a significant lower risk of fracture in a random effect 
model as well.

In terms of potential side effects of long-term use of 
anti-resorptives, atypical femur fracture (AFF) is particu-
larly concerning as anti-resorptives tend to accumulate in 
active resorptive areas like skeletal metastasis. The study 
from MD Anderson reported a very low incidence of AFF 
(0.05 cases per 100,000 person-year) with bisphosphonate 
use [37]. In terms of denosumab, a retrospective study 
reported a higher incidence of AFF (5 cases in 277 patients 
with a median of 10 doses), but the study was very small 
and 4 out of 5 cases had been exposed to bisphosphonate 
prior [38].

risedronate

zoledronate

denosumab

no_treatment

risedronate

denosumab
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Fig. 2  Network of bone modifying agents and no upfront treatment for all endpoints. The thickness of lines is proportional to the number of 
direct comparisons in studies
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Fig. 3  Forrest plot comparing 
the BMD change (%, lumbar 
spine) with each BMA at 1 year 
(MD mean difference, CI confi-
dence interval)
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286 Breast Cancer Research and Treatment (2020) 181:279–289

1 3

To our knowledge, this is the first network meta-
analysis comparing different treatments for bone loss in 
patients with adjuvant AI for breast cancer, comprising of 
all the currently available studies. The larger number of 
patients were included (n = 7699). The consistent results 
from sensitivity analyses and previous meta-analyses sup-
port the validity of the findings. The effects of BMAs 
on BMD were analyzed on the different axial skeletal 
sites (LS and TH) and different time points (1 year and 
2 years). Additionally, our analysis is the first to report 
the anti-fracture efficacy of risedronate in this specific 
patient population. The limitation of our study is the het-
erogeneous characteristics of patients at baseline among 
the trials, which may impact the effect size of each 
treatment.

Conclusion

Currently, we do not have a specific recommendation 
for a particular BMA for postmenopausal breast cancer 
patients receiving an AI. Our finding revealed that BMAs, 
especially denosumab and zoledronate, significantly 
increased the BMD in LS and TH. Notably, denosumab 
might generate more BMD gain in cortical-bone-rich hip 
bone than zoledronate. Both risedronate and denosumab 
reduced the risk of fracture, but the anti-fracture efficacy 
of zoledronate, the most potent bisphosphonate, remains 
uncertain. In conclusion, our finding suggests denosumab 
might be a better option for preserving BMD and prevent-
ing fracture in postmenopausal patients receiving AI, as 
adjuvant therapy for breast cancer.

Fig. 5  Risk of bias assessment 
chart
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