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ABSTRACT

Purpose: Bisphosphonates (BPs) have a powerful effect on reducing bone resorption and
improving the survival of patients with breast cancer. We aimed to investigate the impact

of BP treatment on the prevention of recurrence, metastasis, and death of breast cancer
survivors in the perimenopausal period.

Methods: The search strategy aimed to identify both published and unpublished studies

in PubMed, Web of Science, Scopus, Embase, ProQuest, and Google Scholar in March

2021. Two independent reviewers assessed quantitative papers selected for retrieval for
methodological validity before being included in the review using standardized critical
appraisal instruments from the Joanna Briggs Institute (JBI) Meta-Analysis of Statistics
Assessment and Review Instrument (JBI-MAStARI). Statistical meta-analysis was performed
using Review Manager (RevMan) 5.4 statistical software when the data were homogenous.
Meta-analysis was performed by calculating the effect size (hazard ratio; HR) and 95%
confidence intervals (CIs).

Results: Twenty-one studies were eligible for this systematic review and meta-analysis.

The overall The HRs for disease-free survival (DFS) and overall survival (OS) in women who
received BPs were 0.89 (95% CI, 0.83-0.97; p=0.005), and 0.75 (95% CI, 0.63-0.89; p =
0.001), respectively. The results showed that BPs had a significant effect on the prevention of
locoregional (HR, 0.64; 95% CI, 0.42-0.97; p = 0.04), bone (95% CI, 0.74-0.95; p < 0.001),
and distant metastases (HR, 0.77; 95% CI, 0.62-0.94; p = 0.01). In the subgroup analysis
based on study design, the only insignificant HR in the included randomized controlled trials
(RCTs) was that of locoregional metastasis.

Conclusion: Although BPs have a promising effect on DFS, OS, and bone metastasis of
perimenopausal women survivors of breast cancer, more RCTs are needed to evaluate their
effect on other survivors’ outcomes.
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INTRODUCTION

Breast cancer is one of the most prevalent cancers worldwide, accounting for 685,000 global
deaths by 2020. Although breast cancer is more prevalent in developed countries, more than
halfthe deaths are reported from developing countries. Moreover, the 5-year survival rate of
breast cancer is high in North America and Japan, and low in African countries [1]. Based on
the results of a study in the USA, the incidence of breast cancer increased between 2009 and
2018, although the mortality rate did not increase [2]. Similar to most other cancers, breast
cancer is preventable. Creating public awareness about breast cancer, reducing exposure

to risk factors, and chemoprevention are the main steps for preventing breast cancer [1].
Treatment of breast cancer includes neoadjuvant chemotherapy, surgery for operable tumors,
radiotherapy, adjuvant chemotherapy, and/or endocrine therapy. Surgery in metastatic breast
cancer has a palliative role rather than providing survival benefit [3]. Breast cancer metastasis
is responsible for nearly 12% of breast cancer diagnoses, lacks effective treatment, and is the
primary cause of mortality in this cancer type. Bone metastasis is one of the most prevalent
metastases in breast cancer and can lead to such morbidities. In addition to regular follow-
up, there should be some method to prevent metastasis and recurrence and improve the
lifestyle of patients with bone metastasis, one of which is the use of bisphosphonates (BPs).

BPs were first discovered in the 19th century [4]. Considering their structure, they have a high
affinity for hydroxyapatite and are one of the most potent suppressors of bone resorption [5].
Irrespective of their type, BPs have a major role in treating osteoporosis and preventing bone
loss and fractures. In addition, they help improve breast cancer outcomes, especially with
long-term use (more than one year) [6,7].

A review study proved that BPs have a significant anticancer effect in preclinical settings, such
as in animal models and cell cultures of different types of cancers [8].

A study demonstrated that BPs have a powerful effect in reducing bone resorption and
improving the survival of breast cancer patients, especially those with low estrogen levels [9].

Recent studies have shown that doses of BPs utilized for osteoporosis could improve the
survival of patients with early-stage breast cancer compared to that with denosumab, a
human monoclonal antibody [10].

One of the most potent BPs is zoledronic acid, which is highly effective in the treatment of
breast cancer metastasis [11]. Disseminated tumor cells (DTC) and circulating tumor cells
(CTC) are accused of initiating metastasis in breast cancer. Recently, a study in 2021 evaluated
the role of zoledronic acid on DTC and CTC in the serum of patients with breast cancer. Their
results showed that DTC and CTC levels were meaningfully low compared to the baseline in
the BPs group [12]. Although a number of studies have shown that BPs could play a role in
lowering cardiovascular events and breast cancer incidence [13,14], some of them failed to
demonstrate any relationship [15,16].

We conducted a systematic review to identify the effect of BPs on recurrence, death, and
overall metastasis in perimenopausal women with a history of breast cancer. The quantitative
objective was to estimate the effect of BPs on the prevention of recurrence of breast cancer in
perimenopausal women.
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METHODS

This systematic review and meta-analysis was conducted according to the Cochrane
Collaboration Handbook and Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Statement [17]. The proposed systematic review was conducted following
the Joanna Briggs Institute (JBI) methodology for systematic reviews [18].

Inclusion criteria

Types of participants

The quantitative component of this review included women with a history of breast cancer.
Breast cancer survivors are women who have been diagnosed with breast cancer from the
point of diagnosis through, and after treatment.

Types of intervention(s)
The quantitative component of the review entailed studies that evaluated the effect of BPs.

Types of comparison

The quantitative components of this review were placebo, observation controls, and other
non-BP controls. Delayed BP therapy and denosumab-treatment controls were excluded from
the present study.

Types of outcomes

This review included the studies that contained the following outcome measures: 1) Disease-
free survival (DFS) was defined as the time from randomization to tumor recurrence or death
in RCTs or from the start time of diagnosis in non-randomized studies; 2) Overall survival
(OS) was defined as the time from diagnosis to death from any cause or to the last follow-up.
The other secondary endpoints were locoregional, bone, and distant metastases.

Types of studies

The quantitative component of the review was interventional or observational studies,
including randomized controlled trials (RCTs), cohort, and case-control studies that reported
events of cancer recurrence as the primary or secondary outcomes. When multiple reports
from the same study were published at different time points of follow-up, we included the
data after the longest follow-up period in the analyses. RCTs that were not initially designed
to study cancer recurrence were excluded.

Search strategy

The search strategy aimed to identify published and unpublished studies. This study used a
three-step search strategy. An initial limited search of MEDLINE was performed, followed

by an analysis of the text words, including the title and abstract. Subsequently, the second
search using all identified keywords and index terms was undertaken across all included
databases in March 2021. Finally, the reference lists of all the identified reports and articles
were searched for additional studies. Studies published in any language and on any date were
included in this review (Appendix 1).

The aforementioned databases included Cochrane Library, MEDLINE (PubMed), Web of Science,
Scopus, Embase, ProQuest, Google Scholar, SID, Magiran, and IranDoc for Persian literature.

Moreover, unpublished studies were searched from seminars and congresses and included.
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Study selection

Following the search, all identified citations were collated and uploaded to EndNote, and
duplicate studies were eliminated. Two independent reviewers screened titles and abstracts
to assess the eligibility of the studies based on the inclusion and exclusion criteria. Full texts
of potentially relevant studies were retrieved, and details of citations were imported into
the JBI System for the Unified Management, Assessment, and Review of Information (JBI
SUMARI) (Joanna Briggs Institute, Adelaide, Australia). Two reviewers assessed the full
text of the selected citations according to the eligibility criteria. Explanations for excluding
studies in full-text stages that did not meet the eligibility criteria were recorded. The
reviewers resolved disagreements raised at each level of the study selection process through
discussion or with the opinion of a third reviewer. The search results and details of the
screening process are presented in the preferred reporting items for systematic reviews and
meta-analyses (PRISMA) flow diagram [10].

Assessment of methodological quality

Two independent reviewers assessed the quantitative papers selected for retrieval for
methodological validity before being included in the meta-analysis using standardized
critical appraisal instruments from the Cochrane Handbook. The items under consideration
were selection bias including random sequence generation and allocation concealment,
performance bias (blinding of participants and personnel), detection bias (blinding of
outcome assessors), attrition bias, and reporting bias. The JBI Meta-Analysis of Statistics
Assessment and Review Instrument (JBI-MAStARI) (https://jbi.global/critical-appraisal-tools)
was used for other studies that were not eligible for inclusion in the meta-analysis. Probable
disagreements between the reviewers were resolved through discussion or by a third reviewer
(Table 1).

Table 1. Quality assessment of the included studies according to the related JBI appraisal checklists

Author Year Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Qn Q12 Q13
Jallouk et al. [21] 2021 Yes Unclear  Yes  Unclear Unclear Unclear Yes Yes Yes Yes Yes Yes Yes
Banys et al. [24] 2013  Unclear Unclear  Yes No No No Yes Yes Yes Yes Yes Yes Yes
Body et al. [37] 2003  Unclear Unclear  Yes Yes Yes No Yes Yes Yes Yes Yes Yes Yes
Delmas et al. [19] 1997  Unclear Unclear  Yes No No No Yes Yes Yes Yes Yes Yes Yes
Diel et al. [33] 1998  Unclear Unclear  Yes No No No Yes Yes Yes Yes Yes Yes Yes
Eidtmann et al. [25] 2010  Unclear Unclear  Yes No No No Yes Yes Yes Yes Yes Yes Yes
Ishikawa et al. [27] 2017 Yes Unclear  Yes No No No Yes Yes Yes Yes Yes Yes Yes
Kristensen et al. [38] 2008 Yes Unclear  Yes  Unclear Unclear Unclear Yes Yes Yes Yes Yes Yes Yes
Perrone et al. [30] 2019 Yes Unclear  Yes  Unclear Unclear Yes Yes Yes Yes Yes Unclear Yes Yes
Rack et al. [22]" 2010 Yes Yes Yes Yes Yes Yes Yes Yes Yes

Saarto et al. [35] 2003  Unclear Unclear  Yes No No No Yes Yes Yes Yes Yes Yes Yes

Q1: Was true randomization used for the assignment of participants to the treatment groups? Q2: Was allocation to the treatment groups concealed? Q3:

Were the treatment groups similar at the baseline? Q4: Were the participants blinded to the treatment assignment? Q5: Were those delivering treatment

blind to treatment assignment? Q6: Were outcome assessors blinded to the treatment assignment? Q7: Were the treatment groups treated identically, other
than the intervention of interest? Q8: Was follow-up complete and, if not, were differences between groups in terms of their follow-up adequately described

and analyzed? Q9: Were the participants analyzed in the groups to which they were randomized? Q10: Were the outcomes measured in the same way for the
treatment groups? Q11: Were the outcomes measured reliably? Q12: Was appropriate statistical analysis used? Q13: Was the trial design appropriate, and were
any deviations from the standard RCT design (individual randomization, parallel groups) accounted for in the conduct and analysis of the trial?

*Q1: Is it clear in the study what is the ‘cause’ and what is the ‘effect’ (i.e., there is no confusion about which variable comes first)? Q2: Were the participants
included in any comparison similar? Q3: Were the participants included in any comparison receiving similar treatment/care other than the exposure or
intervention of interest? Q4: Was there any control group? Q5: Were there multiple measurements of the outcome, both pre- and post-intervention, or exposure?
Q6: Was follow-up complete and, if not, were differences between groups in terms of their follow-up adequately described and analyzed? Q7: Were the
outcomes of the participants included in any comparison measured in the same way? Q8: Were the outcomes measured reliably? Q9: Was appropriate statistical

analysis used?

https://ejbc.kr
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Data collection

Two independent reviewers extracted data from the included articles using the modified
standardized JBI data extraction tool. Specific details were selected from the included
studies, including the first author, publication year, study design, country, estrogen or
progesterone receptor status, duration of BP use, and study outcomes. Any disagreement
among the reviewers was resolved through discussion.

Data synthesis

Statistical meta-analysis was performed using Review Manager (RevMan) 5.4 statistical software
(Cochrane Collaboration, London, UK) when the data were homogenous. Meta-analysis was
performed by calculating the effect size (hazard ratio; HR) and 95% confidence intervals (CIs).
The standard error of each study was calculated from the existing data. Statistical significance
for all analyses was set at p < 0.05 (two-tailed). Heterogeneity was calculated using the I test.

In the present meta-analysis, I* > 50% and a significance level of p < 0.10 for Cochran’s Q were
considered clinically important heterogeneity. Significant heterogeneity was identified in the
fixed-effects model, prompting the use of the random-effects model to calculate the cumulative
effect size and CI. Furthermore, because not more than ten studies were included in the meta-
analysis, a funnel plot was not generated to assess publication bias. The findings were presented
in a narrative form, including tables and figures, where statistical pooling was not possible,
which was performed to aid data presentation, if appropriate. We only included the latest version
of the published data from the same research team in this regard.

RESULTS

Study inclusion

During the electronic search, manual search, and reference check, we identified 1,708
citations. After omitting duplicate citations, 640 studies remained for screening. Altogether,
147 studies were selected based on their titles and abstracts and 125 studies were excluded in
the full-text selection step. Finally, 21 studies were included in the critical appraisal process
and in this study. Additional information regarding the selection process is presented in the
PRISMA flowchart (Figure 1).

Methodological quality

The JBI appraisal checklist critically assessed the eligible studies to detect possible biases.
According to this evaluation, most studies were of appropriate quality. The results of the
evaluation of eligible studies and checklists are presented in Table 1.

Characteristics of included studies and findings

The reviewed studies included three phase III randomized controlled trials, three cohort
studies, and two retrospective studies, and the others were randomized or non-randomized
phase II, open-label clinical trials [19-39]. A summary of the study design and outcomes
measured from these studies is shown in Tables 2 and 3.

Of the included studies, 10,238 patients received BPs, among whom, the number of
postmenopausal women was 388, whereas 10,743 patients did not receive BPs, or received
another treatment, and were categorized as the control group, with a total 3,879 cases

of postmenopausal women. In five studies, the authors did not report the data of the
postmenopausal women. The follow-up period ranged from 12 to 120 months.
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Figure 1. Search and selection process of the systematic review.

These studies were performed in six countries (USA, Germany, England, Italy, Sweden, and
Japan). The earliest study began in 1997, whereas the most recent study was conducted in 2021.

The most commonly used BPs in the case group were zoledronic acid, clodronate, and
ibronate. The control group received hormone therapy, cytostatic treatment, endocrine
therapy, chemotherapy, goserelin, tamoxifen, or anastrozole.

Review findings

Twenty-one studies were identified as eligible for this systematic review and meta-analysis.
We categorized and analyzed whether the study designs were RCTs or others. The results of
this study are summarized in Tables 2 and 3.

HR with corresponding 95% ClIs for each study and the combination of all included studies
are presented in Figures 2-6, and Supplementary Table 1, respectively.

According to the study findings, seven studies reported DFS, eight studies discussed OS, and
two, three, and five studies investigated other outcomes including locoregional, bone, or
distant metastasis, respectively.

Meta-analysis findings

DEFS based on the study design was analyzed using five eligible RCTs and two non-randomized
(cohort) studies. Although the results showed that the HR was statistically significant at 0.89
(95% CI, 0.83-0.97; p = 0.005), in subgroup analysis based on the study design, there was no
statistically significant difference for included non-RCT studies (Figure 2). The HR for OS

https://doi.org/10.4048/jbc.2022.25.e39 459



JBC

Bisphosphonates and Prevention of the Perimenopausal Breast Cancer

(a8ed 3xaU BY3 01 panuIU0D)

1L :]0J3U0d e
‘L :dg :940W 10 pasiwopuel
5 0S 5635 Adesayowayo ‘pa])043u0d
01 :1043U02 ‘8l :dg :£-L Sieak g Joj Ajrep Sw - Adesayy -ogaoeyd [63] 18
- - - 9¢€ L'06 S§G9°L  959°L - <6Y TEPON  009°L ‘®3euoJpo]d auloopuy  ‘aJjusdinig VSN GLOG 18 uosialed 9
6G Al ‘835 198
!l ‘€3G I :1043U0D
8S Al ‘866
1 ‘0S8 1l “G¥S I :dg
a3e1s RTENTREYS
L09 2 ‘€€0°L JO Siedh g 939)dwod
1€-1 ‘G 10 1]0JIUOD 03 SBSOP BAY J0}
09 < syjuow 9 Aiana
09 TrOL:€-L0£:0:da  pue ‘sesop 3ie
:—g43H JPON 0} syjuow g A1ana
1444 ‘€66 (+gdaH L8L 11l ‘80L  ‘S8SOP XIS 144 dY3
9G€ :-43 ‘SIEL  :—Yd ‘669 joJ3uod I ‘Ll 1] ©1043U0D J0) SH9IM -€ Alana Adesayy
1+43 :)0JIU0D :+Yd 040D 8%9 G9L  99L G9L:1Il A)snouanesjul usnig olWaIsAs ¢ aseyd
0S¢ 43 %8€:-dd :-GYIH ‘T6L 9S04 1150d  €S°L :350d ‘LEL 211 ‘9L 1] :dg PIOE dluoIpajoz Sw jueAnfpe  ‘pe]joauod [1€] e
‘BLEL :+HT :dgd “SGL :+Hd :dgd +gH3IH :dg 09 LLL 8L9°L 189°L  ‘€0S°L:aid >8l JPEIH ¢ ‘pIdoe dlU0IPdI0Z pJepuels  paziwopuey AN 8LOG 18 Uuews)0) §
(syauow 9
08 € 4 K1ana Alsnousnesjul  9)0zoJiseue
818 :]0JU0D  :)0JIU0D 11S0d  :1S0d  86L1:9Md  S'Sk uanI8 8w 4 ‘uajIxowel [9g] 18
‘GEg 19se) ‘€08 :9se) - 9¢€ v'v6 €06 006 ‘G 13s0d 14 €1-LL ‘pIoe dlu0Jpa)0Z ‘ul)aJeson 104 Areyl 105 19 ueuy
603 €9 '0d oam/3w
‘18¥ 13DLD :101U0D oz BYRUOIPUS|E JO
L8 :0d Kep/3w 009°L
€D 399 :3DLD :dd s3RUO0IPO)D ‘SyIOW
SPEISOIS0IOISTH ¢ f1ana Al Sw 9 01
LLG 3w 40 ‘Od Yyuow
:1043U0D ‘00% :d9 N /8w 051 ‘Od Aep
€l /3w 0g a1eUOIpUEq]
1104309 ‘LES :d9 :ON ‘reak sad sawn
LIS TEPON  aa4y3 03 oM} Al Sw
:]043u0d 666 :1013U0d ¥ p1oe 21u0Ipa)0Z
‘0SL :dg ‘LLE :d9 ¥ 10 ‘€ BL pI1oe dluoJpa)oz
0€9 :—g43IH LOv ‘ayeuospueql Adesaylowayd
0€£9 :]013U0D 10J3U0D  GZ:]043u0D 69  :1043U0D ‘079 :d9 :LL 9}BU0JPO)D - Adesayy [oa]
‘LE6 :95€D /€6 :9SBD  ‘Ggl :9sed s¢ ¥6-gL  0£9  LE6 - -5'6S ferscany ‘91eU0IpUdY auIoopug  aARdadsoslay Auewssn €10g 118 IlpeH €
Adesayy
8L 68 auowJoy Jeuy || aseyd
11S0d  :1S0d 6% :8.d SvS ‘Juswiealy  paziwopuel |
- - - 9 6¢ L7l L ‘L0L:1s0d  -L'€S £€9-19 a1eu0Ipa)ozZ 211e15014D -UON Auewlian 0LOG 1B 1930Bd o
8¢ :alll “vLL
603 Sve VI “‘PSL gl ‘6635
=43 ‘695°L —Hd ‘LELL VIl ‘88L 1 :1043U0D
++43 1)0J3U0D :+Hd :104U0D 19¢°L  99% 9 :dlll “€g VIl ‘SL 9]euo.lpe)oz
LE —43 99 -dd 13s0d  11S0d L6l ‘8id gl ‘LS VIl ‘BLL Il dg ‘@1euoipasii Adetayn [83]
LSG :+d3:d9 8EG i+Yd :dg - [ 4 8'LL LIS°L c0€ 16S°1:3s0d  &'¥9 B98eIs 00TV ‘9jeuolpualy auowloH  Apmis 1oyod VSN LLOG "1e 18 8ploy |
(uow)
asndgjo (uow)  (u) (u) a3e J8oued dnou3 j0.qu0d
Y3 Yd g4aH uoileln@ N/4 1043U0D BSEBD UOIIBNJISUSN UBS 1sealuq Jo adAL dg jo adAL jouawidaiayl udisep Apnis  Aiunod Jeap  Joyiny  #

SO13S11930BIBYD ,SBIPNIS PapNIdUl YL *g djqel

460

//doi.org/10.4048/jbc.2022.95.639

https

://ejbc.kr

https



JBC

Bisphosphonates and Prevention of the Perimenopausal Breast Cancer

(a8ed 1xaU BY3 01 panuIU0D)

(1945 Jad s>209Mm gl)
3nJp ou Jo s¥9am 0L

Aq pamoy)oy sxeem
5 104 Alrep p/3w

0 L% 0€ 91eu0.Ipasy pa110.J3u0d
13s0d  :3S0d €6 :1S0d 1840 $8)942 1yB19 -0gaoeld [6L] e
- - - 9¢€ 9€ 9% LG ‘0 :aid §G-9€ - ‘9yeuolpasiy 0¢ade|d ‘pung-sjqnoa AN L66L 18 sewieqd vl
Apnis |1) aseyd
sseak ‘aJ3uadNW
% 01 dn 1o} sy@am ‘dnos3
Sl - K1one “(p51L = u) -1o)esed
:gdo (8w 9) areuoipueq| Adessyiowsyd ‘pe11041u0d
¥SL :5dD “(SL=u) (Bw Juawileal -oqaoeld [Lg]
- - - g6l £9%L  8sL  :dp - €SS - g) e1euolpueq) :1do auudopuy  ‘pung-sjgqnoa VSN €00% ‘e 18 Apog €L
19G :-43 ‘S8  9€L :-Hd VS 89L :11ID ‘60T
1+Y43 $)0JIU0D :+Yd 10430 991 oSl 19 ‘€3 11D :]0J3U0D sieak
8L :—43 el :-Hd :20d  :350d 8le 69 LSL:ND 404 Ajrep 8o1ma Bw 1eL1 eaiund [8€] e 30
69 :+d3:dd IS :+Ydd :dd - 9€ > 0oL €617 09% :1S0d ‘¥€9 :8dd 033 6E  ‘I8L:ID ‘SE 1D :dd 0GL “@Jeuoipiwed 430 4WD  paziwopuey USPAMS 800G USsSudISL) gl
83 :-43 (sesop
‘pg +u3 -Hd ‘lE 63 111D ‘8% LL1e103) Jeak | 1oy
0J3U0D  i+Yd :]0JIU0D 9% 66 1D ‘G 11D 0u0D  Syeam ¢ A1ans 10z e g aseyd
8% :-43 I—¥d oL :]oJ3u0D 11S0d  :3s0d [1e} IS} snouaAe.ul 3w 19Xe3900p  ‘pasiwopuel [ze]
‘e +¥3 1d9 VG :i+tHd dg  ‘€L:8seD ol 09 65 09 :1s0d ‘v9 :8dd 95-8L ‘06 :119D L 1D :dg ‘pIoe dluoJpal0Z ‘uroignaids “8qe) uado VSN 0L0G ‘el YV LL
S :lIIL ‘S0€ e
9€L:-43 ‘0¥ SL:-Yd ‘9Ll G°OL  :IIL ‘€L 1L :j01u0D pa)]0J1u0d
+§3 1]043U0D :+Yd :]043U0D v 595 F L3S 8 :llIL Jeakg -ogaoeid
9€l :-43 6L :-4d :3s0d  ‘1s0d  6€S :1s0d 9'0L ‘YOS :IIL LEL:IL :dg ' Suunp Aep/3w usjixowe] ‘puljg-81qnop [ve] 1e
‘G¥G :+43 :d9  ‘GlL :+Yd :dg - 149 G'L9 6€9 0€s ‘0€S :a.d *8'6S £-T98eIS  009°L ‘@3euoipol) Adessyiowsyd  peziwopuey AN 900G 18 S8IMOd OL
SEEN
L Joj Apjoam sawify
7-€ (8w ¥) pioe
o1uo0Jpaoz (aniisod
apou se pauyap
Aeoiojoyred
10 Aj1eoai18010140
puB WO 0’32 L 40
‘9A1Ie39U BpOU  S98M £ 10) Apjeam
0 :1013u0D puewd 0'€3 L)  sawn H-¢ (Bw +) Joxe)oed 1w || eseyd [L3] e
- - ‘0:seD  09-9¢  9¢ 56 €6 - 0L-0% am-vi ‘pIoe dluoipa)oz 001034 peziwopuey  ueder LLOG 10 BMBIYS| 6
GE 1)043U0D
83 :—GYIH ‘GE :dg :~1ePON
‘G +gY3IH 9 :]0J3U0d syjuow g Apmis
¥ :—-43 ‘0¢ LL :-¥d ‘S :]0J3U0D ‘Y7 :dg9 :+]BPON  J0J SY3aM Kiane J31us2-1)1nw
+Y3 :)0JIU0D :+Y¥d :1043U0D o€ 65 9% S Il G :11/1 )043u0D p1oe o1uoipajoz Adessylowayd 19qe)-uado
G:-¥3 1L :-Yd :—g43H ‘s 11S0d  :1S0d L€ :150d ‘ee :l/1 :dg SNouaAeJIIU| jJuswWaieas}  paziwopued [+7e]
‘0S:+43:d9  bG:+Yd :d9 :+gH3IH :dg 174 88 o (012 ‘GG :ald - Sutpern ‘pIoe 21U0IPaI0Z aulioopul payoJauod Auewltan €10z “1e 32 skueg g
e
Gg9 :)0J3U0D 86 :]0J3U0D [ UBJIXOWe}  pasiwopuel [og] e
- ‘OvE :9sBD) ‘L :8SeD 09 ¥9 OlL  SS€  §90°L:8ld  ~Lv¥ €9-19 pIo€ 21U0.Ip3)0Z ‘910204397 € aseyd Ae1l 6105 18 8UOLIR] L
(uow)
asndgjo (uow)  (u) (u) a3e J8dued dnou3 j0.u00
E} dd %43aH uolledn@ N/4 100D BSeD UOIBNIISUS|Y UeBd  3sealq jo adAL dq Jo adAL jouswiSasayl uBisep Apnis Anunod Jeap  Jdoyny  #

SO13S14930BIBYD ,SBIPNIS PapNjoul YL (panuiuod) g ajqeL

461

//doi.org/10.4048/jbc.2022.95.639

https

://ejbc.kr

https



JBC

Bisphosphonates and Prevention of the Perimenopausal Breast Cancer

(e3ed 1xau Y3 03 panunuo2)

IS ‘8
:1IS ‘68 IS :1043u0)
I/
‘1€ :IIS ‘6€ IS :d9
o3eTs

¥ €N ‘6 ‘N ‘SS
:IN ‘06 :ON :]043u0D

0 :EN LN
‘0G :LN ‘0S :ON :dg
98eIS N
Gl ‘qS
gl ‘LOL tLL :]043u0D
L:€L
‘6L:GL LS (1L dg
it syjuow 9 03 ¢
OL:—H3H ‘8L 6l Kians Ajsnousaeiyul
+43H 1043U0D 8GL  LL ‘OEL 111 4O | :1013U0D paJaisiuiWpe
€:-HaH ‘YL BEL:0JU0D OF :]0J3U0D 13s0d  :1S0d : 140 | :dg Sem vz Jo Sw ¥ sloqIyul [ea]
+Y3JH :9seD ‘P9 :iased  ‘glL:iased (% 89 851 LL GEG:1S0d  L§-9S IpeI3 JI3010TSTH ‘pIoe 21U04PRI0Z asejewoly 9A130adsol1ay BAIOY ¥10G ']B 30 UYV 8L
€€:1-43 L6  ¥¥:-Yd ‘98 6:€1 99
1443 1]0JIU0D :+YHd :]0J3U0D %9 oL 15l ‘99 L1 :1043U0D 1elL
8 :-y3 9 :-dd :350d  :150d 8yl 6:€L sseaf ¢ .oy Ajrep Sw pajjoiuod [sel e
‘G8:+Y43:d9 OL:+Yd :d9 - 9¢€ (014} evl 6EL :9id ‘PEL:ISOd  GS ‘691Gl ‘1L lL:dd  009°L ‘@3euoJpol1D 4dWND  paziwopuey puejuld{ E00¢ 19 OlieesS LL
e
$]0JIUOD ‘b :dg 11D
36 :1043U0D
‘€6 :dd :11 40 ‘1D
6L ‘GN 10
LN ‘99 0N :1043u0)
08 3N
10 LN ‘LL :ON :dg
TEPON Apnis
¥€:-43 ‘v8 G :-Hd GL 9 iYL ‘8L:EL L9 s1eak omi 1oy pa)]0J1u0d
+Y43 :)01IU0D :+Yd :1043U0D 88 oL 1Bl ‘vS 1L :j0au0) Aep Jad 83eU04PO)D -oqaoejd-uou
GE --43 LS -4d :3s0d  :1sod €Ll OL L “LL JeJo Jo 3w 009°L 430 WD ‘paziwopuel [eg]
‘POL:+Y3 :d9 ‘G8 :+Ydd :dd - 149 9¢€ Sl LSl 19)d ‘68L:1s0d IS €L ‘LL Gl ‘6S:LL:dd9 91eU0IpO1D ‘usjixowe]  ‘ennnoadsold Auewsso 866l "B 391910 9L
(308183 3is14
y31y 4o ainjoely Joy
Ao paremiur) 10z
pakejap Jo (syuow
9 A1ana Bw ¥ £102) Apnis
8yt  8ch pIoe 21uoJpaloz paziwopuel
11804 :1s0d 9Ll a1eIpaww| ETERT V] [sz] 1B 30
- - - ¥8°LL 9¢ 9€S ¥6S 19d ‘¥88 :3s0d  8S e|||-| 83e1S ‘p1oe dlu0Jpal0Z 9]10z01197 92qe)-uado AN O0L0g uuewiply GL
(uow)
asndgjo (uow)  (u) (u) a3e J8oued dnou3 j0.qu0d
Y3 Yd g4aH uopreiNn@ N/4 10J3U0D BSBD UOIIBNJISUSN UBSN 1sealiq jo adAL dg jo adAL jouawidaiayl udisap Apnis  Aiunod Jeap  Joyiny  #

SO1IS14810BIBYD SBIPNIS PapNIoul 8y L (Penuiuo)) g aqeL

462

//doi.org/10.4048/jbc.2022.95.639

https

://ejbc.kr

https



JBC

Bisphosphonates and Prevention of the Perimenopausal Breast Cancer

"J1o'IN0I0NY pUe ‘udIgnuids ¢

aplweydsoydojoho = 439 {j10eIN0I0N)} ‘B3eX3II0yIBW ‘Bpiweydsoydo)ohd = 44D (el Pa]j0JIu0d paziWopuel = 1Y SO

Jad = Od $482UBD U0 9913IWWO0D JIOf UBdBWY = DIy :103dadai uadouisa = Y3 101dadal auoiaisagoid = Yd g 101dadal 1030.) Ymmosd jewsapida uewny = g43H ‘dn-mo)jo) = n/4 ereuoydsoydsiq = dg

993 :EN ‘39
BN 0LE ‘LN :]013U0D
6€S ‘EN ‘969
BN “L9E°L :LN :dg
SpPON
ThP €D ‘038
13D ‘€€ :1D 11013U0D
€76 :€D
186 13D ‘€9 ‘LD :dd
opETH
pL 1d
‘eoL :e1d ‘255 :g1d
‘0g€ :11d :jo13u0D

L :p1d Jeu j1 eseyd
L9YL 935 €30°L ‘505 :€1d ‘3Ll pajjouod [og] e 1w
1—G43H ‘Sl 11s0d  :3s0d  lEPFL:@ud :g1d ‘gg9 :11d :dg ‘paziwopuel ZYUNMAOUIN
- - “+GH3H dd 14 L'8€ 866 966L ‘6¥S°1:3S0d 09-0% 33ers Jowung leuolpueq| uoneAlssqo “8qe)-uado Auewsn €103 UOA 15
1012u0d
ul 6L g ul L
:=gY3H/-43
1043U0D
urg idg ul L
+5Y3IH/-¥3
1012u0d
Ul 65 ‘dg Ul 93 1043U02 Ul
:-gYIH/+43 63 ‘dg Ul €€ :1Il 8peJD
1043U0D 1043U02 Ul
uIsdgul9 85 dd Ul 05 :1l 9pet(Sasop L 1e101) Jeak
+gdIH/+Y3 9% 10J3U0D | 40} S)oaM € A1ana
€ :)0J3U0D 0ol :]013u0D 66 :1S0d :1S0d +9 :a.d Ul g ‘dg Ul £ 3| 9peJH 10z snouaneul Sw Je13 1eo1uN [6g]
5E 958D - ‘el :ase) oL 6°L9 09 6S ‘G6:1S0d  0S-6t TM=T98eIS  + ‘pIoe d1u04pajoz Adessylowayd  paziwopuey VSN l0G "B 19 UYO03
66 1119 ‘8%
1D ‘G 11D £10J3U0D
€D ul e141 1es1un
‘05 11D ‘L 1D :dd(sesop 18101 LL) Jeak Il eseyd
60 BPETH | 10} syoom ¢ Aiana pa)j01u0d
$€:0J3U0D L€ :)0JIU0D Ol :)043U0D 93 :150d :150d $9 :8.d (LNZ 40 70Z shouanesiul 8w -oqaoeyd [1g] e
‘g€ 958D ‘vG:9SeD ‘el :8sed al 8oLl 65 09 ‘G5:350d  6b-Lv /pUBGIR) lll-11 831 ¥ ‘pIoe djuoipajoz Adessylowsyd  paziwopuey VSN 1g0g 12 ynojjer 6L
(uow)
asndgjo (uow)  (u) (u) a3e Jaoued dnoig jo.qu0o
E| Hd 4IH uopeIn@ N/4 10JU0D 8SeD UOIBNIISUSY UBdW 1sealq jo adAL dg jo adAL jouswidaiayl uBisep Apnis Anunod Jesp  Joyiny  #

SO13S14930BJBYD ,SBIPNIS Papnjoul ayL (Panuiuod) g aqeL

463

//doi.org/10.4048/jbc.2022.95.639

https

://ejbc.kr

https



Bisphosphonates and Prevention of the Perimenopausal Breast Cancer

BC

Table 3. The data extraction table of the effect of BPs on the study outcomes

Author Recurrence Locoregional Recurrence Metastases Bone Distant Death
recurrence distant metastases metastases
Case Control Case Control Case Control Case Control Case Control Case Control Case Control
Korde et al. [28] - 6 88 15 294 - - - - - 20 288
Rack et al. [22] 3 31 - - - - - - - - 2 15
Hadji et al. [20] 69 137 - - - - - - - - - 44 91
Gnant et al. [26] = = 25 40 67 58 44 45 - - = = 0 4
Coleman et al. [31] - 10 106 403 431 - - 224 188 - - 62 63
Paterson et al. [29] - - 53 53 90 13 - - - - - 34 30
Perrone et al. [30] - 4 24 - - - 19 64 8 28
Banys et al. [24] - - 1 4 - - - - 3 5 1 5
Ishikawa et al. [27] - 2 5 15 14 - - - - - - 6 4
Powles et al. [34] - - - - - 130 167 51 72 - - 98 129
Aft et al. [32] - - - 14 14 - - - - -
Kristensen et al. [38] - - - - - - - 93 88 - - - -
Body et al. [37] - - - - - Gp1:101 105 Gp1:59 53 Gp1: 16 25
Gp2: 106 Gp2: 35 Gp2: 23
Delmas et al. [19] 1 1 - = - - = = - - = = 1 1
Eidtmann et al. [25] - 2 10 20 30 - - - - - - n 18
Diel et al. [33] - - - - - 46 94 12 25 21 42 6 29
Saarto et al. [35] - - - 76 60 44 42 27 15 60 47
Ahn et al. [23] - - 0 4 - - - - 1 19 - -
Jallouk et al. [21] 31 33 - - - - - - - 25 20
von Minckwitz et al. [36] - - - - - 619 379 - - - -
Hazard Ratio Hazard Ratio Risk of Bias

Study or Subgroup  log[Hazard Ratio] SE Weight IV, Fixed, 95% CIl IV, Fixed, 95% CI ABCDETFG

3.1.1RCTs

AftR 2012 -1.01888 0454773  0.8% 0.36([0.15, 0.88] @227 ®

Coleman.R 2018 -0.06188 0.058342 44.4% 054 [0.84, 1.06] =® @2029720

Gnant 2014 -0.26136 0103435 146% O0.77[063,094] — 727272878

minckwitz.G 2013 -0.06188 0104537 14.3% 094[0.77,1.15] —r @2272878@

Patersan A 2017 008431 0080643 24.0% 091 [0.78, 1.07] -t L LI 11 B4

Subtotal (95% CI) 98.1% 0.90 [0.83, 0.97] L

Heterogeneity: Chi®=7.04, df =4 (FP=013;F=43%

Test for overall effect, £2= 268 (P =0.007)

3.1.2 non-RCTs

Ahn 5.6 2014 213026 0980185 07% 012[002 084 —————— 9000& @

Hadji.F 2013 022314 0300241 1.7% 0.80[0.44,1.44] —_— 0000886

Subtotal (95% CI) 1.9% 0.68 [0.39, 1.20] —ai

Heterogeneity: Chi®= 3,36, df=1 (P=0.07), F=70%

Test for overall effect £=1.33 (F=018)

Total (95% CI) 100.0% 0.89[0.83, 0.97] L ]

Heterageneity, Chi*= 1130, df= 6 (P=0.08); F= 47% D=2 D=5 é é

Test for overall effect, 2= 2.84 (P = 0.004) ' ’ BP contral

Test for subgroup differences: Chi=091, df=1 (F=034), F=0%

Risk of bias legend

(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)

(C) Blinding of paricipants and personnel (performance hias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)
(G) Other bias

Figure 2. Forest plot for the bisphosphonates’ role in DFS. Square markers indicate effect sizes of each study; horizontal lines, the 95% CI. The diamond data

marker indicates the summarized effect size.

DFS = disease-free survival; CI = confidence interval; HR = hazard ratio; SE = standard error; IV = generic inverse variance method; RCT = randomized controlled trial.
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Hazard Ratio Hazard Ratio Risk of Bias

Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% CI I, Random, 95% CI ABCDETFSG
2.2.1RCTs

AR 3012 088 049 29% 0.38[0.14,0098 ———— 9272829
Colerman.R 2018 -0.08 006 215% 0.82 [0.82, 1.04] —=r @r@z@728
Gnant 2014 041 022 97% 0.66 [0.43,1.02] — 7?7727 @7?7@
minckwit.G 2013 -0.04 015 14.3% 0.96 [0.72,1.29] —r— @22282@
Paterson A 2012 047 041 178%  0.84 068, 1.05] —=— 2990090720
Powles T 2006 026 013 168% 077 [0.60,0.89) —— (111 1RH ]
Subtotal (95% CI) 81.5% 0.85 [0.75, 0.96] <&

Heterageneity: Tau®= 0.01; Chi*= 680, df=5(FP =024, F=27%
Testfor overall effect 2= 2.61 (P =0.009)

2.2.2non-RCTs

Hadji.P 2013 087 019 11.4% 0.7 [0.29, 0.82] —_— [ 111 EaEaE
Korde.LA 2017 081 028 TA% 0.40[0.23,0.70] +———— L 111 EaEaEs
Subtotal (95% CI) 185%  0.51[0.37, 0.69] B

Heterogeneity, Tau®= 0.00; Chi*=1.01, df=1 (FP=0.31); F=1%
Testfor overall effect: £=4.28 (P = 0.0001)

Total (95% CI) 100.0% 0.75[0.63, 0.89] L
Heterogeneity: Tau®=0.03; Chi*=18.80, df= 7 (F = 0.009);, F=63%
Testfor overall effect: 2= 3 28 (P =0.001)

Testfor subgroup differences: Chi*=8.26, df=1 (F=0.002), F=89.2%
Risk of bias legend

(A) Random sequence generation (selection hias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance hias)

D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition hias)

(F) Selective reporting (reporting hias)

(G) Other hias

0& 0.7 18 2
BF control

Figure 3. Forest plot for the bisphosphonates’ role in 0S. Square markers indicate effect sizes of each study; horizontal lines, the 95% CI. The diamond data
marker indicates the summarized effect size.
0S = overall survival; CI = confidence interval; HR = hazard ratio; SE = standard error; IV = generic inverse variance method; RCT = randomized controlled trial.

was 0.75 (95% CI, 0.63-0.89; p=0.001) (Figure 3). The HR for bone metastases was shown in
Figure 4. According to the results, the overall HR was 0.74 (95% CI, 0.64-0.85; p < 0.0001).
The HR was significant (HR, 0.75; 95% CI, 0.64-0.86; p < 0.0001) for bone metastasis in the
included RCTs, only (Figure 4). The HR for locoregional recurrence in women who received BPs
was 0.64 (95% CI, 0.42-0.97; p=0.04) (Figure 5). In addition, the analysis results showed that
the HR was 0.77 (95% CI, 0.62-0.94; p=0.01) for distant metastasis (Figure 6).

DISCUSSION

The results of this systematic review and meta-analysis showed that among 21 studies, BPs
had a promising effect on DFS, OS, and bone metastasis among perimenopausal women
survivors of breast cancer.

Evidently, breast cancer is a concern not only in the Western world but is one of the
most common cancers among women in the developing world because of increased life
expectancy, urbanization, and adoption of Western lifestyles. With early diagnosis and
improvement in the treatment of breast cancer, survival has increased significantly. The
overall survival rate of patients with breast cancer varies worldwide. Generally, it shows

https://ejbc.kr https://doi.org/10.4048/jbc.2022.25.e39 465
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Hazard Ratio Hazard Ratio Risk of Bias
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Fixed, 95% CIl IV, Fixed, 95% CI ABCDETFG
52.1RCTs
Coleman.R 2018 -0.27444 0096595 A8.2% 0.76[0.63, 0.92] . B @@ 7878
Ghant 2014 -0.27444 0258018 B8.4% 0.76[0.46,1.24] — rr22@2@
Patarson.A 2012 026136 0152509 23.4% 077 [0.57,1.04] —=— aeeeere®
Powles. T 2008 -0.60514 0285117 6.7% 0.55[0.31,0.95] S LT I 11 B |
Subtotal (95% Cl) 96.6% 0.75 [0.64, 0.86] &
Heterogeneity: Chif=128,df=3 (P =073}, F=0%
Test for overall effect, £=3.92 (P =< 0.0001)
5.2.2 non-RCTs
Korde.LA 2017 S0EI4E5 0380714 34%  0.53(0.24,1.16] S L 1 1 1 LT
Subtotal (95% Cl) 3.4% 0.53[0.24, 1.16] —aali—
Heterogeneity: Mot applicable
Testfor overall effect 2=159 (P=0.11)
Total (95% CI) 100.0% 0.74 [0.64, 0.85] »
Heterogeneity: Chif=1.99, df= 4 (P = 0743 F= 0% Dl2 nls 2 5
Test for overall effect, £=4.15 (P =< 0.0001) ’ ’ BP control

Testfor subgroup differences: Chi=0.70, df=1 (P =040, F=0%

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of paricipants and personnel (performance hias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Figure 4. Forest plot for the BPS’ role in the prevention of bone metastasis of breast cancer in the perimenopausal period. Square markers indicate effect sizes of
each study; horizontal lines, the 95% CI. The diamond data marker indicates the summarized effect size.
BP = bisphosphonate; CI = confidence interval; HR = hazard ratio; SE = standard error; IV = generic inverse variance method; RCT = randomized controlled trial.

improvement due to early diagnosis at an earlier and localized stage, improved surgical
techniques, and the availability of adjuvant treatment regimens. Stage I/II (only spreading to
the tissues or nodes under the arm) breast cancer has a higher rate of five-year survival rate
of approximately 80%—-90%. However, in the distant stage (spreading to the distant lymph
nodes or organs), this rate decreases to 24% [40].

BPs are analogs of endogenous pyrophosphates that replace carbon atoms instead of the
central atom of oxygen. In vivo studies have shown that BPs are potent inhibitors of osteoclast-
mediated bone resorption, which bind strongly to hydroxyapatite on the bone surface, and
decrease the serum calcium concentrations in malignancy-related hypercalcemia.

The mechanisms by which BPs prevent osteoclast-mediated bone resorption involve the
inhibition of osteoclast formation from immature precursor cells, apoptosis induction

of mature osteoclasts, or direct inhibition of resorption. Furthermore, they inhibited the
progression and development of bone metastases in a mouse model of breast cancer [41].

In recent years, the role of BPs in skeletal-related events in patients with breast cancer and
metastatic bone disease has been investigated [42,43]. BPs increase the bone mineral density
of lumbar and hip joints in premenopausal and postmenopausal women with breast cancer
[44,45]. Other roles of BPs have been reported in previous studies, including antitumor effects,
apoptosis, reduced proliferation, and inhibition of tumor cell migration and invasion [46].
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Hazard Ratio Hazard Ratio Risk of Bias
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Fixed, 95% CI I, Fixed, 95% CI ABCDETFG
7.1.1RCTs
Coleman.R 2018 -0.26136 0153403 435% 077 [0.57,1.04] —H 202020
Gnant 2014 -018633 017EB23 36A4% 083[0459,117)] — 7772 @71@®
Subtotal (95% CI) 85.0% 0.80[0.63, 1.00] P
Heterogeneity: Chif= 010, df=1{(P=0.78), F=0%
Testfor overall effect £=1.98 (F =0.09)
7.1.2 non-RCTs
Karde LA 2017 -0.47804  0.27549 15.0% 0.62 [0.36, 1.06) — L 1 1 1 L]
Subtotal (95% CI) 15.0% 0.62[0.36, 1.06] ol
Heterageneity: Mot applicable
Testfor overall effect Z=1.74 (P =0.08)
Total (95% CI) 100.0% 0.77 [0.62, 0.94] &
Heterageneity: Chl==. 080, df=2(P=0E7), F=0% IZI'.1 sz Dfﬁ ﬁ é 1'D
Testfor overall effect £=2.50(P =0.013 BF control

Testfor subgroup differences: Chi*= 069, df=1 (FP= 040, F=0%
Risk of bias legend
(A) Random sequence generation (selection hias)
B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance hias)
D) Blinding of outcome assessment (detection hias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Other hias
Figure 5. Forest plot for the BPs’ role in the prevention of distant metastasis of breast cancer in the perimenopausal period. Square markers indicate effect sizes

of each study; horizontal lines, the 95% CI. The diamond data marker indicates the summarized effect size.
BP = bisphosphonate; CI = confidence interval; HR = hazard ratio; SE = standard error; IV = generic inverse variance method; RCT = randomized controlled trial.

Hazard Ratio Hazard Ratio Risk of Bias
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Fixed, 95% CIl IV, Fixed, 95% CI ABCDETFG
6.1.1RCTs
Gnant 2014 -0.43078 0.246194 7F57% 0.65([0.40,1.05] bl ?.?.
Subtotal {95% CI) 75.7% 0.65 [0.40, 1.05]
Heterogeneity: Mot applicable
Test for overall effect, £2=1.75 (P = 0.08)
6.1.2 non-RCTs
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Figure 6. Forest plot for the BPs’ role in the prevention of locoregional metastasis in perimenopausal women with breast cancer. Square markers indicate the
effect sizes of each study; horizontal lines, the 95% CI. The diamond data marker indicates the summarized effect size.
BP = bisphosphonate; CI = confidence interval; HR = hazard ratio; SE = standard error; IV = generic inverse variance method; RCT = randomized controlled trial.
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Recently, the administration of BPs as adjuvant therapy has been recommended for
postmenopausal patients with breast cancer. However, the final decision of its administration
should be made during consultation between the patient and oncologist, considering the
recurrence risk and the adverse effects [47].

A previous EBCTCG meta-analysis found a beneficial effect of BPs in all subgroups of
postmenopausal patients; however, the absolute benefit was small [48], and reportedly, in patients
with a low risk of recurrence, the administration of BPs has a low clinically meaningful effect [47].

The most recommended BPs for adjuvant therapy in breast cancer are zoledronic acid and
clodronate. In the studies included in our meta-analysis, these two agents were commonly used.

According to the results of the SWOG S0307 trial, clodronate, ibandronate, and zoledronic
acid may provide similar DFS and OS benefits [49]. Owing to the limited number of included
studies, we could not perform a subgroup analysis on the type of administered BPs.

The EBCTCG meta-analysis found that clodronate in postmenopausal patients (1,600 mg/d
for 2-3 years) (4.6% vs. 7.0%; relative risk [RR], 0.57; 95% CI, 0.41-0.79; p = 0.0007) and
zoledronic acid (3.4% vs. 4.5%; RR, 0.73; 99% CI, 0.53-1.00) significantly reduced bone
recurrence [48]. However, we did not observe any significant reduction in bone recurrence in
our meta-analysis. This may be attributed to the absence of a subgroup analysis in our study,
including women in the perimenopausal period.

Regarding the study inclusion criteria in the current study, BPs show promising effects on DFS,
OS, preventing mortality, and bone metastasis among perimenopausal women survivors of
breast cancer. However, we could not identify any role of BPs in the subgroup analysis of only
RCTs, except for that in bone metastasis. The present study had certain limitations. First, we
analyzed the data of RCTs and cohort studies. We limited our keywords to the postmenopausal
period; however, our results showed that in some of the included studies, the authors did

not report the recurrence rate or metastasis in the pre-or postmenopausal period. Therefore,
we manually searched again to retrieve other studies on the perimenopausal period. We did
not perform a subgroup analysis for the post-menopausal period, duration of follow-up, and
the dosage used, or regarding the hormone receptors or HER2 status, owing to the limited
number of studies that reported them for our desirable outcomes, and only mentioned them in
a narrative form, which may affect the results of our meta-analysis. Another limitation was the
lack of subgroup analysis for the type of BPs or the study design.

In conclusion, the results of this meta-analysis suggest a promising effect of BPs on DFS,
OS, locoregional, distant, and bone metastasis among perimenopausal women survivors of

breast cancer. This study might help convey information to clinicians and patients regarding
the rational use of BPs in the prevention of breast cancer recurrence.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
The amount of reported HR of the included studies

Click here to view
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Appendix 1. Search Strategy of Embase

Search Query Items found
#1 Search: "Breast Neoplasms"[Mesh] Sort by: Most Recent 300,442
#2 Search: ((((((((((("breast cancer"[Title/Abstract]) OR ("breast cancer recurrence"[Title/Abstract])) OR ("breast gland cancer"[Title/ 314,004

Abstract])) OR ("breast gland neoplasm"[Title/Abstract])) OR ("mamma cancer"[Title/Abstract])) OR ("mammary cancer"[Title/
Abstract])) OR ("mammary gland cancer"[Title/Abstract])) OR ("breast tumor"[Title/Abstract])) OR ("breast neoplasm*"[Title/
Abstract])) OR ("breast carcinoma*"[Title/Abstract])) OR ("cancer of breast"[Title/Abstract])) OR ("cancer of the breast"[Title/
Abstract])

#3 Search: (("Breast Neoplasms"[Mesh]) OR (((((((((((("breast cancer"[Title/Abstract]) OR ("breast cancer recurrence"[Title/Abstract])) 392,388
OR ("breast gland cancer"[Title/Abstract])) OR ("breast gland neoplasm"[Title/Abstract])) OR ("mamma cancer"[Title/Abstract])) OR
("mammary cancer"[Title/Abstract])) OR ("mammary gland cancer"[Title/Abstract])) OR ("breast tumor"[Title/Abstract])) OR ("breast
neoplasm*"[Title/Abstract])) OR ("breast carcinoma*"[Title/Abstract])) OR ("cancer of breast"[Title/Abstract])) OR ("cancer of the
breast"[Title/Abstract]))) OR ("postmenopausal breast cancer"[Title/Abstract])

#4 Search: "Diphosphonates"[Mesh] 26,236

#5 Search: (((biphosphonate*[Title/Abstract]) OR (Diphosphonate*[Title/Abstract])) OR ("bisphosphonic acid derivative"[Title/Abstract])) 22,370
OR ("diphosphonic acid derivative"[Title/Abstract]) OR (Bisphosphonate*[Title/Abstract]))

#6 Search: ("Diphosphonates"[Mesh]) OR ((((biphosphonate*[Title/Abstract]) OR (Diphosphonate*[Title/Abstract])) OR ("bisphosphonic 35,244
acid derivative"[Title/Abstract])) OR ("diphosphonic acid derivative"[Title/Abstract])) OR (Bisphosphonate*[Title/Abstract]))

#7 Search: "Recurrence"[Mesh] 187,331

#8 Search: recurrence*[Title/Abstract] 331,688

#9 Search: ("Recurrence"[Mesh]) OR (recurrence*[Title/Abstract]) 470,808

#10 Search: (((("Diphosphonates"[Mesh]) OR ((((biphosphonate*[Title/Abstract]) OR (Diphosphonate*[Title/Abstract])) OR ("bisphosphonic 209

acid derivative"[Title/Abstract])) OR ("diphosphonic acid derivative"[Title/Abstract]))) OR (bisphosphonate*[Title/Abstract])) AND
(("Breast Neoplasms"[Mesh]) OR (((((((((((("breast cancer"[Title/Abstract]) OR ("breast cancer recurrence"[Title/Abstract])) OR
("breast gland cancer"[Title/Abstract])) OR ("breast gland neoplasm"[Title/Abstract])) OR ("mamma cancer"[Title/Abstract])) OR
("mammary cancer"[Title/Abstract])) OR ("mammary gland cancer"[Title/Abstract])) OR ("breast tumor"[Title/Abstract])) OR ("breast
neoplasm*"[Title/Abstract])) OR ("breast carcinoma*"[Title/Abstract])) OR ("cancer of breast"[Title/Abstract])) OR ("cancer of the
breast"[Title/Abstract])))) AND (("Recurrence"[Mesh]) OR (recurrence*[Title/Abstract]))

('breast cancer'/exp OR 'advanced breast cancer':ti,ab OR 'breast cancer':ti,ab OR 'breast cancer recurrence':ti,ab OR 'breast gland cancer':ti,ab OR 'breast
gland neoplasm':ti,ab OR 'mamma cancer':ti,ab OR 'mammary cancer':ti,ab OR 'mammary gland cancer':ti,ab OR 'breast tumor'/exp OR 'breast gland
tumor':ti,ab OR 'breast gland tumour":ti,ab OR 'breast mass":ti,ab OR 'breast tumor":ti,ab OR 'breast tumour':ti,ab OR 'female breast neoplasm':ti,ab OR
'female breast tumor':ti,ab OR 'female breast tumour':ti,ab OR 'male breast neoplasms':ti,ab OR 'mamma tumor":ti,ab OR 'mamma tumour':ti,ab OR 'mammary
gland tumor':ti,ab OR 'mammary gland tumour':ti,ab OR 'mammary neoplasms':ti,ab OR 'mammary tumor":ti,ab OR 'mammary tumor cell':ti,ab OR 'mammary
tumour':ti,ab OR 'mammary tumour cell':ti,ab OR 'unilateral breast neoplasms':ti,ab OR 'breast neoplasm*':ti,ab OR 'postmenopausal breast cancer'/exp OR
'postmenopausal breast cancer':ti,ab) AND (‘bisphosphonic acid derivative'/exp OR 'biphosphonate':ti,ab OR 'biphosphonates':ti,ab OR 'bisphosphonate':ti,ab
OR 'bisphosphonate derivative':ti,ab OR 'bisphosphonates":ti,ab OR 'bisphosphonic acid derivative':ti,ab OR 'diphosphonate derivative':ti,ab OR 'diphosphonate
series':ti,ab OR 'diphosphonates':ti,ab OR 'diphosphonic acid derivative':ti,ab) AND ('recurrence risk'/exp OR 'recidivation risk':ti,ab OR 'recidivism risk':ti,ab OR
'recurrence rate':ti,ab OR 'recurrence risk':ti,ab OR 'relapse rate':ti,ab OR 'risk recidivism':ti,ab OR 'risk, recurrence':ti,ab OR recurrence:ti,ab)

https://ejbc.kr https://doi.org/10.4048/jbc.2022.25.e39 4792
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