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ABSTRACT

Introduction: Adjuvant endocrine therapy induces bone loss and increases fracture risk in women with
hormone-receptor positive, early-stage breast cancer (EBC). We aimed to update a previous position
statement on the management of aromatase inhibitors (Als) induced bone loss and now included pre-
menopausal women.
Methods: We conducted a systematic literature search of the medical databases from January 2017 to
May 2020 and assessed 144 new studies.
Results: Extended use of Als beyond 5 years leads to persistent bone loss in breast cancer extended adju-
vant trials and meta-analyses. In addition to bone mineral density (BMD), vertebral fracture assessment
(VFA) and trabecular bone score (TBS) were shown to independently predict fracture risk in real life
prospective studies. FRAX® tool does not seem to be reliable for assessing fracture risk in CTIBL. In pre-
menopausal women, there is strong evidence that intravenous zoledronate prevents bone loss but weak
conflicting evidence on reducing disease recurrence from independent randomised controlled trials
(RCTs). In postmenopausal women, the strongest evidence for fracture prevention is for denosumab
based on a well-powered RCT while there is strong evidence for bisphosphonates (BPs) to prevent and
reduce CTIBL but no convincing data on fractures. Adjuvant denosumab has failed to show anticancer
benefits in a large, well-designed RCT.
Discussion and conclusions: Extended use of Als and persistent bone loss from recent data reinforce the
need to evaluate fracture risk in EBC women initiated on Als. Fracture risk should be assessed with clin-
ical risk factors and BMD along with VFA, but FRAX is not adapted to CTIBL. Anti-resorptive therapy
should be considered in those with a BMD T-score < —2.0 SD or with > 2 clinical risk factors including
a BMD T-score < —1.0 SD. In premenopausal women, intravenous zoledronate is the only drug reported
to prevent bone loss and may have additional anticancer benefits. In postmenopausal women, either
denosumab or BPs can be prescribed for fracture prevention with pertinent attention to the rebound phe-
nomenon after stopping denosumab. Adjuvant BPs, in contrast to denosumab, have shown high level evi-
dence for reducing breast cancer recurrence in high-risk post-MP women which should be taken into
account when choosing between these two.
© 2021 The Authors. Published by Elsevier GmbH. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Every year, 1.7 million women are diagnosed with breast can-
cer and 5-year overall survival (OS) is estimated to be 80% or
higher in high-income countries, making it one of the most curable
cancers in the world [1]. This increase in OS is related to improve-
ments in early diagnosis due to the introduction of mammography
screening along with improved treatment regimens for early
breast cancer (EBC) [2]. As expected, breast cancer therapy does
not lack side-effects among which increased fracture risk plays a
significant role. Bone loss with breast cancer treatment occurs
through several treatment modalities such as endocrine therapy
[3-5], the topic of this review, but also through radiation,
chemotherapy and its concomitant medications such as high-
dose glucocorticoids [6]. Therefore, given the increasing number
of breast cancer survivors, a practical approach is needed to pre-
vent deterioration of bone quantity and quality, both leading to
fragility fractures.

Adjuvant endocrine therapy (AET) with tamoxifen (TAM),
gonadotropin-releasing hormone (GnRH) agonists and aromatase
inhibitors (Als) has been the mainstay of treatment in hormone
receptor positive (HR + ) breast cancer [7,8]. These therapies work
by eliminating the effect of estradiol on breast tissue directly or
indirectly but as a side-effect also on bone, thus leading to bone
loss. With regard to bone tissue, TAM has been associated with
opposing effects depending on the menopausal status. In pre-
menopausal (pre-MP) women, TAM decreases bone mineral den-
sity (BMD) possibly by the competitive binding of a weak
estrogen agonist (tamoxifen) against the stronger agonist (estra-
diol) on the estrogen receptors in bone. In post-menopausal
(post-MP) women, tamoxifen has a bone protective or a neutral
effect by acting as an estrogen agonist in bone when the levels of
stronger agonist (estradiol) are extremely low [9,10].

In 2017 a position paper of seven international bone and can-
cer societies was published on Al-induced bone loss (AIBL) [11].

In this current review, we analysed recently published data after
2017 on the use of AET and bone health in pre- and post-MP
women with non-metastatic, hormone receptor positive (HR + )
breast cancer and included novel fracture risk assessment tools
such as trabecular bone score (TBS) and vertebral fracture
assessment (VFA) based on a systematic literature search strat-
egy. The position statement [11] has provided an algorithm for
management of AIBL based on clinical risk factors and BMD in
HR+, EBC women. Based on the novel data from a systematic
search, we aim to assess in this current review whether an
update of the clinical management strategy as outlined in 2017
is necessary, as well as to evaluate how to address bone loss
and fracture risk in pre-MP women with BC.

2. Search strategy

We performed a systematic literature search of the medical
databases, including Embase, Medline and Cochrane Central from
January 2017 to May 2020. The search criteria used the following
key words: “Adjuvant endocrine therapy for breast cancer” OR
“GnRH agonists” OR “Tamoxifen” OR “Aromatase inhibitor” OR
“anastrozole” OR “exemestane” OR “letrozole” AND “bone health”
OR “fracture” OR “bone mineral density” OR “bisphosphonates” OR
“denosumab”.

Among those 1221 identified citations, we considered as high-
quality papers those reporting on well-powered randomized con-
trolled trials (RCTs) and/or meta-analyses, but we also collected
evidence from observational case-control studies and reviews
which could be regarded as low level evidence. During preparation
of this manuscript, one relevant and recently published article was
identified and also included. At the end, a total of 144 papers were
assessed to be included in this review; see Fig. 1 and supplemen-
tary table 1 for the funnelling of the search criteria and number
of the articles assessed per topic Tables 1 and 2
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Fig. 1. Flowchart showing criteria for inclusion and exclusion of studies.

3. Literature evidence

3.1. Adjuvant endocrine therapy and evidence related to bone loss and
fractures

3.1.1. Premenopausal women

Overall, several head-to-head RCTs comparing TAM with Als/
OFS in pre-MP women with EBC reported an increased bone loss
with both classes of drugs with an annual BMD loss up to 11% with
Als/OFS, due to a profound suppression of oestrogen production.
Tamoxifen causes less, but significant decrease in BMD (up to 2%
per year) [12-15]. There is also a deterioration of bone microarchi-
tecture, as confirmed by TBS (2% decrease after 24 months of AET)
[16,17]. Fractures in pre-MP women are either reported in RCTs as
adverse events or observed in case-control studies. In the past,
studies such as the ABCSG-12 trial found no difference in fracture
rates between pre-MP women treated with chemical castration
and Als or TAM at 62 months of follow-up [18]. The updated anal-
ysis of two crucial RCTs, the Tamoxifen and Exemestane Trial
(TEXT) and the Suppression of Ovarian Function Trial (SOFT) from
2019 reported approximately a two-fold increased risk of osteo-
porosis (14.8% vs. 7.2%) and an increased number of fractures dur-
ing treatment (7.7% vs. 6.0%) with an AI/OFS compared to a TAM/
OFS combination [19]. The HOBOE trial (n = 1067) in pre-MP
women with median age 45yrs at randomisation reported no cases
of fractures at 60 months of follow-up, collected as adverse events
[20]. In a prospective case-control study, pre-MP women with EBC
were compared to healthy controls (n = 1761) with regard to their
cumulative fracture incidence (based on ICD codes) up to 5 years of
follow-up. The authors observed higher hazards of fracture inci-
dence (hazard ratio HR 2.67, 95% CI = 1.58-4.53) in women on
tamoxifen (n = 1120) vs. healthy controls and no difference in frac-
ture incidence (HR = 1.63, 0.80-1.33) in women without tamoxifen
(n = 533) vs. healthy controls [10]. Another recent case-control
study reported a 75% higher fracture incidence (HR 1.75, 1.25-
2.48) in pre-MP women on tamoxifen (n = 1817) vs. non-breast
cancer controls (n = 1817) [21]. However, these findings need to

be confirmed in dedicated RCTs in pre-MP women with an opti-
mally long follow-up period.

3.1.2. Postmenopausal women

In post-MP women, Als have been associated with increased
bone turnover and bone loss [22-25], and increased fracture risk
[26-30] in comparison to TAM. A meta-analysis from 2011, includ-
ing 7 RCTs (n = 30,023), reported a 47% higher risk of fractures
(odds ratio, OR 1.47, 95% CI = 1.34-1.61, p < 0.001) with a longer
duration of Als use [31]. A similar increase in fracture risk of 35%
with Als was reported in a recent meta-analysis (n = 20,403) [32]
and 40% (HR 1.40, 95% CI = 1.05-1.87) in a large-scale real-world,
cohort study (n = 36,472), both compared to TAM [33]. Because
of ethical reasons, no placebo controlled RCTs with Als vs. placebo
have been performed but only head-to-head trials with TAM in
post-MP women.

Breast cancer trials (NSABP B-42, DATA, IDEAL, MA.17R and
ABCSG-16) comparing extended duration of Als to placebo or no
treatment further confirmed increased fracture risk as a secondary
outcome due to Als use (see Fig. 2) [34-37]. This has further been
confirmed in a meta-analysis from 2018 including seven RCTs
(n = 16,349) which reported higher odds of fractures (OR = 1.34,
95% CI = 1.16-1.55) with extended Als therapy compared to pla-
cebo or no treatment [38].

3.2. Intervention in adjuvant endocrine therapy induced bone loss in
EBC women

3.2.1. Non-pharmacological

Evidence regarding non-pharmacological measures such as cal-
cium and vitamin D use in EBC to improve bone health is lacking.
Likewise, the evidence on the role of exercise on improving bone
health specifically in breast cancer survivors is relatively scarce.
A systematic review and meta-analysis from 2017 including 1199
patients with EBC from 10 RCTs evaluated the effect of 12-month
exercise programs on BMD. It was found that resistance training
or impact exercises did not improve mean changes in BMD at the
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Major studies and updates from January 2017 to May 2020 regarding anticancer benefits of antiresorptive agents in women with EBC.

Study Population Intervention, n FU, Dose, route of Disease-free survival Overall survival
at study M administration
entry, N
Bisphosphonates Perrone et al, 2019, Pre-MP Tamoxifen = 354 64 ZOL4 mg,Q6M. At 5y: 85.4% vs. 93.2% vs. Deaths (n = 36):
HOBOE trial [20] HR + BC Vs. v 93.3% (p = 0.008) 4.8% vs. 3.1% vs.
Adj Letrozole = 356 DFS events (n = 134): 16.4% 2.3% p=0.14
triptorelin vs. vs. 12.4% vs. 9.0%
Median age: Zoledronate + letrozole = 355 - Zoledronate + Letrozole vs.
45y Tamoxifen: HR 0.52, 95%
N = 1065 Treatment duration 5y CI = 0.34-0.80, p = 0.003
- Zoledronate + Letrozole vs.
Letrozole: HR 0.70, 95%
Cl=044-1.12,p = 0.22
Livi et al, 2019, Post-MP Ibandronate = 89 63 150 mg, Q4W. At 5y: no difference (p = 0.42) OS 93% vs. 97.5%,
BONADIUV trial Osteopenic  vs. Oral p=0.19
[99] HR +BC, Adj Placebo = 82
Al
Median age: Treatment duration 2y
60y
N=171
Gralow et al, 2019  Pre- and ZOL = 2231 60 4 mg, Q1M x6; At 5y: At 5y:
SWOG S0307 trial  post-MP Vs. Q3M x 10. IV 88.3% vs. 87.4% vs. 87.6%, 92.6% vs. 92.9%
[74] Stage I-1II Ibandronate = 2235 50 mg, Q1D. p =0.49 vs. 92.4%, p = 0.50
BC vs. Oral
Median age: Clodronate = 1552
52.7y 1600 mg, Q1D.
N =6018 Treatment duration 3y Oral
Coleman et al, Stage II-11 ZOL = 1681 117 4 mg, Q4W x6; At117 M: 0OS: 69% vs. 64.6%
2019, AZURE (BIG  BC Vs. 4 mg, Q3M x8;  DFS events 555 vs.575; (HR (HR 0.92, 95%
01/04) trial [100] Ad Al Standard = 1678 4 mg, Q6M x5.  0.94, 95% CI = 0.84-1.06) Cl = 0.81-1.05)
(55.5%) v In > 5y post-MP:
Median age: Treatment duration 5y HR 0.84, 95%
NA Cl =0.67-1.04
N = 3359
Denosumab Gnant et al, 2019, Post-MP Dmab = 1711 73 60 mg, Q6M. At 5y: 89-2% vs. 87.3% -
ABCSG-18 [77] HR + BC Vs. Subcutaneous At 8y: 80.6% vs. 77.5%
Adj Al Placebo = 1709 HR 0.82, 95% CI = 0.69-0.98,
Median age: p = 0.026
64y Treatment duration 5y
N = 3420
Coleman et al, Pre- and Dmab = 2256 67 120 mg, Q4W DFS (n = 875): 1.04, 95% OS (n=412): HR
2018, post-MP Vs. x6; 120 mg, Cl=0.91-1.19, p = 0.57 1.03, 95%
D-CARE study [79] 77% HR +1I-  Placebo = 2253 Q3M x54. BM (n = 597): 0.97, 95% Cl = 0.85-1.25
Il BC Subcutaneous Cl = 0.82-1.14, p=0.70
Median age: Treatment duration 5y
51y
N = 4509

Adj, adjuvant; Al, aromatase inhibitor; BC, breast cancer; BMD, bone mineral density; BMs, bone metastasis; D, day; DFS, disease-free survival; Dmab, denosumab; FU, follow-
up; HR, Hazard ratio; HR+, hormone-receptor positive tumours; IV, intravenous; M, month(s); NA, not available; OS, overall survival; Q, every; W, week; y, year; ZOL,

zoledronic acid.

lumbar spine (LS), femoral neck (FN) or total hip (TH) at the end of
the 12-month period in post-MP women [39]. In one relatively
large RCT (n = 498) including pre-MP women (n = 229) with breast
cancer, supervised weight-bearing jumping exercises and circuit
training for 12 months prevented BMD loss at FN (-0.2%
vs. — 1.4%), but not at LS (—1.9% vs. — 2.2%) [40].

Since 2017, three small scale (n = 41 to 121) RCTs have been
published comparing the effect of exercise vs. usual care on
BMD, bone turnover markers and/or body composition in breast
cancer survivors [41-43]. These trials reported that resistance
and aerobic training consistently led to a reduction in total body
fat, a trend towards stimulation of bone formation, evaluated by
osteocalcin or bone specific alkaline phosphatase, and possibly an
improvement in lean mass with longer duration and intensity of
these training programs. However, there were no changes reported
in BMD at any site possibly due to short follow-up (12 weeks to
12 months). There is also increasing evidence that exercise leads
to improvement in quality of life and breast cancer-related out-
comes [44,45]. This initial evidence needs further confirmation in
RCTs with longer follow-up duration and including endpoints like
fractures. However, extrapolating from these data, we should

encourage exercise in women with EBC not only to improve bone
health but also because of multiple other potential benefits.

3.2.2. Pharmacological

Bisphosphonates (BPs) and Denosumab (Dmab) represent the
major bone-targeted therapies to counteract bone loss. Anabolic
drugs, such as PTH-analogues or romosozumab are not recom-
mended in women with EBC due to lack of evidence. For PTH-
analogues namely teriparatide or abaloparatide, there is a concern
about the potential risk of osteosarcoma based on preclinical stud-
ies [46,47] and the drug leaflet carries a warning for those who
have an established metastasis or who have received radiation
therapy.

3.3. Prevention and treatment of bone loss and fractures

3.3.1. Premenopausal women

Data on adjuvant anti-resorptive therapy in preventing bone
loss as a primary end-point in pre-MP women with EBC is limited.
Intravenous zoledronic acid (iv ZOL, 4 mg, every (Q) 3-6 months) is
the only BP which has been shown to prevent BMD loss in pre-MP
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Major studies and updates from January 2017 to May 2020 regarding bone loss and fracture prevention of antiresorptive agents in women with EBC.

Study Population Intervention, n FU, Dose, route of Mean BMD/T-score change from Fracture data
at study M administration baseline, %
entry, N LS TH or FN
Bisphosphonates Wilson et al, Stage II-1II ZOL = 1681 84 4 mg, Q4W x6; - - 5y rate: 3.8% vs. 5.9%;
2018, BC Vs. 4 mg, Q3M x8; Time to first fracture:
AZURE trial [50]  Adj Al Controls = 1678 4 mg, Q6M x5. HR 0.69, 95% CI = 0.53-
(55.5%) I\% 0.90, p = 0.005
Median age:
NA
N = 3359
Santa-Maria et al, Post-MP ZOL + L (ZAP 12 4 mg, Q6M. T-score: +0.23, T-score: +0.12, -
2018, ZAP trial Stage O-III trial) = 59 v 95% Cl = 0.13- 95% CI = 0-0.23,
[101] BC vs. 0.33, p < 0.001 p =0.046 (12 M)
Adj Al L (ELPh (12 M)
Median age: trial) = 203
59y
N =262
Sestak et al, 2019, Post-MP Risedronate = 68 60 35 mg, Q1W. T-score: T-score: No difference in rate
IBIS-II Bone Osteopenic VS. Oral —0,4% vs. —2.5% vs. (20 vs. 18; RR = 0.91
substudy [102] At high risk ~ Placebo = 59 —4.2% —3.8%,p=0.2 (0.46 vs. 1.81)
of BC p < 0.0001
Median age:
NA
N =127
Livi et al, 2019, Post-MP Ibandronate =89 63 150 mg, Q4W. T-score: +0.35 T-score: +0.28 vs. -
BONADIUV trial Osteopenic Vs. Oral vs. —0.24, —0.09, p = 0.0002
[99] HR + BC Placebo = 82 p < 0.0001 (24 M)
Adj Al (24 M)
Median age:
60y
N=171
Monda et al, Post-MP Risedronate = 42 24 35 mg, Q1W. T-score: +6.86% T-score: +2.8% vs.  Fractures: 0 vs. 3
2017 [103] Osteopenic Vs. Oral Vs. —3.5% (short FU and
HR + EBC No —4.8%, p < 0.0001 relatively young age)
Adj Al treatment = 42 p < 0.0001
Mean age:
56y
N =84
Denosumab Nakatsukasa Post-MP Dmab = 93 24 60 mg, Q6M. BMD: +7.0, 95% BMD: +3.4% Any symptomatic
et al, 2019 Osteoporotic  (nonrandomized) Subcutaneous Cl=5.9-8.0 to + 3.6% (24 M) clinical fractures
[65,67] HR + I-lIIA (24 M) (24 M)
BC
Adj Al
Mean age:
65y
N =103

Adj, adjuvant; Al, aromatase inhibitor; BC, breast cancer; BMD, bone mineral density; Dmab, denosumab; FN, femoral neck; FU, follow-up; HR, Hazard ratio; HR+, hormone-
receptor positive tumours; IV, intravenous; LS, lumbar spine; M, month(s); NA, no available; Q, every; RR, relative risk; TH, total hip; W, week; y, years; ZOL, zoledronic acid.

women on AET. Strong evidence derived from the Austrian Breast
and Colorectal cancer study group 12 trial (ABCSG-12), where con-
current ZOL with AET countered bone loss in pre-MP women
(n =404) compared with those without ZOL who showed an ongo-
ing bone loss during AET (At 3 years, ZOL vs. no ZOL: +0.4% vs.
—11.3% at lumbar spine and + 0.8% vs. —7.3% at trochanter) [12].
Other relatively small-scale RCTs with ZOL and either Als/OFS,
TAM/OFS or TAM alone strengthen the evidence for prevention of
BMD loss in pre-MP women [48,49].

The only evidence on fracture prevention in pre-MP women
came from the AZURE trial in 2018, reporting data on fractures
as a secondary end-point. Here the addition of ZOL to (neo)adju-
vant chemotherapy and/or endocrine therapy in a group of pre-,
peri-menopausal or women with unknown menopausal status
(n = 1507) showed a fracture incidence of 2.9% in the ZOL arm
and 4.2% fractures in the control arm at 5-years and increased
time-to-first fracture (HR, 95% CI = 0.45-0.88) [50]. There are no
clinical trials or studies on using adjuvant oral BPs or Dmab in
pre-MP women on endocrine therapy. In summary, there is strong
evidence that adjuvant ZOL in pre-MP women can prevent
bone loss and suggestive evidence that ZOL may decrease fracture
risk.

3.3.2. Postmenopausal women
To date, fracture data as a dedicated primary endpoint in RCTs

performed in post-MP women initiated on Als and adjuvant anti-
resorptive therapy are scarce. Most of the trials reported favour-
able BMD changes from baseline, instead of fractures, when com-
paring the efficacy of adjuvant intravenous BP vs. placebo/no
treatment in AIBL [51-53], as also reported in the previous position
statement in 2017 [54-56].

Oral bisphosphonates have been reported in various trials
before 2017 to reduce bone loss in Als users as compared to pla-
cebo [57-61]. A few small-scale trials after 2017 (n ranging from
81 to 171) using risedronate or ibandronate vs. placebo confirmed
improvement in BMD (up to + 6.0% at LS at 24 months) in post-MP
women while on Als and added to current body of evidence. Frac-
ture data for oral BPs has been reported in 2019 in a large-scale
observational cohort study (n = 36,472) with a mean follow-up
of 10 years in which the incidence rate of fracture was 30% lower
in oral BP-treated patients within the Als high-risk subgroup (with
a diagnosis of osteoporosis) than in patients without BPs (HR 0.69,
95% CI = 0.48-0.98) [62].

Use of the intravenous bisphosphonate zoledronate (ZOL),
provided strong evidence of cumulative BMD increase from base-
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Effect of extended aromatase inhibitor therapy on fracture risk
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Fig. 2. Comparison of the major trials on extended Al therapy published between 2017 and 2019 and fracture risk (after first 5 years of treatment with adjuvant
endocrine therapy). MFU, mean follow-up; ANA, anastrozole; LET, letrozole; PLB, placebo. * Post-MP women included in these trials received prior AET therapy for an average

duration of 5 years (except DATA women who received 3 years of TAM alone).

line to around 6% at LS and 2.6% at total hip (TH) during a maxi-
mum follow-up of 60 months [63]. In a secondary end-point anal-
ysis in 2018, the AZURE trial (n = 3359) reported the 5-year
fracture rate to be significantly reduced (3.9% vs. 5.8%) in women
receiving adjuvant ZOL vs. controls during AET. A larger reduction
in fracture rate occurred after disease recurrence (ZOL vs. controls:
2.8% vs. 9.8%) than before disease recurrence (3.8% vs. 3.3%)[50].
Although there is fracture reduction with ZOL in these data, it
seems less pronounced than expected from BMD changes in previ-
ous studies. Although studying fractures as primary end-point in
clinical trials remains ideal, data from meta-regression of trials
[64] provide profound evidence that improvements in BMD can
be a useful surrogate endpoint for fractures.

Denosumab Few studies have been published regarding the role
of adjuvant Dmab (60 mg every 6 months) in bone health improve-
ment in EBC post-MP women. Ellis and colleagues reported in 2008
a sustained increase in LS-BMD (7.6%) at 24 months in those receiv-
ing Dmab vs. placebo. Increase in LS-BMD (up to 7% at 24 months)
with adjuvant Dmab has also been corroborated in recent prospec-
tive, non-randomized studies in Japanese osteoporotic and osteo-
penic post-MP women on Als [65-67]. A well-powered, high-
quality evidence to study fractures as a primary end-point was
ascertained only using Dmab. In the ABCSG-18 trial, a 50% reduced
incidence of clinical fractures was reported in post-MP women on
adjuvant Dmab compared to placebo at 84 months [11.1%(8.1-
14.1) in Dmab vs. 26.2%(15.6-36.8) in placebo group], irrespective
of their baseline BMD or age [68].

3.4. Additional survival benefits

Preclinical studies suggested a role of accelerated bone remod-
elling in dissemination of tumour cells [69]. Extrapolation of this

principle combined with recent studies including the EBCTCG
meta-analysis [70] underline the clinical role of bisphosphonate
therapy to prevent breast cancer recurrence and dissemination to
bone and has been acknowledged in several international guideli-
nes [71].

3.4.1. Premenopausal women

Evidence on anticancer benefits of adjuvant ZOL in pre-MP
women with EBC derives from RCTs (two dating before and one
after 2017). In the ABCSG-12 from 2012, a 36% reduction in disease
recurrence was reported with ZOL + endocrine therapy vs. endo-
crine therapy alone in all pre-MP women receiving OFS [18]. Con-
versely, in the AZURE trial where pre-MP women constituted 45%
of the population with almost half receiving an Al, there was no
benefit found in invasive disease free survival (iDFS) in ZOL vs. pla-
cebo (HR 1.03, 95% CI = 0.89-1.20). The HOBOE, a three-arm RCT,
compared the effects of TAM/OFES vs. Letrozol/OFS (L) +/- ZOL on
survival benefits in 1065 pre-MP women [20]|. Comparing three
arms simultaneously, there was no statistically significant differ-
ence in overall survival (OS) (TAM: 4.8% vs. L: 3.1% vs. L + ZOL:
2.3%) and DFS (TAM: 16.4% vs. L: 12.4% vs. L + ZOL: 9.0%) but a sug-
gestive trend probably due to extremely low number of events. By
combining the HOBOE and ABCSG-12 trials, there was a significant
improvement in DFS (HR 0.75, 95% CI = 0.60-0.94) when ZOL plus
endocrine therapy was compared with endocrine therapy alone in
pre-MP women. These independent RCTs provide weak conflicting
evidence on reducing disease recurrence in pre-MP women on Als/
OFS while suggesting a need for more dedicated RCTs.

3.4.2. Postmenopausal women
3.4.2.1. Oral and intravenous bisphosphonates. The most convincing
evidence, pertaining to the use of oral (clodronate mainly, iban-
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dronate partially) and intravenous BPs, for preventing breast
cancer recurrence came from the EBCTCG meta-analysis in
post-MP women (n = 11,767). Adjuvant BPs led to significant
reductions in overall recurrence (RR 0.86, 95% CI = 0.78-0.94,
p = 0.002), bone recurrence (RR 0.72, 95% CI = 0.60-0.86,
p = 0.0002) and breast cancer mortality (RR 0.82, 0.73-0.93,
p = 0.002) [72]. In a recent update of the AZURE trial (2019)
designed to compare the effect of ZOL to standard therapy,
ZOL improved invasive DFS (HR 0.78, 95% CI = 0.64-0.94) but
not OS (0.84, 95% CI = 0.67-1.04) in a subgroup of women that
were longer than 5 years post-MP. Very recently, a large scale
retrospective cohort study on women aged > 66 years
(n = 37,724) revealed an improved OS (HR = 0.87, 95% CI = 0.8
2-0.93 and breast cancer specific survival (HR = 0.77, 95%
Cl = 0.64-0.92) in those receiving bisphosphonates (n = 6898)
at osteoporosis doses during the first 2 years after cancer diag-
nosis [73] when compared to no treatment. These are in line
with the previously published EBCTCG meta-analysis [72].

A direct head-to-head comparison of adjuvant ZOL, daily clo-
dronate and daily ibandronate for 3 years reported no differences
according to the type of BPs even after 5-years: DFS rate [88.3%
for ZOL vs. 87.6% for clodronate vs. 87.4% for ibandronate] and
OS rate [92.6% for ZOL vs. 92.4% for clodronate vs. 92.9% for
ibandronate] [74]. Routinely used oral BPs (alendronate and
risedronate) have been reported mainly in population-based
case-control studies to improve breast cancer survival [75,76] but
there have been no dedicated RCTs.

3.4.2.2. Denosumab. Regarding anticancer effects of denosumab,
the ABCSG-18 trial compared DFS as a secondary endpoint
between Dmab (60 mg, every 6 months (Q6M)) and placebo arms
in 3420 post-MP EBC women on Als. At a median follow-up of
96 months, Dmab was associated to higher DFS compared with
placebo (80.6% vs. 77.5%, p = 0.025). Nevertheless, a closer look
revealed that the majority of the DFS benefits in ABCSG-18 were
due to a reduction in histologically verified second primary inva-
sive non-breast carcinoma in the Dmab group, with little effect
on contralateral or distant breast cancer recurrence [77].

Another recently published phase 3 RCT (D-CARE) with DFS as a
primary end-point evaluated the addition of adjuvant Dmab
(120 mg, Q1M for the first 6 months, Q3M thereafter) to standard
(neo)adjuvant therapy in 4509 high-risk EBC women (77% HR+,
20% Her2 + ). At a median follow-up of 67 months, results showed
no benefits of Dmab on DFS (HR 1.04, 95% CI = 0.91-1.19) and OS
(HR 1.03, 95% CI = 0.85-1.25) compared with placebo [78,79]. Also,
a recent large scale (n = 37,724) retrospective cohort study
observed neither an improvement in OS (HR = 1.05, 95%
CI = 0.90-1.22) nor breast cancer specific survival (HR = 1.09,
95% CI = 0.66-1.82) in those receiving Dmab (n = 1204) compared
with no treatment [73]. These publications reveal to some extent
contradictory data on potential anticancer effects of adjuvant
Dmab in post-MP women with HR + EBC. Therefore, the use of
Dmab for reducing recurrence cannot be recommended currently.

4. Evaluation of fracture risk and indication to initiate anti-
resorptive therapy

Various screening and treatment algorithms have been pub-
lished for monitoring bone health during endocrine therapy
[11,80,81]. Nevertheless, multiple retrospective and prospective
clinical studies observed a suboptimal real-world bone health care
in breast cancer patients receiving AET, which led to under
treatment with anti-resorptive therapy [82,83]. Fig. 3 provides an
adapted algorithm for optimal management of bone health in
EBC women originally provided in Hadji et al. [11].
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It is crucial that all women initiating Als and/or OFS have a tai-
lored medical history and examination, a baseline dual energy X-
ray absorptiometry scan (DXA) and biochemical testing for ruling
out additional secondary causes of osteoporosis.

Vertebral fracture assessment (VFA) along with DXA (or, if
unavailable, conventional spine X-rays in selected cases) could be
a part of screening or follow-up in all post-MP and osteopenic
pre-MP women initiated on AET. Indeed, multiple cross-sectional
studies reported a higher prevalence of morphometric vertebral
fractures (VFs) both before (~20%) and during endocrine therapy
(~31%) [84,85] including a recent study by Pederseni et al. In this
study, a higher number of VFs was found within Al-treated sub-
jects, even in those with normal BMD (every 1 out of 5 women)
[86]. However, an overestimation of VFs could not be excluded
because of inclusion of Genant’s grade 1 fractures.

Higher prevalence of fractures in AET users even with normal
BMD could be partly explained by deterioration of bone quality.
A surrogate of bone quality-Trabecular Bone Score, a novel 2D
microarchitecture assessment derived from DXA-images, was
reported to be decreased in both pre- and post-MP women on
AET at 24 months [37,38]. Similarly, TBS also improved in the
group concurrently treated with ZOL independent of BMD confirm-
ing that TBS reflects bone properties other than BMD [87-89].
Extrapolation of these findings suggests that using TBS and BMD
jointly could translate into better prediction of fracture risk in
AET users but the evidence is lacking in this regard.

The conventional fracture risk assessment tools such as FRAX®
are not designed to assess fracture risk in women initiated on
endocrine therapy. However, a common clinical practice in EBC
women is to mark the option “secondary osteoporosis”, only oper-
ational in the absence of BMD, in the FRAX® tool to assess the frac-
ture risk which may theoretically lead to fracture underestimation.
In contrast, two recent studies found an overestimation of 10-year
fracture probability in Als users if secondary osteoporosis alone is
used in the FRAX® tool without BMD [90,91]. In addition, FRAX® is
not validated in women younger than 40 years old. In summary,
the advice remains not to use FRAX® in these women.

Clinicians should emphasize the importance of exercise (resis-
tance and aerobic training) in women with EBC, along with opti-
mal intake of calcium and vitamin D. It is advisable to stop
smoking, reduce alcohol consumption and optimize daily dairy
intake. Any medication that impairs bone health should be chan-
ged, if possible. In the opinion of the authors based on recent lit-
erature and current ESMO guidelines [71], every woman (pre- or
post-MP) initiating on Als and/or OFS should undergo fracture
risk assessment using conventional risk factors and BMD mea-
surement with DXA and VFA. Anti-resorptive therapy should be
considered in all women with a BMD T-score < -2.0 SD or > 2
risk factors including a BMD T-score < -1.0. Clinical risk factors
known to increase fracture riskinclude prior fragility fractures,
parental history of hip fracture, diabetes (type 1 or 2),
BMI < 20 kg/m? rheumatoid arthritis, history of recurrent
falls > 2 in the past year, glucocorticoid use > 3 months
and > 7.5 mg daily, current smoking and alcohol > 2U/day.. A
stringent BMD T-score less than —2.0 SD is recommended to ini-
tiate treatment in these women as besides bone mass, bone
quality is also impaired after AET which leads to increased frac-
ture risk irrespective of baseline BMD [68].

In pre-MP women treated solely with TAM, there is consistent
but weak evidence on BMD loss and increased fracture risk based
on small-scale RCTs and case-control studies but a lack of data
on anti-resorptive therapy to guide treatment. Based on expert
opinion, we propose that these women should be offered a baseline
fracture risk assessment with evaluation of risk factors and BMD
measurement with DXA and VFA. Anti-resorptive therapy can be
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Re-assess indication of therapy (if annual
BMD loss >5%)
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Note: * Pre-MP women treated solely with TAM form an exception who need a baseline assessment with risk factors identification and BMD
measurement with DXA. Anti-resorptive therapy is indicated if a Z-score is <-2.0 SD or when a Z-score is between -1.0 and -2.0 and a fragility

fracture is present.

* Sequential treatment with BPs after Dmab discontinuation should be considered in clinical decision making; which has been advised since
recently to mitigate the so called ‘rebound phenomenon’ in bone turnover.

Fig. 3. Management algorithm for EBC women on adjuvant endocrine therapy adapted from Hadji et al. [11]. EBC, early breast cancer; Als, aromatase inhibitors; OFS,
ovarian function suppression; BMI, body mass index; Ca, Calcium; PO,4, phosphate; LFTs, liver function tests; RFs, risk factors; RFTs, renal function tests; TSH, thyroid stimulating

hormone. FRAX is not validated for women < 40 years of age.

considered if a Z-score is < -2.0 SD or if a Z-score is between —1.0
and —2.0 and fragility fractures have been reported [92]. Still, ded-
icated RCTs with a long follow-up are needed in pre-MP women on
TAM while it will remain difficult to precisely evaluate anti-
fracture benefits in these women due to low fracture incidence.

Regarding the choice of anti-resorptive therapy in pre-MP
women, there is now strong evidence for the use of adjuvant ZOL
(4 mg, every 6 months - Q6M) for prevention of BMD loss
(ABCSG-12/AZURE) with numerous studies reporting BMD loss in
pre-MP women and some weak and conflicting evidence on the
prevention of breast cancer recurrence (ABCSG-12/HOBOE/
AZURE) in those treated with Als/OFS. It is important to state that
there may be partial recovery of BMD after termination of AET due
to resumption of menstruation. Effective contraception is needed
at initiation of BPs due to potential of harm to the fetus. Momen-
tarily, we have no data on oral BPs and Dmab. Therefore, future
studies focusing on bone health in pre-MP women should focus
on fractures as primary outcome and use of adjuvant anti-
resorptives to prevent fractures.

With regard to the choice of anti-resorptive therapy in post-MP
women, Dmab (60 mg, Q6M) has shown the strongest evidence
and remains the first choice for fracture prevention in women with
low risk EBC even though new data for ZOL also suggest fracture
reduction albeit as a secondary outcome during longer follow-up
[50]. A recent network meta-analysis also confirms these infer-
ences [93]. With respect to breast cancer survival benefits along
with bone protection, oral or intravenous BPs remain the first
choice. While evidence for ZOL (4 mg, Q6M) is still most robust,
ibandronate and clodronate have not been proven inferior. At the
same time, new RCTs could not establish breast cancer survival
benefits of Dmab (ABCSG-18/D-CARE). Future studies should com-
pare lower doses and longer interval (e.g., ZOL 5 mg, Q12M)
between anti-resorptive administration in this subgroup.

With respect to follow-up, DXA should be repeated 1 year after
Als initiation if no anti-resorptive therapy is initiated and every
2 years if commenced on anti-resorptive therapy. An annual
BMD loss of > 5% is an indication for re-assessment regarding
anti-resorptive therapy.

It is important to point out that adjuvant Dmab should never be
stopped promptly. A sequential treatment with BPs should be

undertaken after Dmab discontinuation to mitigate the so called
‘rebound phenomenon’ in bone turnover that has been associated
with a rapid loss of BMD gain and a risk, although rare, of develop-
ing multiple vertebral fractures [94,95]. The recommended dura-
tion of anti-resorptive therapy should be oriented to the duration
of endocrine therapy and absolute fracture risk. If extended adju-
vant endocrine therapy after 5 years is taken into consideration,
an individualized risk-to-benefit evaluation of fracture risk versus
potential side effects with longer therapy is needed.

Frequent dosing regimens and gastro-intestinal side-effects of
oral BPs have been associated with low compliance rates [96]. A
frequently reported side-effect of intravenous ZOL is self-limiting
flu-like complaints in the first week after infusion. Side-effects
such as osteonecrosis of the jaw (ONJ) and atypical femur fracture
(AFF) are rare but potential serious complications of both BPs and
Dmab depending on their dose and treatment duration[97].

5. Conclusion and future prospects

Bone loss and fracture prevention need attention in EBC women
receiving endocrine therapy as breast cancer is becoming a chronic
disease due to improved prognosis. Conventionally, clinical risk
factors and BMD were used to evaluate fracture risk, but the use
of VFA and bone quality by means of TBS might additionally help
to identify those with higher fracture risk independent of BMD.
FRAX® use can still not be recommended based on the weak cur-
rent evidence. Lifestyle modifications with inclusion of exercise
should be promoted in all women on AET. In pre-MP women, intra-
venous zoledronate is the only drug reported to prevent bone loss
in EBC. . In post-MP women, the choice of anti-resorptive may dif-
fer depending on the treatment target. Denosumab is preferred
when fracture prevention is a major concern with low breast can-
cer recurrence risk, while the need for sequential treatment after
denosumab termination due to risk of the rebound effect should
be considered in clinical decision making. Bisphosphonates are
preferred when disease recurrence prevention is a major concern
in high risk breast cancer women along with bone health, while
denosumab failed to show a decline in breast cancer recurrence..
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In addition to the established risk factors for bone health, breast
cancer specific risk factors such as obesity, adjuvant and neo-
adjuvant chemo- and radiotherapy are important topics for future
research. Based on current evidence, there are still no convincing
data on routine use of bone turnover markers in EBC women
started on Al therapy and during follow-up. Use of imaging tech-
niques, such as high resolution peripheral quantitative computed
tomography (HR-pQCT) are currently being evaluated and have
potential implications for clinical practice in the future [98].

The use of adjuvant anti-resorptive therapy, particularly oral
BPs and Dmab, in pre-MP women on AET with respect to fracture
prevention as a primary outcome is an area that still merits more
research. Whether Dmab for fracture prevention in post-MP
women on Als should be started irrespective of their baseline
BMD status warrants more evidence. In the current setting, opti-
mal dose and interval of denosumab in non-metastatic breast can-
cer (60 mg, 6monthly vs. 120 mg, every month/every 3 months)
requires a consensus. Similarly, future head-to-head comparisons
of 6 monthly 4 mg ZOL vs. once yearly 5 mg ZOL regimens in Als
users could have financial implications for clinical practice.
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