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Déclaration des liens d’intérêts en 
relation avec cet exposé  

! Liens durables ou permanents : laboratoires Amgen, GSK, 
MSD, Roche, Servier (contrats non renouvelés en 2012) 

!  Interventions ponctuelles :  
"  Protocoles de recherche clinique : laboratoires Amgen, Bone 

Therapeutics, Warner Chilcott 
"  Interventions dans un contexte promotionnel : laboratoires GSK, 

Lilly, MSD, Novartis, Sanofi Aventis, Servier, Roche, Warner 
Chilcott (sollicitations systématiquement refusées depuis 2012) 

!  Intérêts indirects : tous les partenaires industriels de 
l’organisation des Journées Annuelles du Centre Viggo 
Petersen et de l’organisation des Journées Annuelles de 
l’URAM.  



« Maladie osseuse 
caracterisée par une 
réduction de la résistance 
osseuse conduisant à une 
augmentation du risque de 
fracture » 

L’ostéoporose… 

(Conférence de consensus, JAMA 2001). 



Courtesy, Erick Legrand, Daniel Chappard, Angers. 



Qu’est ce que l’ostéopénie…? 

! Une définition conventionnelle reposant sur un 
concept épidémiologique mais sans réalité clinique 
" T score de DMO entre -1 et -2,5 
" 40 à 50% des femmes fracturées sont « ostéopéniques » 

! Un risque de générer une anxiété inutile et de faire 
prescrire des traitements abusifs… 

! Une opportunité d’attirer l’attention des patients 
sur les facteurs de risque et de mettre en place une 
surveillance adaptée. 



signaling [37]. This AI-associated bone loss (AIBL)
continues throughout the duration of therapy, and
averages approximately 2% per year [8,38]. The nega-
tive effect of estrogen depletion on bone appears to be
associated with all AIs [17,33]. This class effect high-
lights the necessity to monitor bone loss and fracture
risk in all patients receiving AI therapy, and suggests
that pharmacotherapy may be needed in some patients
to prevent bone loss and reduce fracture risk.
Several clinical trials have investigated bisphospho-

nates and other antiresorptive agents for the preven-
tion of AIBL in nonosteoporotic patients. These
include studies of oral ibandronate (Arimidex® Bon-
dronat®; ARIBON),[39] risedronate (Study of Anastro-
zole with the Bisphosphonate RisedronatE; SABRE),
[40] denosumab (Hormone Ablation Therapy in Breast
Cancer; HALT-BC),[41] and 4 independent trials of
intravenous zoledronic acid: 1 in premenopausal
(ABCSG-12)[25] and 3 in postmenopausal women
(Zometa/Femara Adjuvant Synergy Trials; Z-FAST,
ZO-FAST, E-ZO-FAST) [42-44]. Results from these
trials demonstrate that upfront bone-directed therapy
effectively prevents bone loss and maintains or
increases BMD in women receiving AIs or other endo-
crine therapy for early BC. In addition, it has been
shown that the addition of zoledronic acid to adjuvant
endocrine therapy may also improve clinical outcomes
(ie, delay disease recurrence in bone and other sites)
compared with endocrine therapy alone in pre- and
postmenopausal women with early stage hormone-
responsive BC [44-46].

Monitoring Fracture Risk
Although BMD is a good surrogate for bone strength, a
substantial proportion of women with fractures do not
have osteoporosis (defined as T-score < -2.5; Figure 4)
[47]. This may be related to the fact that BMD does not
capture many factors that influence bone strength, such
as bone size, bone geometry, and microarchitecture
change [48]. Currently, overall risk assessment, including
but not limited to BMD measurements, is recommended
by the WHO[29] and the National Osteoporosis Foun-
dation (NOF),[27] which suggest using the FRAX[49]
tool to compute fracture risk. The FRAX algorithm uses
the femoral neck BMD T-score (if available), age, body
mass index, personal and family history of fractures,
corticosteroid treatment, lifestyle factors (smoking and
alcohol consumption), and comorbidities (rheumatoid
arthritis; secondary osteoporosis) to compute the 10-
year risk of hip and other osteoporotic fractures [49].
The FRAX tool represents an important advance in
understanding and accounting for the multifactorial nat-
ure of fracture risk and has been customized for various
countries and ethnicities where epidemiologic data are
available. The greatest benefit of the FRAX tool is the
consideration of clinical risk factors for fracture, and not
only BMD, in the decision to prescribe an antiosteo-
porotic treatment.
Estimation of fracture risk in women with breast can-

cer has a further level of complexity in that the disease
and its treatment can, in themselves, alter BMD (and.
therefore, fracture risk). The FRAX tool has some inher-
ent limitations when applied to patients with breast
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Figure 4 Fracture rate, BMD distribution, and number of fractures based on NORA. Abbreviations: BMD, bone mineral density; NORA,
National Osteoporosis Risk Assessment. Reprinted with permission from Siris ES, et al. Arch Intern Med. 2004;164:1108-1112 [47]. Copyright © 2004,
American Medical Association. All rights reserved.
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Impact osseux des anti-aromatases 

! Pour rappel, les SERMs (tamoxifène) n’ont pas 
d’effet osseux négatif 

! Les 3 anti-aromatases utilisés en traitement 
adjuvant du cancer du sein ont un retentissement 
négatif : 
" augmentation du remodelage avec excès de résorption 
" perte osseuse lombaire et fémorale 
" augmentation de l’incidence des fractures par fragilité 

! L’effet de l’exémestane est peut-être un peu moins 
délétère que les non stéroïdiens. 



Impact osseux des anti-aromatases 

! Anastrozole : essai ATAC 
" Howell et al Lancet 2005 ; Eastell et al Ann Oncol 2011 
" 5 ans de suivi sous traitement puis 2 ans après arrêt 

! Letrozole : essai BIG 1-98 
" Coates et al JCO 2007 ; Rabaglio et al Ann Oncol 2009 
" 5 ans de suivi sous traitement  

! Exemestane : essais IES et TEAM 
" Coombes et al Lancet 2007 ; Hadji et al Ann Oncol 2009 
" 5 ans (IES) ou 2,5 ans (TEAM) de suivi sous traitement  
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net bone loss,53–55 a decrease in bone strength, and an increased 
fracture risk.37,55–58 Adjuvant endocrine therapy is designed 
to deprive tumor cells of the growth-promoting effects of 
estrogen.59 AIs prevent estrogen synthesis by inhibiting the 
aromatase enzyme, which is responsible for the conversion 
of androgens to estrogen.4 Therefore, estrogen deprivation 
during AI therapy in postmenopausal women may increase 
bone turnover and induce bone loss, which is observed at sites 
rich in trabecular bone, at an average rate of 1%–3% annually. 
This leads to an increase in fracture incidence compared with 
that seen during tamoxifen therapy.60 Although the mecha-
nism of action between the steroidal (binding irreversibly to 
aromatase, eg, exemestane) and nonsteroidal (competitive 
inhibitors that bind to the heme moiety of the aromatase 
cytochrome P450 complex, eg, anastrozole, letrozole)61 AIs 
is somewhat different, adverse effects on bone health have 
been observed with all currently used AIs (Table 1).

Anastrozole
The ATAC trial compared the efficacy and safety of anastro-
zole with that of tamoxifen in the initial adjuvant setting in 
postmenopausal women with early breast cancer.16,28 After 
a median follow-up of 68 months, the fracture rate was 11% 
for patients treated with anastrozole (n  3092) versus 7.7% 
in patients treated with tamoxifen (n  3094).16

Letrozole
The BIG 1-98 trial is the largest ongoing trial comparing 
letrozole with tamoxifen in the initial adjuvant setting. 
A slight but significant (P  0.001) difference in fracture 
rate was observed between the letrozole arm (5.7%) and the 
tamoxifen arm (4.0%) at 25.8 months of median follow-up.17 
At 51 months of follow-up, letrozole (n  2448) was associ-
ated with an 8.6% versus 5.8% fracture rate with tamoxifen 

(n  2447) (P  0.001).18 At 5 years of follow-up, the 
incidence of bone fractures remained higher among patients 
treated with letrozole (9.3% versus tamoxifen 6.5%; no 
P value reported).62 The wrist was found to be the most com-
mon site of fracture in each treatment group.

Exemestane
In the IES, patients were randomized to either 5 years of 
tamoxifen (n  2372) or a switch to exemestane following 
2–3 years of tamoxifen treatment (n  2352) for a total of 
5 years. Within 6 months of switching to exemestane, bone 
mineral density was lowered by 2.7% at the lumbar spine and 
1.4% at the hip compared with baseline values (P  0.0001 
at both sites).63 All in all, 162 patients (7%) in the exemes-
tane arm and 115 (5%) in the tamoxifen arm had fractures 
at a mean follow-up of 58 months (P  0.01). In the TEAM 
trial, tamoxifen treatment resulted in a 0.5% increase from 
baseline in bone mineral density at the spine, which was 
maintained at the 12-month assessment (n  83). In contrast, 
exemestane treatment resulted in an increase in bone loss 
at 6 months (2.6% decrease in spine bone mineral density) 
and a further decrease of 0.2% at 12 months (n  78).36 In a 
recent subanalysis of the TEAM trial, exemestane resulted 
in increases from baseline in all bone turnover markers (eg, 
bone-specific alkaline phosphatase, amino terminal propep-
tide type I, procollagen, osteocalcin) at all time points.64 In 
contrast, levels of all bone turnover markers decreased with 
tamoxifen treatment.

Case report
A 62-year-old postmenopausal female presented with ER , 
progesterone receptor-positive, human epidermal growth 
factor receptor 2-negative breast cancer. The patient’s age 
of menopausal onset was 51 years and she received hormone 

Table 1 Bone-related and fracture-related adverse events from aromatase inhibitor (AI) trials5,18,22,31,62

Trial 
(follow-up)

Adjuvant therapy  
type

AI Comparator Definition of  
adverse event

AI versus  
comparator

P value

ATAC 
(68 months)

Initial adjuvant ANA TAM Overall fracture rate 
Osteopenia or  
osteoporosis

11.0% versus 7.7% 
11.0% versus 7.0%

0.0001 
0.0001

BIG 1-98 
(60.3 months)

Initial adjuvant LET TAM Overall fracture rate 9.3% versus 6.5% 0.001

IES 
(55.7 months)

Switch adjuvant EXE TAM Overall fracture rate 
Osteoporosis

7.0% versus 4.9% 
9.2% versus 7.2%

0.003 
0.01

TEAM 
(32 months)

Initial adjuvant EXE TAM Overall fracture rate 
Osteoporosis

2.7% versus 2.3% 
4.7% versus 2.1%

NS 
0.001

© 2010 Reprinted with permission from Elsevier. Janni W, Hepp P. Adjuvant aromatase inhibitor therapy: Outcomes and safety. Cancer Treat Rev. 2010;36:249–261.5

Abbreviations: ANA, anastrozole; ATAC, Arimidex Tamoxifen Alone or in Combination; BIG, Breast International Group; EXE, exemestane; IES, Intergroup Exemestane 
Study; LET, letrozole; NR, not reported; NS, not significant; TAM, tamoxifen; TEAM, Tamoxifen, Exemestane Adjuvant Multicenter.
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(including patients with early distant metastases) during 
this prerandomization period. The Intergroup Exemestane 
Study (IES) examined estrogen receptor-positive (ER ) or 
ER-unknown patients (n  4742) receiving tamoxifen fol-
lowed by exemestane versus patients receiving tamoxifen 
monotherapy.22 In hormone-responsive patients at a median 
follow-up of 56 months, the IES showed a significant 
improvement in disease-free survival in patients who 
switched to exemestane after 2–3 years of tamoxifen treat-
ment (HR  0.75; P  0.0001).22 The results of this study also 
demonstrated significant improvement in overall survival in 
this patient population (HR  0.83; P  0.05). The Austrian 
Breast and Colorectal Cancer Study Group (ABCSG) 
8 trial compared tamoxifen followed by anastrozole versus 
tamoxifen monotherapy in hormone-sensitive patients with 
breast cancer (n  2566 switch population).30 At 30 months’ 
median follow-up, event-free survival favored sequential 
therapy (HR  0.68; P  0.02). However, switch trials do not 
include distant metastasis occurring during the early periods 
following surgery and only examine patients who respond 
to therapy. Initial adjuvant AI therapy has demonstrated 
superior efficacy compared with tamoxifen, but only letro-
zole significantly reduced early distant metastasis, possibly 
resulting in a long-term survival advantage.

Even though AI therapy has clear benefits for patients 
with breast cancer, AIs can also have detrimental long-term 
effects on bone health.34–36 Bone loss is a predictable con-
sequence of estrogen deprivation.37 Estrogen has a negative 
regulatory effect on bone resorption; therefore, any therapy 
that depletes estrogen has the potential to cause bone loss, 
impacting bone integrity and putting the patient at risk for 
fractures. Postmenopausal patients with breast cancer are 
already at an increased risk of osteoporosis due to age-
related failure of ovarian function, a corresponding decline 
in estrogen levels, and possible disease-related bone loss. 
Potential treatment-related bone loss may be an added risk 
factor.2,38–40 Cancer treatment-induced bone loss may be 
accentuated in women with breast cancer who are receiving 
multiple forms of anticancer treatment (eg, chemotherapy, 
endocrine therapy).41

For example, average lumbar spine bone mineral loss 
at one year has been reported to be 1%–2% in early and 
late menopausal women, compared with 7.7% in women 
with ovarian failure secondary to chemotherapy (Figure 1). 
AI-induced bone loss with endocrine therapy is associated 
with rapid bone loss and an increased fracture risk that is 
distinctly different from that observed in postmenopausal 
osteoporosis (Figure 1).2 One of the most common side 

effects of AI use is skeletal bone loss leading to thinning 
of the bone (osteopenia) and/or an increased risk of bone 
fractures.6,42,43 When combined with other treatments, this 
risk may be significantly enhanced (Figure 1). Eastell et al 
reported a 2.6% loss in lumbar spine bone mineral density 
in postmenopausal women with breast cancer receiving AI 
treatment.44 In comparison, a 7% loss was reported in women 
receiving AI therapy combined with a gonadotropin-releasing 
hormone agonist.45

The bone loss seen during AI treatment appears to be 
similar from one agent to another within this class, although 
there is a paucity of data from direct comparator trials.21,46 
A randomized investigation of healthy volunteers (Letrozole, 
Exemestane, and Anastrozole Pharmacodynamic trial) 
demonstrated that all AIs (steroidal or nonsteroidal) have a 
similar effect on bone and are associated with increased bone 
turnover.47 Recently, there has been greater recognition of 
the increased fracture rates and bone loss seen in studies of 
patients undergoing AI therapy,48,49 and also of the need for 
appropriate management and intervention to reduce bone loss 
and prevent fragility fractures.34,42,50,51 This paper reviews the 
recent literature pertaining to the risk of fractures and the 
premature or accelerated development of bone loss in patients 
treated with adjuvant AI therapy. A case study is described 
for a patient who demonstrated decreasing bone mineral 
density while undergoing treatment with endocrine therapy. 
Suggested management approaches are also discussed.

AI-associated bone loss
Bone tissue undergoes a continuous resorption/formation 
process. Small amounts of bone mineral that are removed 
by osteoclasts (resorption) are balanced by equal deposition 
of new mineral by osteoblasts (formation), preserving bone 
strength.52 Estrogen is one of the crucial modulators of bone 
formation. In postmenopausal women, low estrogen levels are 
associated with increased bone turnover, which may result in 
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Figure 1 Cancer treatment-induced bone loss.44,45,88–90

Abbreviations: AI, aromatase inhibitor; BMD, bone mineral density; GnRH, 
gonadotropin-releasing hormone; PMW, postmenopausal women.
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treatment phase [16, 17, 19]. Similarly, the ATAC bone sub-
protocol study showed anastrozole-related BMD loss during
the treatment phase [8] with a concomitant increased rate of
fractures [14], both of which subsequently recovered following
cessation of treatment.
The ATAC bone sub-study is the first to present long-term

follow-up data on BMD beyond 5 years of adjuvant AI therapy.
Current treatment guidelines recommend the inclusion of an
AI for optimal adjuvant endocrine therapy [20–22].
Bisphosphonates have been shown to prevent and treat
osteoporosis in postmenopausal women and to reduce CTIBL.
However, it has been reported that their use in the context of
adjuvant AI therapy need only be initiated when the risk
of fragility fractures is high, such as a previous diagnosis of
osteoporosis, age >75 years and additional risk factors for
fracture, BMD T-score less than 22.0, or an on-treatment
fragility fracture has occurred [4, 23, 24].

Despite the relatively low number of evaluable patients, this
ATAC bone sub-study reinforces the suggestion that, for
patients in whom pre-existing osteopenia is excluded at the
start of treatment, or where osteopenia is identified at the end
of long-term anastrozole treatment, further monitoring or
preventative bone-loss strategies are no longer necessary
beyond those normally used for all postmenopausal women [8].
The latest results from the main ATAC trial and bone sub-
protocol show that, on completion of anastrozole treatment,
fragility fracture rates decrease back to levels similar to those
observed with tamoxifen, and fractures occurring after
treatment completion are not associated with patients
becoming osteoporotic after AI treatment.
Overall, the prevention of CTIBL in long-term adjuvant AI

breast cancer therapy remains a high priority [25]. What these
study results demonstrate is that, in contrast to the beneficial
effects of anastrozole on breast cancer recurrence which extend

Figure 2. Median percent change (6interquartile ranges) in bone mineral density (BMD) for (A) lumbar spine and (B) total hip, for the off-treatment

follow-up period (years 6 and 7) compared with year 5; mean BMD for (C) lumbar spine and (D) total hip, for the 5-year adjuvant treatment (years 1–5)

and off-treatment (years 6 and 7) periods compared with the start of treatment (year 0).

original article Annals of Oncology

860 | Eastell et al. Volume 22 |No. 4 | April 2011
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protocol show that, on completion of anastrozole treatment,
fragility fracture rates decrease back to levels similar to those
observed with tamoxifen, and fractures occurring after
treatment completion are not associated with patients
becoming osteoporotic after AI treatment.
Overall, the prevention of CTIBL in long-term adjuvant AI

breast cancer therapy remains a high priority [25]. What these
study results demonstrate is that, in contrast to the beneficial
effects of anastrozole on breast cancer recurrence which extend

Figure 2. Median percent change (6interquartile ranges) in bone mineral density (BMD) for (A) lumbar spine and (B) total hip, for the off-treatment

follow-up period (years 6 and 7) compared with year 5; mean BMD for (C) lumbar spine and (D) total hip, for the 5-year adjuvant treatment (years 1–5)

and off-treatment (years 6 and 7) periods compared with the start of treatment (year 0).
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Récupération à l’arrêt ? 

Eastell et al, ATAC trial Ann Oncol 2011 

substantially beyond the cessation of treatment [14],
anastrozole-associated BMD loss begins to resolve immediately
after treatment cessation and any bone loss associated
with anastrozole can be monitored and managed as needed
[25–29].
In conclusion, this study is the first to quantify the long-term

impact on BMD of AI treatment in women with early breast
cancer. Anastrozole-related bone loss appears to be manageable
and, therefore, any risk to bone health should be weighed

against its overall efficacy and tolerability profile for the
treatment of hormone-sensitive early-stage postmenopausal
breast cancer.
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Table 1. Primary analysis of change in lumbar spine and total hip BMD from 5 to 6 and from 5 to 7 years (primary analysis population with data at 5, 6

and 7 years)

Within treatment comparisons Year 7 or 6 Year 5 Year 7 or 6 versus year 5

n gmean (g/cm2) n gmean (g/cm2) Ratio of gmean(s) Two-sided 95% CI P value

Lumbar spinea

5–6 years

Anastrozole 1 mg 23 1.042 23 1.025 1.0164 1.0009–1.0321 0.0385

Tamoxifen 20 mg 27 1.044 27 1.055 0.9899 0.9767–1.0033 0.1339

5–7 years

Anastrozole 1 mg 23 1.064 23 1.025 1.0386 1.0185–1.0591 0.0006

Tamoxifen 20 mg 27 1.054 27 1.055 0.9995 0.9813–1.0181 0.9588

Total hipa

5–6 years

Anastrozole 1 mg 21 0.912 21 0.910 1.0020 0.9864–1.0177 0.7961

Tamoxifen 20 mg 27 0.934 27 0.949 0.9837 0.9751–0.9923 0.0007

5–7 years

Anastrozole 1 mg 21 0.907 21 0.910 0.9964 0.9809–1.0122 0.6384

Tamoxifen 20 mg 27 0.927 27 0.949 0.9763 0.9628–0.9900 0.0016

aData presented for patients who had evaluable BMD measurements at all visits.

BMD, bone mineral density; CI, confidence interval; gmean, geometric mean; n, number of patients.

Table 2. T-scores shift table for lumbar spine and total hip for the

overall off-treatment follow-up period (years 5–7, primary analysis

population)

Status at

treatment

completion

Shift to Anastrozole 1 mg

(N = 33)

Tamoxifen 20 mg

(N = 38)

Normal bone Normal bone 8 14

Osteopenic 0 3

Osteoporotic 0 0

Not recordeda 0 3

Osteopenic Normal bone 2 3

Osteopenic 14 11

Osteoporotic 0 0

Not recordeda 9 4

Osteoporosis and osteopenia were defined as a T-score less than 22.5 or

a T-score between 21 and 22.5 at the lumbar spine or total hip,

respectively. T-score is the minimum of the mean lumbar spine and mean

total hip T-scores. If either of the BMD measurements was missing, the

classification was done on the basis of the single measurement. No patient

was osteoporotic at entry into the extension study.
aNo total hip and lumbar spine bone mineral density measurements due to

missing dual-energy X-ray absorptiometry scan or patient discontinued.

BMD, bone mineral density.
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L’étude MAP.3 : exémestane vs. placebo 
chez des femmes ménopausées  

! Cheung et al, Lancet Oncol 2012 

! Étude DMO nichée dans l’essai contrôlé (objectif : 
prévention primaire du cancer du sein) : 
"  351 femmes : 176 exemestane [25 mg/j], 175 placebo; 61,3 ans 
"  suivi 2 ans : n = 242 (124 & 118) 
"  mesure de DMO surfacique (DXA) lombaire et fémorale 
"  mesure de DMO volumique (HRpQCT) tibia et radius 

! Perte osseuse trabéculaire et corticale plus importante 
dans le groupe exémestane mais perte osseuse 
d’amplitude modérée 



Articles
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p=0· 20), and femoral neck (22% [24 of 111] exemestane vs 
6% [six of 107] placebo; 16%, 7ñ 25; p=0· 0007). Over 2 years, 
65% (72 of 111) of women in the exemestane group had 
clinically signi�  cant areal BMD loss at one of the three 
sites compared with 35% (38 of 108) in the placebo group 
(diff erence 30%, 95% CI 17ñ 41; p<0· 0001).

No diff erences were reported between groups in fragility 
fractures (one exemestane vs three placebo, p=0· 62), total 
fractures (six exemestane vs 11 placebo, p=0· 32), 10% or 
more drop in areal BMD (three exemestane vs one placebo, 
p=0· 62), and reduction in height (2 mm for exemestane vs 
1 mm for placebo, p=0· 26). No woman dropped to a 
T­ score of ñ 2· 5 by 2 years.

BMI aff ected the magnitude of mean percent loss in 
total volumetric BMD at the distal radius in the placebo 
group with a ñ 3· 6% (95% CI ñ 4· 6 to ñ 2· 6) change for 
women with BMI under 25 kg/m², ñ 1· 6% (ñ 2· 6 to ñ 0· 6) 
change for women between 25 kg/m² and 30 kg/m², 
ñ 1· 5% (ñ 2· 6 to ñ 0· 4) change for women between 
30 kg/m² and 35 kg/m², and 0· 1% (ñ 0· 9 to 1· 1) gain for 
those over 35 kg/m² over 2 years. In the exemestane 
group, BMI had less eff ect, with losses of ñ 4· 8% (ñ 6· 1 
to ñ 3· 5) for women with BMI under 25 kg/m², ñ 6· 6% 
(ñ 8· 4 to ñ 4· 9) for women between 25 kg/m² and 
30 kg/m², ñ 6· 4% (ñ 7· 9 to ñ 4· 8) for women between 
30 kg/m² and 35 kg/m², and ñ 6· 1% (ñ 8· 7 to ñ 3· 4) for 

those over 35 kg/m² (pinteraction=0· 011). There were no 
signi�  cant diff erences in treatment eff ect by age, years 
since menopause, baseline total volumetric BMD at the 
distal radius, baseline calcium intake, or vitamin D 
intake (data not shown).

In the intention­ to­ treat analysis, the estimated 
diff erence in mean percent change in total volumetric 
BMD at the distal radius between exemestane and 
placebo groups was ñ 4· 0% (95% CI ñ 5· 0 to ñ 3· 0) and 
after multiple imputations, the estimated diff erence was 
ñ 4· 1% (ñ 5· 1 to ñ 3· 1). The median adherence in each 
group was 97% (IQR 94ñ 100); 104 (87%) of 120 women 
on exemestane and 100 (86%) of 116 on placebo were 
80% or more adherent. In the exemestane group, mean 
percent change in total volumetric BMD at the distal 
radius was ñ 6· 1% (ñ 7· 0 to ñ 5· 2) in the 80% or more 
adherent group and ñ 3· 9% (ñ 6· 0 to ñ 1· 9) in the less 
than 80% adherent group. In the placebo group, mean 
percent change in total volumetric BMD at the distal 
radius was ñ 1· 9% (ñ 2· 5 to ñ 1· 3) in the 80% or more 
adherent group and ñ 1· 7% (ñ 3· 4 to 0· 0) in the less than 
80% adherent group (pinteraction= 0· 19).

Discussion
We showed that 2 years of exemestane 25 mg per day 
used for prevention of breast cancer in healthy 
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Figure 2: Mean percent change in bone mineral density over time
(A) Total, cortical, and trabecular volumetric bone mineral density (BMD) at the distal radius by high­ resolution peripheral quantitative CT. (B) Lumbar spine, total 
hip, and femoral neck areal BMD by dual­ energy x­ ray absorptiometry. BMD=bone mineral density.
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1ère évaluation osseuse 
497 femmes 

2ème évaluation osseuse 
389 femmes 

Etude prospective longitudinale descriptive 
Service de rhumatologie et Institut de cancérologie, CHU Angers Inclusion 2006-2009 

Cohorte anti-aromatase d’Angers 

Bouvard B et al 
Annals of Oncology 2012; 
23:1151-6  

Initiale 

3 ans 
Bouvard B et al 
Annals of Oncology 2014; 
25: 843-7 



1ère évaluation osseuse 

Cohorte anti-aromatase # 1  

Évaluation complète : clinique, biologique, radiologique, densitométrique  

497 femmes Moyenne 

Âge (années)  63,8 ± 9,6 

Âge au diagnostic de cancer 60,4 ± 10,4 

Âge à la ménopause 49,4 ± 4,5 

Parité 2,4 ± 1,6 

IMC (kg/m2) 27,1 ± 5,4 

Intoxication tabagique (%) 15,3 

Intoxication alcoolique (%) 25,7  

Apport calcique (mg/j) 470 ± 130 

Activité de marche (h/sem) 2,0 ± 1,2 
97 % 

96,4 % 

58,4 %  

40,2 % 

Chirurgie 

Radiothérapie 

Chimiothérapie 

Tamoxifène 

68,4 % 
11,7 %  

19,9 % 
Anastrozole 

Letrozole 

Exemestane 



25 (OH) vitamine D   46,2 ± 23 nmol/L 

Après 74 ans  

 25,7 % < 25 nmol/L 

93,2 % < 75 nmol/L 

Cohorte anti-aromatase # 1  

T-score < - 2,5 : 14,9 % 
Antécédent de fracture non vertébrale 19,1 % 

Fracture vertébrale prévalente ostéoporotique 19,7 % 

< 60 ans 60-70 ans > 70 ans 

T-score fémoral < - 2,5 + âge > 70 ans  

62,9 % 

IMC > 30 kg/m2  

 97 % < 75 nmol/L 

11,7 % < 25 nmol/L 

14,7 % > 75 nmol/L 



Cohorte anti-aromatase # 2  

Évaluation complète à 3 ans : clinique, biologique, radiologique, densitométrique + VFA  

2ème évaluation osseuse à 3 ans 

1ère évaluation osseuse 
497 femmes 

2ème évaluation osseuse 
389 femmes 

267 femmes sans bisphosphonate  

± Ca-vitamine D 

122 femmes traitées par bisphosphonates 

± Ca-vitamine D 

Déménagement  : 30 ! 

Décès : 25 ! 

Perdues de vue : 15 ! 

Métastases :  6 ! 

Arrêt de l’AA : 32 ! 



Cohorte anti-aromatase # 2  

Évolution biologique 
25 (OH) vitamine  D  

 47,2 nmol/L     63,1 nmol/L (p < 0,01) 

CTX sérique  ! 12,5 % (p < 0,01) 

Évolution densitométrique 

5 femmes (5,6%)              T-score < -2,5  

Fractures incidentes 15" (5,6%) 

fractures vertébrales 9  

fractures non vertébrales 15 

  DMO RL : 0,893 ± 0,0594 vs 0,989 ± 0,117 g/cm2 

Évolution biologique 
25 (OH) vitamine D    

 47,5 nmol/L     74 nmol/L (p < 0,01) 

CTX sérique  ! 42 % (p < 0,01) 

Évolution densitométrique 

Fractures incidentes 12" (9,8%) 

fractures vertébrales 7  

fractures non vertébrales 10 

 âge : 74,1 ± 9,8 ans vs 66,5 ± 8,8 ans 

267 femmes sans bisphosphonate ± Ca-vit D 

!"#$ 
!%#$ 

!&#$ 

!'#$ 
' 

-3,5 % lombaire p <0,01 

-2,0 % col  p <0,01 

-2,1% ESF  p <0,01 

122 femmes traitées par bisphosphonates ± Ca-vit D 

!"#$ 

!%#$ 

!&#$ 

!'#$ 
' 

-0,5 % lombaire p =0,3 
-0,2 % col   p =0,5 

+0,3 % ESF  p =0,7 
(')$ 



Efficacité des médicaments de 
l’ostéoporose 

! Bisphosphonates oraux 

! Acide zolédronique intraveineux 

! Dénosumab  



significance (P0.07) [75]. Interestingly, a preplanned analysis
indicated that, when considering overall survival, the adjust-
ed Hazard Ratio (HR) was 1.01 for the premenopausal group
and 0.71 for the established postmenopausal women with a
significant 29% improvement (P0.017) [75].

Several studies have demonstrated the efficacy of
other bisphosphonates in preventing AI-associated bone
loss, although some of them are very small or present
inconclusive results. The ARIBON trial included 131
postmenopausal patients treated for 2 years with anastrozole
(plus calcium/vitamin D supplementation) [76]. Fifty osteo-
penic women were randomized to receive oral ibandronate
150 mg once a month or not. Ibandronate-treated women
showed positive BMD changes (+3.0% and +0.6% at lumbar
spine and total hip, respectively) when compared to those not
receiving ibandronate (−3.2% and −3.9% at lumbar spine and
total hip, respectively) [76]. The primary endpoint of the
SABRE study was to determine lumbar spine BMD changes
from baseline after 1 year of treatment with anastrozole alone
or in combination with risedronate (35 mg administered once
weekly) in 154 patients [77]. After 2 years, the results of the
SABRE study showed a +2.2% and +1.8% BMD increase at
lumbar spine and total hip, respectively, in the group treated
with risedronate [77]. Similar results were noted in older or
smaller trials (Table 2). However, risedronate failed in pre-
venting bone loss in 170 premenopausal women undergoing
adjuvant chemotherapy for breast cancer with anthracyclines,
taxanes, or cyclophosphamide [78]. Oral clodronate (at the
dose of 1,600 mg per day) has been demonstrated to improve
BMD at lumbar spine (+2.9%) and femoral neck (+3.7%) in a
study on 121 postmenopausal women with breast cancer [79].
Studies with alendronate have been performed on a very small
cohort of patients, thus leading to inconclusive results (not
significant increase in lumbar spine and hip BMD) [80, 81].
The effects of the new human monoclonal antibody denosu-
mab have also been explored. A trial has randomized 252 AI-
treated postmenopausal women with hormone receptor-

positive non-metastatic breast cancer to receive placebo or
denosumab 60 mg s.c. every 6 months [82]. After 2 years,
patients assigned to the treatment with denosumab had a
higher BMD than those in the placebo group, both at lumbar
spine (+7.6%) and total hip (+4.7%). A significant increase in
BMDwith denosumab was observed at the lumbar spine after
1 year (+5.5%) and at the radius after 2 years (+6.1%) [82].

Available recommendations

There are few available recommendations. Since 2003,
ASCO has issued specific guidelines addressing the issue
of fracture prevention in postmenopausal women treated
with AIs [15, 83]. ASCO recommends that all patients with
T-score <−2.5 should undergo antifracture therapy with
bisphosphonates (i.e. alendronate, risedronate, or zoledronic
acid), without specific advice on treatment duration. ASCO
also recommends that the decision to treat patients with T-
scores between −1 and −2.5 should be tailored on an individ-
ual basis [83]. The issue of optimal treatment duration has
been addressed in 2008 by an international panel of experts
[84], which has suggested that patients should be treated for at
least 2 years, or possibly as long as AI therapy (up to 5 years),
by administering zoledronic acid at the dose of 4 mg i.v. every
6 months together with calcium and vitamin D supplementa-
tion. This panel of experts recommended to treat all people
with T-score e −2.0, and also those subjects presenting at least
two of the following risk factors: T-score <−1.5, age >65 years,
BMI <20 kg/m², family history of hip fracture, personal his-
tory of fragility fracture after 50 years of age, oral corticoste-
roid therapy >6 months, and cigarette smoking [84]. A recent
revision of these recommendations opens to the possibility of
using oral bisphosphonates by evaluating benefits and risks on
an individual basis [85]. In addition, denosumab is regarded as
a potential treatment option [85]. The international expert
panel suggested that the BMD of patients treated with oral

Table 2 Oral bisphosphonates for preventing AI-induced bone loss in postmenopausal women with early breast cancer

Antiresorptive
agent (trial)

Reference Number BMD
study n

Dosing Treatment
duration, years

Follow-up,
months

Mean change, % BMD

Lumbar
spine

Total hip

Clodronate Saarto [79] 61 61 1,600 mg PO/day 3 60 −1.0 −0.1

Risedronate (IBIS II) Singh et al. [91] 613 59 35 mg PO/week 5 12 +0.3 +0.7

Risedronate Confavreux [92] 118 11 35 mg PO/week 1 12 +4.1 +1.8

Risedronate Greenspan [93] 87 87 35 mg PO/week 2 24 +0.4 +0.9

Risedronate (ARBI) Markopoulos [94] 213 70 35 mg PO/week 2 24 +5.7 +1.6

Risedronate (SABRE) Van Poznak [95] 154 111 35 mg PO/week 2 24 +2.2 +1.8

Ibandronate (ARIBON) Lester [76] 131 50 150 mg PO/day 2 24 +3.0 +0.6

PO per os

Osteoporos Int (2012) 23:2567–2576 2571

Bisphosphonates oraux  

Rizzoli et al Osteoporosis Int 2012 



Acide zolédronique 

! Z-FAST trial, Brufsky et al Cancer 2012 
! 602 femmes ménopausées traitées par létrozole : 

"  Zol d’emblée (n=301) : 4 mg IV tous les 6 mois 
"  Zol retardé (n=301), conditionné à 3 événements : 

# chute de DMO lombaire ou hanche à T score < -2 
#  fracture non traumatique  
# présence d’une fracture vertébrale sur les RX du suivi à 3 ans 

"  Suivi pendant 5 ans des 2 groupes 

! Pas de différence du nombre de fractures dans les 2 
groupes à 61 mois 

! Mieux vaut-il commencer d’emblée…? 



Brufsky et al Cancer 2012 

ensure any negative BMD change was accurately
detected.33 The proportion of patients with a cumulative
decrease of at least 8% in LS BMD from baseline to all
time points was significantly lower in patients receiving
upfront zoledronic acid than in delayed group patients
regardless of baseline T score (Table 2). Delayed patients
with normal baseline T scores were significantly more
likely to have BMD decreases of at least 8% compared
with patients with low baseline T scores (Table 2).

Markers of Bone Turnover
At the first collection, which occurred between months 24
and 48, the median urine NTX value was 27.0 nM BCE/
mM creatinine in the upfront group and 40.0 nM BCE/
mM creatinine in the delayed group. Similar levels were
observed at subsequent time points, regardless of the tim­
ing of the first collection, with median urine NTX levels
always being lower in the upfront group. The difference
between the groups was not significant at any time,

Figure 2. Mean (standard error of the mean [SEM]) percentage change in bone mineral density (BMD) is shown of (A) lumbar
spine (LS) at months 12, 24, 36, 48, and 61; (B) LS in the upfront, delayed no zoledronic acid (ZOL), or delayed receiving ZOL
groups by month 61; (C) total hip (TH) at months 12, 24, 36, 48, and 61; and (D) TH in the upfront, delayed no ZOL, or delayed
receiving ZOL groups by month 61. P values are given for intragroup comparisons from baseline to all time points.

Table 2. Patients With Decrease in Lumbar Spine Bone
Mineral Density (g/cm2) of !8% From Baselinea

Baseline
T Score

Upfront Group,
n5300, No. (%)

Delayed Group,
n5300, No. (%)

Month 12
>21 0 (0.0) 14 (4.7)

21 to 22 1 (0.3) 10 (3.3)

Month 24
>21 1 (0.3) 32 (10.7)

21 to 22 1 (0.3) 14 (4.7)

Month 36
>21 1 (0.3) 48 (16.0)

21 to 22 1 (0.3) 16 (5.3)

Month 48
>21 3 (1.0) 55 (18.3)

21 to 22 1 (0.3) 17 (5.7)

Month 61
>21 5 (1.7) 60 (20.0)

21 to 22 1 (0.3) 17 (5.7)

a Intent­ to­ treat population.

Original Article

1196 Cancer March 1, 2012



Acide zolédronique 

! 3 autres essais avec un design similaire : 
"  ZO-FAST trial, Coleman et al Ann Oncol 2013 
"  E-ZO-FAST trial, Llombart et al Clin Br Cancer 2012 
"  N03CC trial, Hines et al  Breast Cancer Res Treat 2009 

! Résultats semblables pour le bénéfice osseux : 
"  évolution plus favorable de la DMO si zol d’emblée 
"  mais peu de patientes passent dans la « zone rouge »… 
"  pas d’effet sur les fractures 

! ZO-FAST : peut-être bénéfice sur survie globale et 
survie sans événement ? 

! Mieux vaut-il commencer d’emblée…? 



Hines et al  Breast Cancer Res Treat 2009 



Llombart et al Clin Br Cancer 2012 



Coleman et al Ann Oncol 2013 



Coleman et al Ann Oncol 2013 

Disease free survival Overall survival 



Dénosumab  

! Ellis et al JCO 2008 et Br Cancer Res Treat 2009 

! Essai de phase 3 contrôlé contre placebo : 
" 252 femmes incluses 
" D-mab 60 mg tous les 6 mois pendant 2 ans 
" évaluation DMO, marqueurs, fractures, effets secondaires 

! Augmentation DMO de 7,6% à 2 ans 

! Diminution des marqueurs du remodelage 

! Pas de conclusion sur les fractures ; bonne tolérance 



Recommandations de pratique clinique 

! Mesure de DMO en début de traitement 

! Évaluation des facteurs de risque (score FRAX) 

! Mesures générales toujours importantes : ajuster 
calcium et vitamine D, recommander activité 
physique, éliminer autres facteurs 

! Indication d’un bisphosphonate (dénosumab) : 
tenir compte de l’âge, des antécédents de fracture, 
de la DMO, des autres facteurs de risque (FRAX) 



bisphosphonates should be monitored every 1–2 years, while
the decision of the time interval for women undergoing i.v.
administration of zoledronic acid has not been clearly defined
[84]. On the other hand, postmenopausal women treated
with AIs who are not receiving any anti-osteoporotic
drug should undergo a BMD measurement after 1–2 years
of AI therapy and a regular assessment of their risk status [84,
85]. Therefore, as long as antiresorptive therapy to prevent
additional bone loss is initiated, osteoporosis (with or
without a history of fractures) is not a contraindication
for AI therapy in postmenopausal women with early
breast cancer [84, 85]. The panel recommended that
antiresorptive therapy should be continued as long as
AI therapy is maintained, currently most often 5 years
[84, 85]. The preference was given to zoledronic acid
4 mg i.v. every 6 months since it is the only antire-
sorptive agent with demonstrated efficacy and safety
over such a long duration [84, 85].

A consensus of the “Belgian Bone Club” suggested treat-
ing all patients with T-score <−2.5 or <−1 who also present
other clinical risk factors with i.v. zoledronic acid (as first
choice drug), or with oral bisphosphonates, for the duration
of AI therapy, providing adequate calcium and vitamin D
supplementation at the same time [86]. A UK expert group
considered all bisphosphonates as appropriate (zoledronic
acid 4 mg i.v. every 6 months, oral ibandronate 150 mg per
os every month or 3 mg i.v., oral alendronate 70 mg weekly,
oral risedronate 35 mg weekly), with the decision to treat
being based on the sole BMD value (T-score <−2.0), or
the occurrence of a vertebral fracture, or an annual bone
loss >4% (at lumbar spine or total hip) for T-score
between −1.0 and −2.0 and the presence of risk factors
(i.e., age >65 years; BMI <20 kg/m²; family history of
hip fracture; personal history of fragility fracture; corti-
costeroid therapy >6 months; cigarette smoking). Elderly

women (>75 year) with at least one risk factor should
be treated with a bisphosphonate irrespective of BMD
[87]. According to the same UK expert group, premen-
opausal women with ovarian suppression undergoing AI
therapy should receive a proper antifracture drug if their
T-score is <−1.0 or in case of vertebral fracture [87].

ESCEO working group guidance

There is clear evidence for an association between increased
bone loss and risk of fragility fractures and the administra-
tion of AIs to postmenopausal women with breast cancer.
Despite the growing recognition of the frequency and the
consequences of AI-induced bone loss, there are currently
no therapies specifically approved for its prevention. We
recommend that all women starting a therapy with AIs
should be carefully assessed for their baseline risk of oste-
oporotic fractures by performing a DXA examination and a
full evaluation of all clinical risk factors (including age,
parental fracture history, BMI <20 kg/m², corticosteroid
use, cigarette smoking, inadequate nutritional intakes, dis-
use, tendency to falls, and conditions associated to osteopo-
rosis). A biochemical survey should include determination
of calcium, PTH, and vitamin D levels, to exclude primary
hyperparathyroidism and to diagnose vitamin D insufficien-
cy or deficiency [53–55]. The role of biochemical markers
of bone turnover should be further investigated to assess
their ability to predict and possibly monitor bone loss in this
setting. General recommendations include an increase in
physical exercise and, in most patients, administration of
supplemental vitamin D (a weekly dose of up to 10,000 or
>800 IU/day) and calcium to maintain a calcium intake of at
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[84]. On the other hand, postmenopausal women treated
with AIs who are not receiving any anti-osteoporotic
drug should undergo a BMD measurement after 1–2 years
of AI therapy and a regular assessment of their risk status [84,
85]. Therefore, as long as antiresorptive therapy to prevent
additional bone loss is initiated, osteoporosis (with or
without a history of fractures) is not a contraindication
for AI therapy in postmenopausal women with early
breast cancer [84, 85]. The panel recommended that
antiresorptive therapy should be continued as long as
AI therapy is maintained, currently most often 5 years
[84, 85]. The preference was given to zoledronic acid
4 mg i.v. every 6 months since it is the only antire-
sorptive agent with demonstrated efficacy and safety
over such a long duration [84, 85].

A consensus of the “Belgian Bone Club” suggested treat-
ing all patients with T-score <−2.5 or <−1 who also present
other clinical risk factors with i.v. zoledronic acid (as first
choice drug), or with oral bisphosphonates, for the duration
of AI therapy, providing adequate calcium and vitamin D
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the occurrence of a vertebral fracture, or an annual bone
loss >4% (at lumbar spine or total hip) for T-score
between −1.0 and −2.0 and the presence of risk factors
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women (>75 year) with at least one risk factor should
be treated with a bisphosphonate irrespective of BMD
[87]. According to the same UK expert group, premen-
opausal women with ovarian suppression undergoing AI
therapy should receive a proper antifracture drug if their
T-score is <−1.0 or in case of vertebral fracture [87].

ESCEO working group guidance

There is clear evidence for an association between increased
bone loss and risk of fragility fractures and the administra-
tion of AIs to postmenopausal women with breast cancer.
Despite the growing recognition of the frequency and the
consequences of AI-induced bone loss, there are currently
no therapies specifically approved for its prevention. We
recommend that all women starting a therapy with AIs
should be carefully assessed for their baseline risk of oste-
oporotic fractures by performing a DXA examination and a
full evaluation of all clinical risk factors (including age,
parental fracture history, BMI <20 kg/m², corticosteroid
use, cigarette smoking, inadequate nutritional intakes, dis-
use, tendency to falls, and conditions associated to osteopo-
rosis). A biochemical survey should include determination
of calcium, PTH, and vitamin D levels, to exclude primary
hyperparathyroidism and to diagnose vitamin D insufficien-
cy or deficiency [53–55]. The role of biochemical markers
of bone turnover should be further investigated to assess
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