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AbstrAct 

Breast cancer is the most commonly diagnosed cancer
among women, but despite survival rates improve-
ment, it is still the second major cause of cancer rela-
ted death. In postmenopausal women with estrogen re-
ceptor (ER) dependent breast cancer, hormone thera-
py is an option, either by direct inhibition of ER using
tamoxifen or by aromatase inhibition, resulting in de-
creased estrogen production. In this paper these two
endocrine therapy approaches are compared in terms
of their impact on bone health. Guidance for the pre-
vention of bone loss and occurrence of fractures in post -
menopausal women receiving AIs is also proposed.
Despite intervention strategies to maintain bone health
in AI-treated patients are not well established, recom-
mendations by international societies to identify wo-
men with high risk of fracture and advice on the pre-
ventive anti-fracture therapy are exposed. Finally, avai-
lable therapeutic options for management of bone loss
in patients receiving AIs are presented. The search stra-
tegy for this literature review was conducted by using
the key words “aromatase inhibitor*” and “bone loss”
OR “aromatase inhibitor*” and “osteoporosis” in the
MEDLINE/PubMed database. Nowadays, hormone-
-responsive breast cancer in postmenopausal women
is preferably being treated with AIs instead of tamoxi-
fen, due to clear benefits in disease-free survival and
re  duced recurrence. AIs have an advantageous side ef-
fect profile compared to tamoxifen, however all AIs
have detrimental long-term effects on bone, due to
nearly complete depletion of estrogens, resulting in in-
creased bone loss and increased risk of fracture. Cur-
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rent recommendations state that all women treated with
AIs should be evaluated for their fracture risk prior to
initiation of AI-treatment, taking in consideration in-
dividual bone mineral density and several risk factors.
The thresholds to introduce preventive therapy and
drugs proposed differ among the available recommen-
dations. Lifestyle modifications and adequate calcium
and vitamin D supplementation have been documen-
ted to have good impact in long-term bone health.
Addi tionally, bisphosphonates are the first therapeutic
option for AI induced bone loss and should be conti-
nued as long as AI-treatment is maintained, being iv
zoledronic acid 4mg every 6 months the best tolerated
option.

Keywords: Osteoporosis; Bone loss; Aromatase inhi-
bitors; Breast carcinoma.

IntroductIon

Breast cancer is the most frequently diagnosed cancer
in females and it is expected that 1:8 women will de-
velop breast cancer in their lifetime. Despite survival
rates have improved, it is still the second major cause
of cancer-related death1. From all breast cancer cases,
about two thirds are hormone-dependent2, meaning
that either estrogen receptor (ER), progesterone rece -
ptor (PR) or both are expressed by tumor cells3. Endo-
crine therapy is an option in the adjuvant treatment
and can be achieved by two different mechanisms: 1)
preventing cancer cells to interact with ER using selec-
tive estrogen receptor modulators (SERMs) and 2) inhi -
biting the peripheral tissue conversion of androgens
into estrogens with aromatase inhibitors (AIs).

Advances in breast cancer treatment of postmeno-
pausal women have led to long-term survival impro-
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vement. For decades, tamoxifen has been the standard
of care for the adjuvant treatment of breast cancer4. At
present, AIs have shown a better overall response and
reduced risk of recurrence in postmenopausal women
with breast cancer when compared to tamoxifen4-6.
With the increasing use of AI as an alternative to ta-
moxifen, the side-effect profile of AIs vs tamoxifen has
to be considered in what concerns health and quality
of life. In fact, there are overlapping side-effects with
some important differences. The consequences of AI-
-adju vant treatment of postmenopausal women in
bone health are addressed. This paper also aims to pro-
vide updated guidance integrating the most relevant
and current recommendations of international socie-
ties and experts’ opinions to identify subjects at in-
creased risk of fracture and the therapeutic strategies
to prevent bone loss in postmenopausal patients un-
der adjuvant treatment of breast cancer with AIs.

seArch strAtegy

A literature review was conducted selecting studies
using the electronic database MEDLINE/PubMed. The
database was searched up to 31st August 2014 and the
following key words were applied: “aromatase inhibi-
tor*” and “bone loss” OR “aromatase inhibitor*” and
“osteoporosis”. The title and abstract of studies were
scanned to exclude irrelevant studies for this review.
Papers published in English or Portuguese were in-
cluded and animal studies were excluded. Additional
studies were identified from the reference list of all ar-
ticles retrieved from computerized search. The first
author made the search and both authors read the
identified relevant articles.

endocrIne therApeutIc optIons for 

AdjuvAnt treAtment of breAst cAncer

For decades, therapy with tamoxifen (a SERM) for a
period of 5 years has been considered the gold stan-
dard therapy for hormone-dependent breast cancer,
with 39% reduction in relapse risk and 24% reduction
in mortality risk6. Particularly in patients with axillary
lymph node involvement, tamoxifen use was associa-
ted with a reduction in global mortality risk5,6. How -
ever, there are two important facts that should be ta-
ken into consideration when using tamoxifen: firstly,
about 30% of hormone-dependent breast cancers are

primarily resistant to tamoxifen and it is expectable
that around 40% will develop resistance7,8 and secon-
dly, the use of tamoxifen is associated with higher in-
cidence of thromboembolic events and increased risk
of developing uterine cancer9,10.

Aromatase inhibitors block the last step in estrogen
biosynthesis by inhibiting the cytochrome P-450 en-
zyme, aromatase, responsible for the peripheral con-
version of androgens to estrogens11. AIs are classified
into type 1 inhibitors, steroidal analogues of andros-
tenedione that irreversibly bind to the active site of
aromatase, and type 2 inhibitors, non-steroidal com-
pounds that reversibly bind to the heme group of aro-
matase12,13. Three generation of AIs were developed,
being the members of the third generation better tole-
rated and higher selective for aromatase. The third ge-
neration AIs are anastrozole, letrozole, and exemesta-
ne and a recent meta-analysis showed comparable anti-
-tumor efficacy among the three drugs. Several studies
comparing AIs with tamoxifen in postmenopausal
breast cancer patients showed significant overall res-
ponse, disease-free survival and reduction of recur-
rence risk for AIs, making them suitable as first-line
hormonal therapy in these women5,6,14-17,27. Different
studies were also performed in order to understand if
there is any benefit on sequential hormone-therapy
with AIs after 2-3 years of tamoxifen for a total of 5
years of endocrine therapy compared to 5-years of ta-
moxifen monotherapy15,18. These studies revealed that
5-years sequential therapy is a comparable alternative
to tamoxifen monotherapy,15,18 showing that there is
no benefit of combining SERMs with AIs15,19-22. How -
ever, in the MA-17 study, all disease-free women which
have completed 5-years of adjuvant tamoxifen, bene-
fit from an additional period of five years with letro-
zole21. Furthermore, The ATLAS trial showed incre-
mental benefit for 10 years than 5-years treatment with
tamoxifen, with lower risk of late recurrence and lower
risk of death23. Now, that a benefit of extended adju-
vant endocrine therapy has been reported, ongoing
studies to assess advantage of extended AI-adjuvant
therapy beyond 5-years are taking place24.

AromAtAse InhIbItIon Induced bone loss

A major concern in AI-adjuvant treatment is the mar-
ked decline in estrogen levels, which might be implica -
ted in increased bone loss and fracture risk25-27. The
bone loss rate of AI -treated postmenopausal women
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with breast cancer is higher when compared to
postme nopausal women without breast cancer (1-2%
vs 2.5% a year)28,29. Another study revealed that the
number of cases of reduced BMD in postmenopausal
women with breast cancer compared with a group of
healthy postmenopausal women is higher in the first
group30. The majority of studies with breast cancer
post menopausal women to assess the consequence of
AI adjuvant therapy on bone were conducted in com-
parison to tamoxifen. Some studies have shown that
AIs are responsible for accelerated bone loss (lumbar
spine BMD and total hip BMD decrease) and increased
fracture incidence, whereas tamoxifen has been asso-
ciated with bone protection6,14,31,32. Despite know ledge
of baseline BMD status is of major importance and
most patients are clinically diagnosed as osteopenic or
osteoporotic, only a small percentage of women which
were enrolled in the IES (International Exemestane
Group)33, ATAC6 or BIG 1-98 (Breast International
Group)34 trials were reported as so, before initiating AI
adjuvant therapy. A recent prospective cohort study of
postmenopausal breast cancer patients receiving AIs
reinforces the need for accurate evaluation of bone
health before initiating AI adjuvant therapy as signifi-
cant prevalence of osteopenia (60.1%), osteoporosis
(22%) and fracture (11.4%) at baseline, was reported35.
Although the absolute fracture rates were diverse
among trials, an approximately 1.5% higher risk of
fracture in different large AI trials was reported for all
three AIs, anastrazole6,32, letrozole34,21 and exemesta-
ne14, in comparison to tamoxifen. For bone health
maintenance is it believed that the strategy of AI-treat-
ment (monotherapy, sequential) and the duration of
treatment (5-years or extended) is more important
than the specific drug option28. Furthermore, all three
AIs, anastrazole, letrozole and exemestane, showed
signi ficant enhancement of bone turnover markers,
respectively in the ATAC substudy29, MA.17 bone
substudy20,36 and IES substudy33,37.

AIs are associated with accelerated bone loss and
increased incidence of fractures, whereas tamoxifen
has shown to have protective effects on bone due to its
partial estrogen-agonist activity. This effect is most ap-
parent in the trabecular bone and has been associated
with decreased bone resorption and formation, which
results in favorable effects on bone health and decline
in the incidence of fractures38-41. However, any benefi-
cial effect that tamoxifen therapy might produce on
bone ceases once treatment is stopped and it does not
occur before menopause42. In the IES study, a group of

breast cancer patients were treated with prolonged ta-
moxifen-therapy, whereas another group changed from
tamoxifen to exemestane during the study. Women
that stayed in tamoxifen had comparable BMD levels
from baseline, but those who switched from tamoxi-
fen to exemestane had increased bone loss33. Theore-
tically, we could expect that the steroidal AIs had fewer
side effects on bone in comparison to the non-steroi-
dal compounds due to their weak androgenic activity,
which is consistent with the results obtained in a stu-
dy showing BMD reduction at lumbar spine and total
hip, respectively, both for exemestane (-4% and -2%)
and letrozole (-5.3% and -3.6%).

At menopause, the decline in estradiol serum levels
is responsible for an increase in serum bone resor ption
markers, such as C-telopeptidase (CTX), N-telopepti-
dase (NTX) and the reduction of bone formation mar-
kers, as bone specific alkaline phosphatase (bAP), 
N-terminal propeptide of procollagen type I (P1nP),
osteocalcin (OC). Bone resorption markers and bone
formation markers levels were also increased in breast
cancer postmenopausal patients treated with any of
the three third generation AIs, exemestane43, anastra-
zole29,44, and letrozole44, while for patients receiving ta-
moxifen, a decrease in bone turnover biomarkers was
observed44. Although several studies have shown hi -
gher bone turnover biomarkers serum levels in AIs-
-treated patients in comparison to tamoxifen-treated
patients, there is no indication for using bone biomar-
kers to recognize women at increased fracture risk in
clinical practice.

rIsk Assessment And frActure 

preventIon In AI-treAted pAtIents

Considering the widespread use of estrogen-suppres-
sive therapies in breast cancer patients, it is of great
importance to find strategies to overcome the delete-
rious effects of prolonged AI-therapy. Therefore, it is of
major importance to identify patients at risk of in-
creased fracture and define which patients receiving
AI treatment should undergo fracture-preventive treat-
ments. The overall fracture risk may be determined ta-
king in consideration the individual BMD loss (by DXA
examination at lumbar spine/hip) and several risk 
factors such as age, smoking, alcohol intake, family
his tory of fracture, previous fragility fracture, corticos -
teroid therapy, diseases or anticancer therapies that
may contribute to impaired bone health. The World



ÓRgÃO OFiCiAL dA SOCiEdAdE PORTUgUESA dE REUMATOLOgiA

326

ManageMent of bone loss in postMenopausal breast cancer patients treated with aroMatase inhibitors

Health Organization Fracture Risk Assessment (FRAX)
Tool algorithm is a key development in predicting risk
fracture. However it does not take into consideration
significant risk factors such as number of previous frac-
tures, physical inactivity, risk for fall and insufficient
nutritional intakes, which result in underestimation of
fracture risk45. Additionally, “secondary osteoporosis”
may comprise several circumstances that if occurring
concomitantly will also be under-evaluated. Moreover,
during active treatment, AIs are expected to have a
high er effect on fracture risk which will be underesti-
mated considering the “secondary osteoporosis” in the
FRAX tool. For this reason, FRAX remains limited to
assess baseline fracture risk in women about to start
AIs therapy46-48. 

Currently, there are several therapeutic options
appro ved for osteoporotic fractures prevention in post -
menopausal women that have also been proposed for
the management of aromatase inhibition induced bone
loss. In this paper, international recommendations re-
garding the identification of women at risk of fracture
and pharmacologic interventions for the prevention
and treatment of AI-associated bone loss in postme-
nopausal women with breast cancer will be elucida-
ted49. In 2003, the American Association of Clinical
Oncology (ASCO) proposed orientations regarding
this subject, stating that all patients with a T-score be-
low -2.5 should be treated with bisphosphonates to
prevent fractures, whereas the decision to treat patients
with T-score between -1 and -2.5, should in an indivi-
dual basis50. The optimal duration of anti-resorptive
treatment was not elucidated, but few years later, a stu-
dy suggested that bone-protective treatment should to
be continued at least 2 years, or possibly as long as the
AI-therapy is maintained51. These guidelines also re-
commended that all postmenopausal women with
breast cancer should have their BMD evaluated befo-
re starting AI therapy and that BMD should be re-eva-
luated and their fracture risk status reassessed after 
1-2 years of treatment, either if they are receiving anti-
-osteoporotic treatment or not51,52. A UK expert group53

recommended that women with BMD <-2.0 or, alter-
natively, with a T-score between -1.0 and -2.0 and a
vertebral fracture, bone loss higher than 4% a year or
one or more risk factors should receive anti-resorpti-
ve therapy, namely bisphosphonates. Moreover, those
with at least one risk factor and over 75 years should
be treated with a bisphosphonate, regardless of BMD
value. Risk factors for osteoporotic fracture included
previous fragility fracture above the age of 50 years;

parental history of fracture; body mass index (BMI) of
<22; alcohol consumption, corticoid therapy for at
least 6 months and diseases known to increase bone
fracture53. European guidelines, state that all women
treated with AIs should be evaluated for risk factors
for bone fracture whereas baseline fracture risk should
be assessed by performing a DXA examination on
hip/spine. Women with a T-score hip/spine <-2.5 or
≥1 prevalent fragility fracture, women over 75 years
independently of BMD or with a T-score <1.5 + 1 or
more clinical factor risk or a T-score <-1 + 2 or more
clinical risk factors should be treated for the entire pe-
riod of AI treatment with zoledronic acid 4mg i.v. eve-
ry 6 months, denusomab or alternatively oral bisphos-
phonates. Additionally, women with a FRAX determi-
ned 10-year hip fracture probability over 3% should
also undergo anti-resorptive therapy47.  Additionally, it
is recommended that physical activity should be in-
creased and that patients should receive vi tamin D (a
dose of up to 10000IU/week or 800IU/ /day) and cal-
cium (at least 1000mg/day) supplementation47.

therApeutIc optIons for mAnAgement

of bone loss In pAtIents receIvIng AIs 

lIfestyle modIfIcAtIons, cAlcIum And 

vItAmIn d

Lifestyle modifications in what concerns smoking avoi-
dance and regular exercise are of great importance to
preserve bone health50. Despite evidence is limited to
few small trials, it appears that regular exercise may
help slow down bone loss in postmenopausal women
with breast cancer51. Vitamin D at a dose of 482-
-770IU/day has been documented to be effective in de-
creasing non-vertebral (20%) and hip fractures (18%)
in women over 65 years in a meta-analysis of rando-
mized controlled trials54. It is also known that breast
cancer patients often have lower levels of vitamin D
compared to age-matched healthy women28. For that
reason, PTH, calcium and 25-OH-vitamin D blood le-
vels are also a key issue and should be evaluated befo-
re initiating AI adjuvant treatment of breast cancer to
detect vitamin D deficiency and to exclude cases of hy-
perparathyroidism35,55. Despite association between vi-
tamin D serum levels and breast cancer incidence and
mortality risk is not well clarified, different studies re-
commend an intermediate level of vitamin D, showing
that both too low and too high levels of vitamin D
should be avoided47. In conclusion, calcium and vita-
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min D, if not contraindicated (eg. patients with hiper-
calcemia), should be initiated in patients with low vi-
tamin D levels receiving AIs56 and based on recent gui-
delines, a 10.000 IU dose of vitamin D/ per week and
1000mg calcium/day are recommended in women
with breast cancer57.

bIsphosphonAtes

Alendronate, risedronate, ibandronate and zoledronic
acid (ZA) are the most used agents for osteoporosis
prevention and benefits are clearly demonstrated by
the risk reduction of vertebral fracture by 30-70% in
osteoporotic patients58. The use of these drugs have
been extended to help in the management and pre-
vention of AI-associated bone loss51,59-66. Although oral
bisphosphonates have shown to effectively treat bone
loss in women with breast cancer, there is no data on
how this translate to fracture reduction in women trea-
ted with AIs63,65,66. Oral bisphosphonates have pro-
blems related to bioavailability, compliance to the treat-
ment and, occasionally, gastrointestinal intolerance
that may impair optimal treatment27. Switching from
oral to i.v. bisphosphonates might be an alternative to
overcome these problems and is indicated when pa-
tients have an unsatisfactory adherence to the therapy
or when a decrease in bone mass density (BMD) is
obser ved after 1-2 years on oral bisphosphonates51.
ZA, an intravenous bisphosphonate, has shown to be
a good option for osteoporosis treatment and to pre-
vent bone metastasis complications67. The preventive
effect of ZA in letrozole-induced bone loss in breast
cancer patients was documented in three randomized
international studies, Z-FAST, ZO-FAST and E-ZO-
-FAST59,68,69. The Z-FAST protocol included adminis-
tration of letrozole in combination with ZA initiated in
two different moments: ZA starting at randomization
and postponed ZA (initiated after the occurrence of a
non-traumatic fracture or when a decrease of -2 in the
T-score was recognized). It was demonstrated that
long-term administration of letrozole in association
with ZA at a dose of 4 mg every 6 months is well tole-
rated and that ZA should be administered at the time
of initiation of AI therapy60. The ZA bone protective
effect was demonstrated by increased BMD in total hip
and lumbar spine, evaluated in an annual basis. This
protective effect was independent of T-score before
starting AI treatment, chemotherapy or number of risk
factors implicated in enhanced risk of bone loss4,59,68.
Likewise, the results from the ZO-FAST study de-
monstrated that ZA is associated with a significant in-

crease in BMD in AI-treated patients and that up-front
therapy is preferred over delayed scheme68. It should
be noted that despite BMD increase in ZA treated pa-
tients, no difference in fracture incidence was observed
when comparing the upfront or delayed therapy sche-
me with ZA68. Furthermore, ZA showed to have long-
lasting effects. As documented in this study, two years
after stopping treatment, a sustained improvement in
BMD was observed in patients treated with ZA when
compared to baseline BMD, whereas patients not re-
ceiving ZA showed a decrease in BMD from baseline.

In what regards time interval for BMD evaluation,
an international expert group indicated that BMD
should be evaluated every 1-2 years in all patients re-
ceiving AIs with a T-score >-2 and no risk factors asso -
ciated to bone loss. All subjects having a T-score below
-2 and all patients with at least two of the following
risk factors: T-score < -1.5, age > 65 years, BMI < 20 Kg/m2,
smoking, oral corticosteroid therapy >6 months dura-
tion, family history of hip fracture and personal histo-
ry of fragility fracture after 50 years should undergo
bone protective therapy. BMD should be monitored
every two years. The suggested treatment should be
continued during all extension of AI-treatment and in-
clude calcium, vitamin D and zoledronic acid 4mg eve-
ry 6 months51.

Apart from the well documented ZA favorable 
effects in bone health, recent studies also indicate that
ZA is responsible for antitumor activity. Several mecha -
nisms may contribute to this effect, namely induction
of tumor cell apoptosis, inhibition of cell proliferation
and migration, synergism with cytotoxic chemothera-
py and anti-angiogenic action2,68. Finally, both oral and
intravenous bisphosphonates have shown to reduce
the risk of breast cancer recurrence in pre-and post -
menopausal women59 68.

serms

SERMs, such as tamoxifen and raloxifene, bind with
high affinity to ER receptors, exerting agonist activity
in bone that is implicated in suppression of bone remo -
deling28. Tamoxifen provides only modest protection
against bone loss and fracture risk, being raloxifen the
only SERM that is approved for the treatment of osteo -
porosis in postmenopausal women and solely indica-
ted for women which are not receiving tamoxifen, due
to the possible cross-resistance that might occur50.
Addi tionally, there is no evidence to recommend the
use of raloxifene in the adjuvant treatment of breast
cancer with AI6.
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terIpArAtIde

Teriparatide, a recombinant human parathyroid hor-
mone analog, has shown to be effective in decreasing
fracture incidence in osteoporotic men and women
and can be used as an alternative to biphosfonates
when they are not tolerated or when its use is contra-
indicated70. However, teriparatide is associated with
enhanced risk of osteosarcoma, particularly in patients
exposed to radiation therapy to the skeleton71. In this
literature review no reference to the use of teriparati-
de to control bone loss induced by AIs was found.

denosumAb

Denosumab is a human monoclonal antibody that 
binds to the receptor activator of nuclear factor kappa-B
ligand (RANKL), an important mediator of osteoclast
formation, which has recently been developed as a new
targeted bone therapy52. A recent study demonstrated
that denosumab significantly increased BMD in 
AI-treated patients compared to placebo, how ever the
reduction in cancer recurrence was not obser ved as
with ZA67. In a large randomized study, denosumab
was more effective at preventing skeletal related events
in patients with bone metastases from solid tumors,
when compared ZA72.

conclusIon

Recently, long-term adjuvant aromatase inhibition be-
came the gold standard for treatment of hormone-res-
ponsive breast cancer, due to superior disease-free
survi val comparing to tamoxifen. Generally, AIs have
a favorable side-effect profile compared to tamoxifen,
however bone loss is a chief concern in AI adjuvant
treatment because it is associated with increased risk
of fractures. Existing guidelines from international so-
cieties and expert panels for prevention of aromatase
induced bone loss recommend the use of anti-resor -
ptive therapy in postmenopausal women receiving 
AI-therapy and are unanimous in considering that it is
essential to evaluate individual BMD (preferably in to-
tal hip or lumbar spine), before initiation of therapy.
However, the T-score cut-offs for initiation of osteo-
porotic therapy whereas the identified risk factors as-
sociated with enhanced risk of osteoporosis vary
among guidelines.

Strategies that may have a positive impact in long-
term bone health in postmenopausal AI-treated pa-
tients include lifestyle modifications and adequate cal-

cium and vitamin D supplementation. Bisphosphona-
tes (oral or iv) are effective in preventing BMD loss in
postmenopausal women treated with AIs. The strong -
est data available in terms of number of patients and
time of follow up, recommend that patients at risk of
accelerated bone loss should be treated with 4 mg in-
travenous ZA every 6 months. The duration of anti-
-resorptive therapies should be as long as that of AI
administration and BMD should be re-evaluated and
fracture risk status reassessed after 1-2 years of treat-
ment. In addition to the effective positive effects on
bone, there is now evidence of the anticancer benefits
of ZA.
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