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Adjuvant breast cancer treatments  
associated with bone loss

Tamoxifen is the most widely used endocrine treatment •	
for breast cancer, and, until recently, was the gold stand-
ard for the adjuvant treatment of patients with oestrogen 
receptor-positive (ER+) operable breast cancer. 
There is increasing use of aromatase inhibitors for the •	
adjuvant treatment of postmenopausal women with ER+ 
breast cancer instead of, or following, initial tamoxifen 
therapy; this has been due to proven increased efficacy at 
reducing the risk of disease recurrence.

Tamoxifen: effect on bone health
Despite pre and postmenopausal women having a similar •	
anticancer response to tamoxifen, a differential effect on 
bone health is observed between the two patient groups.
In premenopausal women with high levels of circulating •	
oestrogen from the ovaries, tamoxifen predominantly has 
an anti-oestrogenic effect, causing increased loss of BMD 
for 1–2 years; however, this is not persistent through 5 
years of tamoxifen therapy. 
By contrast, in low oestrogen states tamoxifen has an •	
oestrogen agonist effect.  In premenopausal women with 
ovarian suppression or ablation, tamoxifen may margin-
ally reduce the bone loss associated with the rapid loss of 
ovarian function. In postmenopausal women, tamoxifen 
has an oestrogen agonist effect causing a small but signif-
icant increase in BMD, and this may lead to a significant 
reduction in the risk of fractures.

Understanding osteoporosis and 
its diagnosis and management

Osteoporosis is defined as a skeletal disorder character-•	
ised by compromised bone strength predisposing to an 
increased risk of fracture. 
Well-established risk factors for fracture include older age, •	
female gender, corticosteroid use, secondary osteoporo-
sis, family history of fracture, prior fragility fracture, low 
body mass index, smoking, excess alcohol consumption 
and low bone mineral density (BMD). 
In terms of BMD, osteoporosis is defined by the World •	
Health Organization as a BMD that is 2.5 standard devia-
tions (SD) or more below the average value for young 
healthy women (a T-score of <–2.5 SD). This criterion has 
been widely accepted and, in many countries, provides 
both a diagnostic and intervention threshold.

Breast cancer treatments associated 
with ovarian suppression

A number of breast cancer treatments are associated with •	
premature ovarian suppression, including treatment with 
gonadotrophin-releasing hormone inhibitors, chemo-
therapy, or surgical ablation.
The rate of bone loss may exceed 5% per year (compared •	
with 2–5% in women undergoing a natural menopause), 
thereby increasing the risk of osteoporosis and fractures 
for the women being treated.

Executive summary
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Aromatase inhibitors: effect on bone health
Despite the overall favourable tolerability profile of  •	
aromatase inhibitors, an adverse effect on bone health 
has been demonstrated. 
In postmenopausal women, the use of aromatase inhibi-•	
tors increases bone turnover and induces bone loss at 
sites rich in trabecular bone at an average rate of 1–3% 
per year leading to an increase in fracture incidence com-
pared with that seen during tamoxifen use. The bone 
loss is much more marked in young women with treat-
ment-induced ovarian suppression followed by aromatase  
inhibitor therapy (average 7–8% per annum).
Randomised clinical trials in postmenopausal women •	
indicate that bisphosphonates prevent the bone loss and 
accelerated bone turnover associated with aromatase 
inhibitor therapy and are a promising strategy for the  
prevention and treatment of osteoporosis in this setting.
Pre-treatment with tamoxifen for 2–5 years may reduce •	
the clinical significance of the adverse bone effects  
associated with aromatase inhibitors, particularly if this 
leads to a shortening in the duration of exposure to an 
aromatase inhibitor. However, skeletal status should still 
be assessed at the commencement of aromatase inhibitor 
therapy. 

Recommendations for managing 
treatment-induced bone loss

The rate of bone loss in women who experience a premature •	
menopause before the age of 45 or are receiving ovarian 
suppression therapy is accelerated by the concomitant use 
of aromatase inhibitors. These patients are considered to 
be at high risk of clinically important bone loss and should 
have a baseline dual energy X-ray absorptiometry (DXA) 
assessment of BMD.
Treatment initiation recommendations are based on a •	
combination of risk factors for osteoporotic fracture and 
BMD levels.
Bisphosphonates, along with a healthy lifestyle and  •	
adequate intake of calcium and vitamin D are the treatments 
of choice to prevent bone loss.
Owing to the rate of bone loss associated with breast •	
cancer treatments, and uncertainties about the interaction 
between aromatase inhibitor use and BMD for fracture risk, 
the threshold for intervention has been set at a higher 
level than that generally recommended for postmenopausal 
osteoporosis.
Management recommendations have been summarised in •	
two algorithms, one for women experiencing a premature 
menopause and the other for postmenopausal women 
requiring adjuvant aromatase inhibitor therapy.
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Introduction 

Randomised clinical trials show that many of the therapies 
used in breast cancer are associated with bone loss, which in 
turns leads to an increased risk of fracture. Advances in treat- 
ments have improved long-term survival in women diagnosed 
with breast cancer, which means that it is increasingly  
important to ensure that bone health is maintained both 
during and after anticancer treatments.

The majority of women being treated for breast cancer are not 
under the care of a bone specialist. Therefore, the aim of this 
guidance is to provide non-bone specialists with a rationale 
for treating cancer treatment-induced bone loss. 
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Methodology

Selection of Expert Group
The guidance was developed by a UK Expert Group selected 
from clinical stakeholders in the management of breast cancer 
(medical/clinical oncologists and breast surgeons) and bone 
experts (rheumatologists and endocrinologists) with an  
interest in the identification of those at risk, and management 
of, postmenopausal and secondary osteoporosis, especially  
corticosteroid-induced osteoporosis. When the project started, 
the chairman of the group, David Reid, was chair of the Medical 
Board of the National Osteoporosis Society and, with the help 
of members of the board, selected the other members of the 
UK Expert Group.

Definition of scope
At the start of this project, a face-to-face meeting of the 
UK Expert Group was convened to define the scope of the 
guidance. The agreed objective was to provide guidance on 
appropriate management of bone loss associated with cancer 
treatments. Initially, it was planned to complete guidance for 
the prevention of bone loss associated with the treatment of 
both breast and prostate cancer. However, it became clear 
that the most urgent demand for guidance was in the field 
of treatment-induced bone loss in breast cancer, and so the 
group decided to focus on this first. It was agreed that the 
target audience for the guidance document would be health-
care professionals involved in the management of patients 
with cancer treatment-induced bone loss, and that the final  
document would be available in hard copy as well as an  
electronic download. The group also agreed that it would 
be useful to produce leaflets summarising the treatment  
algorithms as a quick reference guide.

Search strategy
The group decided that a systematic literature search would 
be conducted, followed by assimilation of the evidence. The 
PubMed and MEDLINE databases were searched from 1960 to 
2005 using search terms outlined by the section lead authors. 
Randomised controlled trials, observational studies and meta-
analyses were assessed. A further search of the grey literature 
and an updated search of PubMed and MEDLINE were under-
taken by individual members of the Expert Group up to the 
date of publication.

Assimilation and grading of the evidence
Assessments of the abstracts, and where appropriate full 
papers, were conducted by at least two members of the Expert 
Group (Appendix I). Where there was disagreement on the 
quality score of the paper, the two group members reached a 
consensus after discussion.
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Understanding osteoporosis and  
its diagnosis and management 

	 Vertebral fracture is the most difficult osteoporosis-related 
fracture to define, as the diagnosis is made on the sometimes-
subtle changes in the shape of the vertebral body. Furthermore, 
not all vertebral fractures come to clinical attention9,10 and 
may remain undiagnosed in as many as 60–75% of affected 
individuals. These so-called asymptomatic fractures are none 
the less associated with significant morbidity, impaired quality 
of life and an increased risk of future fractures.11

	 Distal forearm fracture is usually caused by a fall on the 
outstretched hand.12 Although fractures of the wrist cause less 
morbidity than hip fractures, are rarely fatal, and seldom require 
hospitalisation, the consequences are often underestimated. 
Fractures are painful, usually require one or more reductions, 
and need 4–6 weeks in plaster. Approximately 1% of patients 
with a forearm fracture become dependent on a caregiver as a 
result of the fracture,13 but nearly one-half of patients report 
only fair or poor functional outcome at 6 months.14 Moreover, 
the risk of other osteoporotic fractures in later life is consider-
ably increased.15 The greatest evidence that skeletal fragility 
is increased in the future is the previous occurrence of skeletal 
failure, i.e. a low trauma fracture. The future risk of fracture is 
considerably enhanced by a previous fracture, which at least 
doubles the risk of subsequent fracture, partially independent 
of BMD, this being especially true for vertebral fractures.16

Bone mineral density
Osteoporosis has been operationally defined on the basis of 
BMD assessment. According to the World Health Organization 
(WHO) criteria, osteoporosis is defined as a BMD that is 2.5 
standard deviations or more below the average value for young 
healthy women (a T-score of ≤–2.5 SD) (Figure 1).12,17 This 
criterion has been widely accepted and, in many countries, 
provides both a diagnostic and intervention threshold. 
	 BMD testing using dual energy X-ray absorptiometry (DXA) 
is not always easily available or accessible. Another problem 

Osteoporosis is defined as a skeletal disorder characterised by 
compromised bone strength predisposing to an increased risk 
of fracture. Bone strength reflects the integration of two main 
features, namely bone density and bone quality.1 
	 Peak bone density is achieved in early adulthood with  
subsequent age-related decreases in both sexes that can be  
accelerated by extrinsic and/or intrinsic factors such as hormonal  
changes, of which the menopause is the prime example. Age- 
related bone loss appears to be asymptomatic, and the morbid-
ity of osteoporosis is secondary to the fractures that occur.
	 The definition of an osteoporotic fracture is not straight-
forward, but a widely adopted approach is to consider frac-
tures from low energy trauma as being osteoporotic. ‘Low 
energy’ may be defined as a fall from a standing height or less, 
or trauma that would not give rise to a fracture in a healthy 
individual. Osteoporotic fractures most commonly occur at the 
hip, spine and forearm, but many other fractures that occur in 
individuals over 50 years of age are related, at least in part, 
to low bone mineral density (BMD) and should be regarded as 
osteoporotic.2-4 In the Western World, the estimated lifetime 
risk for a wrist, hip or vertebral fracture is 30–40%, which is 
similar to that observed for coronary heart disease.
	 Hip fracture is the most serious osteoporotic fracture and 
usually occurs as a result of a fall from the standing position, 
although it sometimes occurs spontaneously.3 The risk of falling 
increases with age and is somewhat higher in elderly women 
than in elderly men. Approximately one-third of elderly individu-
als fall annually, 5% sustain a fracture and 1% suffer a hip frac-
ture.5 Hip fracture nearly always requires hospitalisation, and 
there is a high degree of associated morbidity and appreciable 
mortality that depends partly on age, the treatment received 
and co-morbidities of the patient.6 Up to 20% of patients die in 
the first year following hip fracture, mostly as a result of serious 
underlying medical conditions,7 and less than half of survivors 
regain the level of function that they had prior to the fracture.8
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or without BMD, is likely to improve fracture prognostication and 
the selection of individuals at high risk for treatment.

Risk factors for fracture
The WHO working group has carried out a mega-analysis of 
many cohort studies to identify the following key risk factors 
for fracture: increasing age, female gender, personal history 
of fracture (after age 50), parental history of hip fracture, low 
body mass index, current smoker, excess alcohol consumption 
(4 or more units per day), diseases (such as rheumatoid  
arthritis), glucocorticoid use (tablets or suppository for more 
than a few weeks), and low femoral neck BMD (T<_–2.5).18 
This list is not exhaustive and excludes many risk factors for 
falling, such as frailty, cerebrovascular disease, or Parkinson’s 
disease, since there is some doubt whether the identified risk 
would be modified by a pharmaceutical intervention targeted 
at the skeleton. Such risks are more appropriately managed 
through interaction with local multidisciplinary falls services.

is that BMD tests have high specificity but low sensitivity,12 

which means that BMD measurement alone is not optimal for 
the detection of individuals at high risk of fracture. In other 
words, the risk of fracture is very high when osteoporosis  
is present, but by no means negligible when BMD is normal. 
Indeed, the majority of fragility fractures will occur in  
individuals with a T-score of above –2.5. 
	 In the past decade, a great deal of research has taken place 
to identify factors other than BMD that contribute to fracture 
risk. Examples include age, gender, the degree of bone turnover, a 
prior fracture, a family history of fracture, and lifestyle risk factors 
such as physical inactivity, excess alcohol intake and smoking. 
Some of these risk factors are partially or wholly independent of 
BMD. Independent risk factors used with BMD could, therefore, 
enhance the information provided by BMD alone. Conversely, 
some strong BMD-dependent risk factors can, in principle, be 
used for fracture risk assessment in the absence of BMD tests. For 
this reason, the consideration of well-validated risk factors, with 

Figure 1. Reference curve for spine  
BMD (by Hologic scanner) in women  
from the age of 10 to 85 years showing 
the WHO classification of BMD
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Breast cancer and bone loss

Breast cancer is the most common malignant tumour in women, 
with over 40,000 new cases and approximately 12,000 deaths 
per year in the UK alone. The cure rate from the disease is high 
and increasing, in part as a result of the wider use and increased 
effectiveness of systemic adjuvant therapies given at the time 
of diagnosis. Many therapies, particularly those that induce a 
therapeutic premature menopause or lower postmenopausal  
oestrogen concentrations, may result in appreciable bone loss 
and increased skeletal morbidity. Since most women are likely to 
be long-term survivors after breast cancer diagnosis, it is of vital 
importance to maintain bone health during and after anticancer 
treatments that affect the skeleton.

Breast cancer treatments associated  
with ovarian suppression
There are a number of ways in which women treated for breast 
cancer may have premature ovarian suppression and hence be 
at increased risk of osteoporosis and fractures. The section that 
follows examines each in turn, with the recommendations for 
assessment and management, drawn from a systematic review 
of the literature.

Ovarian suppression as a result of gonadotrophin-releasing 
hormone agonists
Gonadotrophin-releasing hormone (GnRH) agonists are a group  
of compounds (including goserelin, nafarelin, triptorelin and  
leuprolide) that lead to super stimulation of the GnRH receptors 
on the anterior pituitary. After an initial increase in gonadotrophin 
secretion, this leads to down-regulation of receptor activity with 
suppression of gonadotrophin secretion and reversible inhibition 
of gonadal activity. These agents have well accepted roles in the 
management of benign conditions such as endometriosis, uterine 
fibroids, and ovarian regulation prior to ovulation induction. In 
oncology, they are used in prostate cancer and in the management 
of breast cancer in premenopausal women.

	 Most of the information regarding the effect of these agents 
on the skeleton is derived from studies in premenopausal women 
with benign indications. Here, there is a consistent induction of 
a menopause-like state, with typical climacteric symptoms and 
a rapid increase in bone turnover leading to a reduction in bone 
mass. Most studies demonstrate a consistent loss of 4–5% in 
lumbar spine BMD over the first 6 months of therapy. In most 
benign indications for GnRH therapy, treatment is limited to 
a few months and so information about longer-term bone loss 
and associated fracture incidence is not available. Following  
cessation of therapy, there is resumption of ovarian function and  
restoration of much of the lost bone. Several therapies have been 
shown to reduce the bone loss associated with GnRH inhibitor  
therapy in premenopausal women. These include oestrogen 
replacement, tibolone, raloxifene, etidronate and zoledronic acid.
	 GnRH inhibition is used to induce reversible ovarian  
suppression in premenopausal women with oestrogen receptor- 
positive (ER+) breast cancer. There is little information  
regarding the skeletal effect of GnRH inhibition in breast 
cancer but it seems reasonable to assume the same effects as in  
underlying benign disease states, due to similar early effects on the  
skeleton. Importantly, in breast cancer, the treatment is contin-
ued for several years (usually 2–5 years) and so the effect on the 
skeleton would be expected to be more marked than that observed 
in the benign indications, where treatment duration is limited.
	 In a subset of patients from a large study (the ZEBRA study) 
of 1640 women receiving goserelin as part of early breast cancer 
treatment, bone density was measured in 53 women treated with 
goserelin and compared with 43 women treated with standard 
cyclophosphamide, methotrexate, and fluorouracil (CMF) chemo-
therapy.19 At the end of the first year, the goserelin-treated group 
had lost 8.2% of bone density from the lumbar spine and 4.5% from 
the femoral neck. The lumbar spine loss associated with goserelin 
was significantly greater than that observed with chemotherapy 
(4.5%), but the femoral loss was similar in the two treatment 
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recovery was seen on cessation of goserelin and endocrine treat-
ment, but significant bone loss persisted at 5 years.22

	 None of these studies were of sufficient size or had suf-
ficient follow up to allow any insight into fracture rates during 
or following GnRH therapy. Furthermore, it must be remembered 
that this treatment is primarily aimed at premenopausal women 
that are likely to start off with a low absolute fracture risk.23 
However, comparison with the findings in older men treated 
with GnRH agonists for prostate cancer, where similar changes 
in bone density are seen, would indicate that absolute fracture 
risk will be increased following this treatment.24

Ovarian suppression as a result of chemotherapy 
Cytotoxic chemotherapy used in the treatment of breast cancer 
can result in temporary amenorrhoea or, especially in older  
premenopausal women, irreversible damage to the ovarian 
tissues, leading to premature ovarian failure. Although there is 
no agreed definition of chemotherapy-induced ovarian failure, 
irreversible amenorrhoea lasting for several months (6–12 
months) following chemotherapy and an elevated follicle-stim-
ulating hormone seems to be widely accepted.25 An early meno-
pause has been demonstrated in diseases other than breast 
cancer where chemotherapy is used.
	 Few studies were identified specifically examining the 
effects of an early menopause associated with chemother-
apy for breast cancer. However, in Hodgkin’s disease26,27 and  
lymphoma,28 studies have demonstrated that premature men-
opause is associated with reduced bone density especially in 
those who did not receive hormone replacement therapy (HRT).
	 In breast cancer, the changes in BMD resulting from a 
chemotherapy-induced menopause have been similar to those 
seen in other diseases. In a cohort study of 27 women with 
early breast cancer who had received adjuvant chemotherapy at 
least 2 years before, 11 became amenorrhoeic.29 The amenor-
rhoeic women, who might have received up to 12 months of 

groups. After 2 years, bone loss was significantly greater in the 
goserelin group at both measurement sites compared with those 
receiving chemotherapy (spine: –10.5% vs. –6.5%; femoral neck: 
–6.4% vs. –4.5%). After the second year of therapy, goserelin 
was stopped, as required by the protocol. Menses returned in 
72.7% of goserelin recipients upon cessation of therapy, and 
this was associated with a partial recovery of bone density at 3 
years, whereas amenorrhoea was permanent in the majority of 
CMF recipients (76.5% of patients at 3 years). As a result, no sig-
nificant differences in BMD were observed between the goserelin 
group and those receiving chemotherapy at the 3–year assess-
ment (spine: –6.2% vs. –7.2%; femoral neck: –3.1% vs. –4.6%).
	 In a small, randomised, controlled trial, bone density 
results were evaluated in 13 patients treated with goserelin 
alone, and compared with 14 patients receiving goserelin plus 
tamoxifen, 18 patients receiving tamoxifen alone, and 21 
patients not receiving any endocrine therapy.20 At the end of 
the 2-year treatment period, the goserelin treatment group had 
lost 5.0% of their total body bone density compared with 0.3% 
in the group receiving no endocrine therapy. The bone loss 
was reduced by the co-administration of tamoxifen; patients 
treated with goserelin plus tamoxifen experienced a bone loss 
of 1.4%. Following cessation of goserelin, there was a 1.5% 
recovery of bone mass 1 year after treatment was finished. 
	 More recently, a larger study investigating the combination 
of goserelin and tamoxifen showed rapid bone loss during the first 
year, which continued at a slower rate in years 2 and 3 to give 
an estimated loss of 11.6% in lumbar spine bone density at the 
end of 3 years.21 This compared with an estimated loss at 3 years 
of 17.3% if goserelin was combined with the aromatase inhibitor 
anastrozole. Bone loss in both of these groups was prevented by 
the administration of zoledronic acid; this was initially given at a 
dose of 8 mg by intravenous infusion every 6 months, but early in 
the study the dose was reduced to 4 mg every 6 months. Similar 
but less marked changes were seen in the proximal femur. Partial 
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every 3 months.33 Of the 53 women, 36 had been pre-treated 
with tamoxifen. The BMD was maintained at the lumbar spine 
and hip sites in risedronate-treated women, compared with 
significant losses in the placebo group. At 2 years, the mean 
differences between the two treatment groups were 2.5% at 
the lumbar spine and 2.6% at the femoral neck. Both bone 
resorption and formation rates fell in the risedronate group 
compared with the placebo group. The BMD fell in a third year 
of follow-up, i.e. when risedronate was stopped. 
	 An analysis of a 12-month randomised, controlled trial (with 
a 12-month pre-planned extension) has been conducted in 87 
women with breast cancer who had experienced a premature 
menopause a mean of 3.2 to 3.4 years earlier. In this analysis, 
risedronate 35 mg weekly was associated with increased BMD at 
the lumbar spine (+1.2%) and total hip (+1.3%), compared with 
mean losses in the placebo group (lumbar spine: –0.9%; total hip: 
–0.8%); the differences between the two groups were significant 
(p<0.01).34 Furthermore, bone markers (urinary N-telopeptide of 
type 1 collagen [NTX] and serum procollagen type 1 N-propeptide 
[P1NP]) were significantly reduced in the risedronate treatment 
group at 6 months in comparison with baseline.

Ovarian suppression as a result of surgical ablation 
Oophorectomy before the menopause
In premenopausal individuals, the effect of oophorectomy on 
bone has been examined in two retrospective studies. In the 
first of these, a case-control study of 146 patients with a mean 
age at oophorectomy of 25 years,35 there was a greater than 
two-fold increase in the risk of developing any subsequent 
fracture when compared with age-matched controls. More  
specifically, there was an increased risk of developing a hip or 
radial forearm fracture (2-fold and 3.7-fold, respectively).
	 In the second study,36 describing a cohort of 463 patients 
with a median age of 43.8 years, there was a significantly increased 
risk of developing either a vertebral fracture (standardised 

tamoxifen as part of their chemotherapy, had approximately a 
14% reduction in their spine BMD compared with those who 
remained premenopausal. In a step-wise multiple regression 
analysis, the only significant variable accounting for 28% of 
the variation in BMD was menopausal status.
	 A rapid and significant bone loss has been demonstrated in 
women with breast cancer treated with adjuvant chemothera-
py.30 In a prospective cohort study to determine the baseline 
predictors of ovarian failure in initially premenopausal women 
with breast cancer, 35 of 49 patients evaluated developed 
ovarian failure after 6 months of follow-up.31 At 6 months, the 
only significant predictors of ovarian failure in a multivariate 
model were age and alcohol intake in the past year.
	 Few studies have examined how the effects of an early men-
opause induced by chemotherapy can be abrogated, although 
the bisphosphonates are thought to play a role. Saarto et al 
reported on 113 women who were premenopausal before chemo-
therapy.32 Of these, 38% became amenorrheoic in the first year, 
with a further 36% developing irregular menses and only 22% 
retaining regular menses. The likelihood of loss of regular 
menstruation increased with age. In this trial a total of 148 
patients were randomised to receive oral clodronate or placebo 
(although the randomisation method lacked clarity and resulted 
in unequal numbers), and at 2 years of follow-up, overall bone 
loss was abrogated by the use of the bisphosphonate clodro-
nate at the lumbar spine (placebo: –5.9%, clodronate: –2.2%; 
p=0.005) and femoral neck (placebo: –2.0%, clodronate: +0.9%; 
p=0.017). Those women who became amenorrhoeic lost bone 
density in both treatment groups, although the magnitude of 
loss was significantly less if receiving clodronate (lumbar spine: 
9.5% vs. 5.9%; femoral neck: 4.6% vs. 0.4%).
	 A small but well conducted randomised, controlled trial 
carried out in 53 women with an artificially induced meno-
pause and a mean age of 47 years evaluated the effects of a 
non-standard regimen of risedronate, 30 mg/day for 2 weeks, 
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Adjuvant breast cancer treatments 
associated with bone loss
Tamoxifen 
Tamoxifen is probably the most widely used endocrine treatment 
for breast cancer worldwide. It is only effective in women with 
ER+ breast cancer, and most patients with these cancers will 
receive the drug at some time. Until recently, it was the gold 
standard for the adjuvant endocrine treatment of patients with 
ER+ operable breast cancer. In spite of high levels of circulating 
oestrogen from the ovaries in premenopausal women, compared 
with relatively low levels from non-ovarian tissue in postmeno-
pausal women, the anticancer response to tamoxifen in pre and 
postmenopausal women with metastases is similar.43

	 Tamoxifen is an oestrogen antagonist that competitively 
inhibits oestrogen binding to the oestrogen receptor. However, 
tamoxifen may become a tumour agonist, thereby reducing or 
reversing its antiproliferative activity. 
	 With respect to bone, tamoxifen has a differential effect in 
pre and postmenopausal women.44,45 In premenopausal women 
with high levels of circulating oestrogen from the ovaries, 
tamoxifen predominantly has an anti-oestrogenic effect causing 
increased loss of BMD for 1–2 years. However, this loss is only 
about 1–2% and is not persistent through 5 years of tamoxifen 
therapy. No special monitoring or treatment to prevent this 
loss would be required. In postmenopausal women, tamoxifen 
is known to increase BMD of the spine,46-50 hip,48,50,51 but not the 
forearm51-53 or total body.46 It also reduces biochemical markers 
of bone resorption46,48,51 and bone formation46,48,51,52 to a similar 
extent to raloxifene.54

	 In summary, the bone loss caused by tamoxifen in premeno-
pausal women does not present a clinical problem requiring bone-
protecting medication, and tamoxifen protects against bone loss 
in postmenopausal women. However, following ovarian suppres-
sion with luteinizing hormone-releasing hormone analogues, the 
oestrogen agonist action of tamoxifen is insufficient to counter-
act the rapid bone loss associated with medical castration.21

morbidity ratio [SMR] 1.9; 95% CI 1.3–2.8) or a forearm fracture 
(SMR 1.4; 95% CI 1.0–2.0). There was no increased risk of hip 
fracture. However, confounding factors were that 60% of women 
had taken HRT at some time, with 80% doing so within the first 
year after oophorectomy. Younger women were more likely to 
develop fractures and were more likely to be taking HRT.

Effects of HRT on bone in individuals who have undergone 
oophorectomy
One hundred women who had taken part in a prospective con-
trolled trial of oestrogen therapy for the prevention of post-
oophorectomy bone loss were reviewed after a median follow-up 
period of 9 years. A significant reduction in height occurred among 
the placebo-treated group, but not in the group treated with 
mestranol (mean 23 x 3 µg/day). The placebo-treated group had 
a higher spine score, lower central vertebral height, and larger 
wedge-angle than the oestrogen group. Within each group, none 
of these spinal morphometric changes correlated with changes 
in mineral content of metacarpal or radial bones as measured 
by photon absorptiometry or X-ray densitometry, although both 
peripheral and central measurements showed highly significant 
differences between the two groups. Oestrogen treatment, there-
fore, prevents against central, as well as peripheral, bone loss, 
and reduces the incidence of vertebral compression.37

	 Three case-control and two case series have attempted to 
evaluate what effect the provision of HRT has on bone density 
following oophorectomy. Interpretation of the studies is difficult 
as they are small studies of less than 88 patients.38-42 The mean 
ages of patients studied have ranged from 40 to 50 years, with 
one case series reporting two patients of 12 years of age.42

	 These studies have indicated that, following oophorec-
tomy, there is a reduction in bone density of up to 10% in the 3 
years afterwards. However, in the setting of breast cancer, HRT 
is not recommended for bone protection due to the adverse 
effects of HRT on breast cancer recurrence and the availability 
of alternative therapies.
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Table 1. Effects of aromatase inhibitors on fracture risk  
from five clinical trials

Aromatase 
Inhibitor (%)

Tamoxifen /  
Placebo (%)

% 
Increase

Reference

ATAC 
(Anastrozole)

375 (12.0%) 234 (7.5%) 55%* Forbes et al .64

BIG 1-98 
(Letrozole)

211 (8.6%) 141 (5.8%) 50% Coates et al.68

IES 
(Exemestane)

162 (7.0%) 115 (4.9%) 41% Coombes et al .60

ABCSG 
(Anastrozole)

34 (2.0%) 16 (1.0%) 113% Jakesz et al.61

MA17 
(Letrozole)

137 (5.3%) 119 (4.6%) 15% Perez et al.69

*On-treatment fracture excess. Post-treatment the fracture incidences were 
similar in ATAC.

Aromatase inhibitors
Aromatase inhibitors are highly potent inhibitors of oestrogen 
production that suppress circulating oestradiol levels to almost 
undetectable levels. Possibly because there is no associated 
agonist effect, aromatase inhibition is a more effective treat-
ment than tamoxifen. In particular, the third generation non-
steroidal (anastrozole and letrozole) and steroidal (exemestane) 
aromatase inhibitors inhibit the aromatase enzyme by 96–99%. 
Overall, aromatase inhibitors have a favourable side-effect 
profile but, owing to the known relationships between residual 
oestrogen levels and bone loss55 and also fracture risk,56,57 this 
associated marked reduction in oestradiol would be expected to 
have significant effects on bone physiology.

Clinical indications for aromatase inhibitors
Advances in adjuvant therapy have led to improvements in the 
long-term survival of women with early breast cancer; the 10-year 
probability of survival is now 80–85%. Tamoxifen has been the 
cornerstone of adjuvant endocrine therapy of breast cancer for 

several decades, a role that has largely been unchallenged until now. 
Recently, the aromatase inhibitors have been shown to further reduce 
the risk of recurrence after a diagnosis of ER+ breast cancer, either 
when given in place of the previous standard of care (tamoxifen), 
or when administered in sequence after a few years of tamoxifen 
therapy.58-62 As a result of these trials, the aromatase inhibitors are 
now recommended in the adjuvant treatment setting,63 such that 
many women with breast cancer will be exposed to several, and pos-
sibly many years of treatment with an aromatase inhibitor. 

Anastrozole and bone
Anastrozole has been shown to be at least as effective as tamoxifen 
in the treatment of metastatic breast cancer. In the adjuvant 
setting, the Arimidex, Tamoxifen Alone or in Combination (ATAC) 
trial has demonstrated a significant advantage for anastrozole over 
tamoxifen.58 A recent update has shown not only an improvement in 
disease-free survival, but also a reduction in distant metastases.64

	 The ATAC trial also demonstrated a favourable adverse event 
profile for anastrozole, compared with tamoxifen, with the excep-
tion of effects on the musculoskeletal system. In the anastrozole 
group, there were more musculoskeletal side effects and fractures, 
most frequently affecting the spine and fractures other than the 
hip and wrist. The incidence of all fractures in the 2007 update 
was 12% in the anastrozole group and 7.7% in the tamoxifen 
group (p<0.0001)64 (Table 1). To date, there has been no signifi-
cant increase in fractures occurring at the hip, and the excess 
fracture incidence seen for anastrozole over tamoxifen during the 
5-year treatment period appears to resolve on withdrawal of endo-
crine treatment. However, further data are required on the long-
term effects of aromatase inhibitor treatment on bone health.
	 It is uncertain how much of the excess fracture risk can be 
attributed to the increase in bone turnover caused by anastrozole, 
as opposed to the loss of the bone protective effects of tamoxifen. 
	 Within the ATAC trial, a bone sub-protocol investigated 308 
patients for changes in BMD and bone turnover markers.65,66 
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Patients entering this part of the study had a DXA scan of 
the lumbar spine and hip, at baseline and after 12, 24 and 60 
months on treatment. Bone turnover markers were also meas-
ured at baseline, 3, 6 and 12 months. A small increase in BMD 
at the spine and hip was observed in patients treated with 
tamoxifen, whereas anastrozole therapy was associated with 
a decrease in BMD at these sites. This was obvious at 1 year 
and further increased during the second year of therapy, with 
approximately a 2% loss of bone density annually (Figure 2). 
Over the course of the 5-year treatment programme, an average 
BMD loss of 7–8% was observed. Despite these changes, no 
patient with normal BMD at baseline developed osteoporosis.
	 The decrease in BMD observed in the ATAC trial was associ-
ated with an increase in bone remodelling, as demonstrated by 
an increase in markers of bone resorption and formation in 
the anastrozole group. There was a 26% increase in the bone  
resorption marker serum C-terminal telopeptide of type I collagen 
(CTX) and a 20% increase in the bone formation marker bone  
alkaline phosphatase (bone ALP). Conversely, tamoxifen therapy 
was associated with a decrease in markers of bone turnover.65

Letrozole and bone
Letrozole has been shown to be superior to tamoxifen in 
advanced breast cancer, while in early breast cancer, The Breast 
International (BIG) 1-98 Collaborative Group showed superiority 
of letrozole over tamoxifen, with a risk reduction very similar to 
that observed with anastrozole in the ATAC trial.59 Additionally, a 
study investigating the role of letrozole after standard treatment 
with 5 years of adjuvant tamoxifen therapy has shown a highly 
significant improvement in disease-free survival with letrozole.62

	 Letrozole is known to increase bone turnover, and its 
effects have been investigated in healthy postmenopausal 
women; after 3 months of letrozole therapy, CTX, a marker of 
bone resorption, had increased by around 20% (p< 0.005).67

	 In the BIG 1-98 study, a 50% excess of fractures was 
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Figure 2. Mean percentage change in BMD after 1, 2 and 5 years of 
treatment. Bars represent 95% CI. (A) Lumbar spine change over time; 
(B) total hip change over time

Reprinted with permission from the American Society of Clinical 
Oncology. From: Eastell R, et al. Effect of anastrozole on bone mineral 
density: 5-year results from the anastrozole, tamoxifen, alone or in  
combination trial 18233230. J Clin Oncol 2008; 26: 1051–1058.
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observed with a median follow-up of 30 months (8.6% vs. 
5.8%).68 In the MA-17 study, patients were randomised to letro-
zole or placebo after completing 5 years of adjuvant tamoxifen 
therapy. More diagnoses of osteoporosis were made in the 
letrozole group, compared with the placebo group, at 5.8% and 
4.5% of patients, respectively (p=0.07), and the fracture rate 
was also slightly increased.62 Recently, the first data from 226 
patients evaluated in the MA-17 bone sub-protocol were pre-
sented.69 Patients receiving letrozole had a significant decrease 
in BMD at 24 months at both the lumbar spine (p=0.008) and 
hip (p=0.044); these results strongly suggest that letrozole has 
similar effects on bone health to that of anastrozole. 

Exemestane and bone
Exemestane is superior to tamoxifen in the first-line treatment of 
advanced breast cancer, and has also been evaluated in the adju-
vant treatment setting. Although results from direct comparisons 
with tamoxifen are not expected for some time, data from the 
Intergroup Exemestane Study (IES), evaluating sequential therapy 
with tamoxifen for 2–3 years followed by exemestane for 2–3 
years, compared with 5 years of tamoxifen therapy, have shown a 
significant advantage in favour of the sequential treatment option, 
with improvements in both disease-free and overall survival.60

	 Exemestane, in contrast to the non-steroidal agents, has weak 
androgenic activity. It was postulated that this might result in 
less adverse effects on bone.70 This provided some support for the 
potentially different mechanism of action of exemestane. However, 
in another biochemical study, exemestane was found to increase 
levels of bone turnover markers71 and in the Letrozole, Exemestane, 
and Anastrozole Pharmacodynamics (LEAP) study, which compared 
the effects of all three clinically available aromatase inhibitors in 
postmenopausal women, no significant differences in the profile 
of biochemical markers of bone metabolism were seen. Of note, 
changes in parathyroid hormone were similar with all three agents, 
arguing against an anabolic effect of exemestane.72

	 Results of a placebo-controlled trial of exemestane in early 
breast cancer have recently been published.73 In this study, 
147 patients with low risk early breast cancer were randomised 
to receive treatment with exemestane 25 mg/day or placebo. 
Patients had a baseline DXA scan of the spine and hip, and 
follow-up assessments occurred annually. After 1 year, the BMD 
of patients in the exemestane group decreased by 2.17% and 
2.72% at the spine and hip, respectively. However, bone loss 
in the placebo group was somewhat greater than expected, at 
1.84% and 1.48% at the spine and hip, respectively. As a result, 
there was no significant difference between the two treatment 
groups at the lumbar spine, although the difference in hip BMD 
did reach statistical significance (p=0.024). None of the women 
were taking calcium or vitamin D supplements, and recent anal-
ysis has confirmed that many of these women were vitamin D 
deficient.74 In a 1-year follow up to the study after discontinua-
tion of exemestane, the loss of BMD was partially reversed.73

	 The effect of exemestane on markers of bone turnover 
was also assessed in this study. Exemestane was associ-
ated with significant increases in both markers of formation 
and resorption. In the exemestane group, levels of P1NP 
and CTX increased from baseline by 44% and 35%, respec-
tively. However, levels of P1NP and CTX in the placebo group 
decreased by only 4% (p<0.001) and 5% (p=0.012), respec-
tively. The increase in bone resorption was consistent with 
the bone loss observed, while the increase in bone formation 
markers can be attributed to the coupling of bone formation 
to bone resorption.
	 Data from the bone sub-protocol of the IES study have 
recently become available.75 This study measured BMD and bone 
markers of resorption and formation in 206 patients at base-
line, 6, 12 and 24 months. Patients who remained on tamoxifen 
showed no significant change from baseline in BMD. In patients 
who switched to exemestane, the mean rates of bone loss 6 
months after tamoxifen cessation were 2.7% and 1.2% at the 
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spine and hip, respectively. Thereafter, bone loss continued 
but at a slower rate of 0.5–1% per year. After 2 years, the 
change from baseline in BMD was 3.6% at the spine and 2.4% 
at the hip. Despite the more modest rate of bone loss seen 
in this bone sub-study, a significant increase in the incidence 
of fractures was observed in the IES study as a whole. With a 
median follow-up in all participants of 58 months and median 
exposure to exemestane of 30 months, 162 (7%) of patients in 
the exemestane group experienced a fracture compared with 
115 (5%) patients in the tamoxifen group (odds ratio 1.45 
[1.13–1.87]; p=0.003).60 

Treatment of aromatase inhibitor-induced bone loss
As in other forms of increased bone loss, the bisphosphonates 
are the preferred treatment for aromatase inhibitor-induced 
bone loss. The results of several intervention studies with 
zoledronic acid have been published recently; there are also 
ongoing studies with a number of oral bisphosphonates, such as 
anastrozole and risedronate in the SABRE trial, and anastrozole 
and ibandronate in the ARIBON trial. In SABRE, 138 women 
receiving anastrozole who were osteopaenic at baseline were 
randomised to risedronate 35 mg weekly or placebo. Risedronate 
led to a mean increase of 1.7% in BMD at 12 months compared 
with a 0.41% loss in the placebo arm. In this study, risedronate 
also improved BMD in a cohort of women with osteoporosis at 
baseline.76 In ARIBON, 50 osteopaenic women were randomised 
to monthly oral ibandronate 150 mg monthly or placebo during 
treatment with anastrozole. As expected, ibandronate prevented 
the bone loss observed in the placebo group. BMD changes at 
12 months were +2.78% at the spine and +1.35% at the hip 
versus -2.61% at the spine and -2.34% at the hip for iband-
ronate and placebo treated patients, respectively (p<0.001).77 
These two studies suggest that bisphosphonates at the dose 
and schedule used in postmenopausal osteoporosis are effective 
in the setting of aromatase inhibitor bone loss.

	 The Austrian Breast Cancer Study Group (ABCSG) reported on 
400 patients with early breast cancer undergoing ovarian suppres-
sion with goserelin plus either anastrozole or tamoxifen, with or 
without bone-protecting therapy comprising a 6-monthly schedule 
of zoledronic acid 4 mg.21 Without zoledronic acid, clinically impor-
tant and significant bone loss occurred; the mean reductions in 
BMD at 3 years were 8% and 16% with tamoxifen and anastrozole, 
respectively. However, the addition of zoledronic acid prevented 
bone loss with either endocrine strategy. The effects of zoledronic 
acid on bone turnover and fracture rates have not been reported. 
	 The Zometa-Femara Adjuvant Synergy Trials (Z-FAST [US)]/
(ZO-FAST [Europe]) (n=1668) recruited postmenopausal breast cancer 
patients with normal bone density or osteopaenia (T-score of >–2). 
Patients were treated with adjuvant letrozole and randomised either to 
immediate intravenous zoledronic acid (4 mg by intravenous infusion 
every 6 months) or to a delayed phase of treatment based on changes 
in BMD. In the Z-FAST study, the mean difference in BMD between the 
immediate and delayed groups at 12 months was 5.1% and 3.6% at the 
spine and hip, respectively (p≤0.001). Bone turnover was increased in 
the delayed group but reduced with zoledronic acid therapy.78 Similar 
results were seen in the ZO-FAST study.79 Follow-up is currently too 
short for a reliable assessment of the effect of prophylactic zoledronic 
acid on the incidence of fragility fractures, but the increase in BMD 
coupled with reduced bone turnover would be expected to prevent any 
increase in fractures associated with aromatase inhibitor use.
	 Raloxifene is an effective treatment for the prevention of oste-
oporosis. Unlike HRT, it does not increase the risk of recurrent breast 
cancer. However, in view of the interaction between tamoxifen and 
anastrozole, with the combination behaving like tamoxifen alone,58 
the addition of raloxifene to an aromatase inhibitor cannot be rec-
ommended in the adjuvant treatment setting. 
	 Strontium ranelate is licensed in most of the world for the 
treatment of postmenopausal osteoporosis. However, there is cur-
rently no research using this agent in cancer treatment-induced 
bone loss and so we cannot recommend its use.
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Monitoring the effects of treatment for  
breast cancer treatment-induced bone loss

The response to anti-resorptive therapy can be monitored in 
the individual by the use of bone turnover markers or BMD. 
The goal of monitoring the individual is to identify non-
response. This might indicate inadequate compliance with 
therapy, underlying secondary osteoporosis or simply failure 
of the drug to be effective.
	 Bone turnover markers can be used to monitor response 
to treatments such as the once weekly (or once monthly) 
bisphosphonates risedronate, alendronate and ibandronate.80 
The primary mechanism of action of these drugs is to reduce 
bone resorption, and so it is logical to use bone resorption 
markers. The most commonly used markers are urinary NTX 
expressed as a ratio to creatinine and measured on a second 
morning void urine sample, serum CTX on a serum sample  
collected between 8 and 10am with the patient in the fasting 
state. These markers decrease on average by 55–75%, and the 
maximal response is complete by about 3 months of treat-
ment. It may be helpful to have two measurements of bone 
resorption marker before the treatment is started and then 
further measurements can be made at 3 and 6 months.
	 The goal of anti-resorptive treatment is to reduce the 
bone resorption marker by more than the least significant 
change, into the lower half of the reference range for healthy 
young women.81 Bone turnover markers do vary from day to 
day, and the least significant change approach takes this 
into account. A decrease of 50% or more in bone resorption 
markers usually indicates that the least significant change has 
been exceeded. It is helpful to plot out the graph to show to 
the patient. The lower half of the reference range is taken as 
the second target. Women between the age of 35 and 45 years 
have reached peak bone mass and have not yet started to lose 
bone, and so this can be considered to be a period of stable 
bone health. The lower part of the reference range has been 
associated with the lowest risk of fracture. This approach is 
helpful when bone turnover markers are being measured for 

the first time once the patient has started treatment. Care 
needs to be taken when interpreting bone turnover markers, 
as there may be changes due to intercurrent diseases or to 
recent fracture.82

	 BMD can also be used to monitor response to anti-resorp-
tive treatments.83 It is usual to recommend an 18-month to 
2-year interval before making the second measurement, as the 
increase in BMD is quite small, even at the lumbar spine (the 
optimal site for measurement). The only published study of 
bisphosphonates in aromatase inhibitor-associated bone loss 
is the use of zoledronic acid in women receiving letrozole. 
In this study, zoledronic acid therapy was associated with a 
mean increase in the spine and total hip at 1 year of 4% and 
3%, respectively.78 The best site in the proximal femur for 
monitoring therapy is the total hip, as this shows the least 
variability. Care needs to be taken in interpreting change in 
BMD as there may have been changes to vertebral anatomy in 
the intervening period, for example degenerative changes in 
the spine, differences in the positioning of the femur or large 
changes in weight. The least significant change for the spine is  
about 5%.83



Algorithms and recommendations

postmenopausal osteoporosis is 5 mg annually given by the intra-
venous route. However the studies referenced in this document 
where zoledronic acid has been used to prevent breast cancer 
treatment-induced bone loss have used 4 mg biannually. The  
4 mg dose every 6 months has thus been included in the algorithm, 
but individual clinicians may wish to use 5 mg annually.

Treatment algorithms proposed by the Expert Group
The choice of endocrine therapy should be based on the char-
acteristics and prognosis of the underlying breast cancer, 
rather than pre-existing bone health, provided that appropri-
ate monitoring and treatment of bone loss can be ensured.

Two algorithms for the management of bone loss in early 
breast cancer are proposed.

Algorithm 1: Women who experience premature menopause due 
to chemotherapy or ovarian suppression, ablation or removal.

Algorithm 2: Postmenopausal  women receiving treatment 
with aromatase inhibitors.

There are no specific monitoring or treatment requirements for:
•	women who continue to menstruate after treatment for early 

breast cancer; or
•	postmenopausal women above 45 years of age who do not require 

endocrine treatment or who are receiving tamoxifen therapy.

Any patient, regardless of age, with a baseline T-score of <–2 
should be assessed for other causes of osteoporosis, based on 
erythrocyte sedimentation rate (ESR), full blood count (FBC), 
bone and liver function tests (calcium, phosphate, alkaline 
phosphatase, albumin, aspartate aminotransferase [AST] / 
γ-glutamyl transferase [γGT]), serum creatinine and thyroid 
function tests, and the serum protein electrophoretic strip.

The American Society of Clinical Oncology (ASCO) has  
suggested an algorithm for the management of treat-
ment-induced bone loss.84 In patients with a history of 
breast cancer, postmenopausal women receiving aromatase  
inhibitors are considered as “high-risk” and recommended  
to undergo annual DXA assessment of the spine and hip,  
and receive calcium and vitamin D supplements. Those with 
BMD above the T-score threshold for a diagnosis of osteoporosis 
(T-score of >–2.5) are reassured and monitored on an annual 
basis, while those with a T-score of ≤2.5 are recommended to 
receive a bisphosphonate in addition to calcium and vitamin D 
supplementation and continue with annual DXA scans. 
	 We have modified this algorithm to reflect the more recent 
findings summarised previously and the importance of risk 
factors other than BMD in selection of patients for intervention. 
Elderly (>75 years of age) women with one or more risk factors 
for osteoporotic fracture should receive bone protection with 
a bisphosphonate irrespective of BMD. Additionally, to reflect 
the speed of cancer treatment-induced bone loss, we suggest 
a more cautious BMD level for intervention. In postmenopau-
sal women we recommend intervention when the T-score falls 
below –2 or if the rate of bone loss in women with pre-existing 
osteopaenia exceeds 4% per year. Similar recommendations 
apply to women with a premature menopause, with the excep-
tion of those receiving ovarian suppression plus an aromatase 
inhibitor in whom the recommended T-score threshold for  
intervention is –1, due to the very rapid losses of bone which 
occurs in this group of women averaging 16% over 3 years.21

	 Where bisphosphonate therapy has been recommended, 
local protocols and funding arrangements should be taken into 
consideration when choosing the most appropriate product 
to use. Weekly oral alendronate 70 mg or risedronate 35 mg, 
monthly oral ibandronate 150 mg, 3-monthly intravenous iband-
ronate 3 mg, or 6-monthly intravenous zoledronic acid 4 mg are 
all considered appropriate. The dose of zoledronic acid used in 
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For patients who are not receiving a concomitant aromatase inhibitor, 
three groups of patients are defined based on baseline BMD:

 High-Risk Group: Patients with a baseline T-score of <–2 at the 
lumbar spine or either hip site or whose BMD falls below this thresh-
old should receive bisphosphonate therapy at osteoporosis doses 
in addition to lifestyle advice, calcium and vitamin D supplementa-
tion. 
• The choice of bisphosphonate should be based on local protocols 

and funding arrangements. Weekly oral alendronate 70 mg or rise-
dronate 35 mg, monthly oral ibandronate 150 mg, 3-monthly intra-
venous ibandronate 3 mg, or 6-monthly intravenous zoledronic acid 
4 mg are all considered appropriate.

• Bisphosphonates are contraindicated in patients with a low glomer-
ular filtration rate (<30 ml/min/1.73m2) or hypocalcaemia. Such 
patients who require bone sparing therapy should be referred to 
the local bone service. Oral bisphosphonates must be used with 
caution in patients with oesophageal disease, although intravenous 
bisphosphonates will usually be appropriate in such patients.

• Follow-up of patients requiring bisphosphonate treatment should 
include a repeat DXA after 24 months and/or measurement of a 
bone resorption marker, if desired, as an aid to judging compliance 
and response. If there is bone loss associated with bisphosphonate 
therapy, first check that the compliance with instructions is correct, then  
re-evaluate for secondary osteoporosis. Poor compliance and sec-
ondary osteoporosis explain most cases of poor response. However, 
some patients may be true non-responders and a switch of therapy, 
for example to an intravenous bisphosphonate, or a referral to the 
local bone service should be considered in these patients.

 Medium-Risk Group: For those patients with a T-score between –1 
and –2, lifestyle advice plus calcium (1 g/day) and vitamin D (400–800 
IU) supplementation are recommended unless dietary intake of calcium 
exceeds 1 g/day and serum 25-hydroxyvitamin D is known to be  
>20 ug/L. 
• A follow-up DXA scan should be performed at 24 month intervals 

to exclude a clinically significant reduction in BMD (T-score of <–2 
or >4% per annum decline in BMD at either the spine or hip [the 
forearm is not suitable for repeat assessments within such time-
frames]). 

• Patients who exceed these limits should commence bone protection 
therapy as described in the high-risk group.

 Low-Risk Group: For those patients with normal BMD (T-score of 
>–1), the risk of developing osteoporosis over a 5-year treatment and 
follow-up period is very low. Advice on lifestyle (diet, weight-bearing 
exercise, reduced alcohol consumption and cessation of smoking) 
is sufficient and no specific intervention or follow-up assessment of 
BMD is required.

 

Algorithm 1: Women who experience  
premature menopause
The development of a treatment-induced menopause or planned 
ovarian suppression treatment before the age of 45 years are 
indications for evaluation of BMD by DXA.
	 BMD assessments should be done at the lumbar spine and 
at one or both total hip sites. There is no requirement to obtain 
a DXA before starting treatment, but a baseline assessment 
should be obtained within 3 months of commencing ovarian 
suppression therapy or oophorectomy and within 12 months 
of developing postchemotherapy amenorrhoea.
	 Monitoring and treatment thereafter depends on the base-
line BMD and the type of any concomitant endocrine treat-
ment. Owing to the very rapid bone loss observed with the use 
of ovarian suppression therapy plus an aromatase inhibitor, a 
different threshold for follow-up, monitoring and intervention 
is recommended.
	 Any patient with a documented vertebral fragility fracture 
or previous low trauma hip fracture should receive prophylac-
tic bisphosphonate treatment irrespective of baseline BMD.

For patients receiving a concomitant aromatase inhibitor, only two 
groups are defined:

 High-Risk Group: Those patients with a T-score of <–1 should 
receive bone protection therapy with a bisphosphonate as described 
above.

 Medium-Risk Group: Those patients with a T-score of >–1 should be 
monitored as indicated for all medium-risk groups.
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Oophorectomy, treatment-
induced menopause or 
ovarian suppression 
therapy planned

Lifestyle advice 
Reassure patient 
No further assessment 
unless clinically indicated

Treat with bisphosphonatesb 

at osteoporosis doses
and calcium + vitamin D 
supplementationc

Assess for secondary 
osteoporosisa

a ESR, FBC, bone and liver function (calcium, phosphate, 
alkaline phosphatase, albumin, AST / GT), serum 
creatinine, endomysial antibodies, serum thyroid- 
stimulating hormone

Repeat axial DXA after  
24 months and/or monitor 
if desired with biochemical 
markersd after 6 months

Lifestyle advice 
Calcium + vitamin D 
supplementation if 
clinically deficient

With or 
without 
aromatase 
inhibitor  
(AI) use

Yes No

Repeat axial BMD after  
24 months of therapy

Annual rate of bone loss of >4% 
at lumbar spine or total hip 
and/or T score <–2.0

High Risk

Medium Risk

Low Risk

b Alendronate 70 mg per week, risedronate 35 mg per week, 
ibandronate (150 mg po monthly or 3 mg iv 3-monthly),  
zoledronic acid 4 mg iv 6-monthly 

c To be given as _>1 g of calcium + _>800 IU of vitamin D
d Biochemical markers such as serum C-terminal telopeptide of 

type I collagen or urinary N-telopeptide of type I collagen

Measure BMD by axial DXA 
(spine and hip) within  
3 months of commencing 
treatment

With AI

T-score <–2.0 
or known 
vertebral 
fracture

Without AI

T-score <–1.0 
or known 
vertebral 
fracture

With AI

T-score <–1.0  
but >–2.0

Without AI

T-score >–1.0 T-score >–1.0

Without AI

Algorithm 1: Adjuvant treatment associated with ovarian suppression/failure with or without 
concomitant aromatase inhibitor use in women who experience premature menopause

Oophorectomy, treatment-
induced menopause or 
ovarian suppression 
therapy planned

Lifestyle advice 
Reassure patient 
No further assessment 
unless clinically indicated

Treat with bisphosphonatesb 

at osteoporosis doses
and calcium + vitamin D 
supplementationc

Assess for secondary 
osteoporosisa

a ESR, FBC, bone and liver function (calcium, phosphate, 
alkaline phosphatase, albumin, AST / GT), serum 
creatinine, endomysial antibodies, serum thyroid- 
stimulating hormone

Repeat axial DXA after  
24 months and/or monitor 
if desired with biochemical 
markersd after 6 months

Lifestyle advice 
Calcium + vitamin D 
supplementation if 
clinically deficient

With or 
without 
aromatase 
inhibitor  
(AI) use

Yes No

Repeat axial BMD after  
24 months of therapy

Annual rate of bone loss of >4% 
at lumbar spine or total hip 
and/or T score <–2.0

High Risk

Medium Risk

Low Risk

b Alendronate 70 mg per week, risedronate 35 mg per week, 
ibandronate (150 mg po monthly or 3 mg iv 3-monthly),  
zoledronic acid 4 mg iv 6-monthly 

c To be given as _>1 g of calcium + _>800 IU of vitamin D
d Biochemical markers such as serum C-terminal telopeptide of 

type I collagen or urinary N-telopeptide of type I collagen

Measure BMD by axial DXA 
(spine and hip) within  
3 months of commencing 
treatment

With AI

T-score <–2.0 
or known 
vertebral 
fracture

Without AI

T-score <–1.0 
or known 
vertebral 
fracture

With AI

T-score <–1.0  
but >–2.0

Without AI

T-score >–1.0 T-score >–1.0

Without AI

Algorithm 1: Adjuvant treatment associated with ovarian suppression/failure with or without 
concomitant aromatase inhibitor use in women who experience premature menopause

Algorithm 1: Adjuvant treatment associated with ovarian suppression/failure with or without  
concomitant aromatase inhibitor use in women who experience premature menopause
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For women aged under 75 years or without major risk factors, three 
groups of patients are defined based on baseline BMD:

 High-Risk Group: Patients with a baseline T-score of <–2 at the 
lumbar spine or either hip site or whose BMD falls below this threshold 
should receive bisphosphonate therapy at osteoporosis doses in addi-
tion to lifestyle advice, calcium and vitamin D supplementation. 
• The choice of bisphosphonate should be based on local protocols 

and funding arrangements. Weekly oral alendronate 70 mg or rise-
dronate 35 mg, monthly oral ibandronate 150 mg, 3-monthly intra-
venous ibandronate 3 mg, or 6-monthly intravenous zoledronic acid 
4 mg are all considered appropriate. 

• Bisphosphonates are contraindicated in patients with a low glomer-
ular filtration rate (<30 ml/min/1.73m2) or hypocalcaemia. Such 
patients who require bone sparing therapy should be referred to 
the local bone service. Oral bisphosphonates must be used with 
caution in patients with oesophageal disease, although intravenous 
bisphosphonates will usually be appropriate in such patients.

• Follow-up of patients requiring bisphosphonate treatment should 
include a repeat DXA after 24 months and/or measurement of a 
bone resorption marker, if desired, as an aid to judging compliance 
and response. If there is bone loss associated with bisphosphonate 
therapy, first check that the compliance with instructions is correct, 
then re-evaluate for secondary osteoporosis. Poor compliance and 
secondary osteoporosis explain most cases of poor response. 
However, some patients may be true non-responders and a switch of 
therapy, for example to an intravenous bisphosphonate, or a referral 
to the local bone service should be considered in these patients.

 Medium-Risk Group:  For those patients with a T-score between –1 
and –2, lifestyle advice plus calcium (1 g/day) and vitamin D (400–800 
IU) supplementation are recommended unless dietary intake of 
calcium exceeds 1 g/day and serum 25-hydroxyvitamin D is known 
to be >20 ug/L. 
• A follow-up DXA scan should be performed at 24 month intervals to 

exclude a clinically significant reduction in BMD (T-score of <–2 or 
>4% per annum decline in BMD at either the spine or hip [the forearm 
is not suitable for repeat assessments within such timeframes]).

• Patients who exceed these limits should commence bone protection 
therapy as described in the high-risk group.

 Low-Risk Group: For those patients with normal BMD (T-score >–1), 
the risk of developing osteoporosis over a 5-year treatment period is 
very low. Advice on lifestyle (diet, weight-bearing exercise, reduced 
alcohol consumption and cessation of smoking) is sufficient and no 
specific intervention or follow-up assessment of BMD is required.

Algorithm 2: Postmenopausal women 
The use of an aromatase inhibitor (steroidal or non-steroidal) 
is an indication for evaluation of BMD by DXA.
	 BMD assessments should be done at the lumbar spine and 
at one or both total hip sites. There is no requirement to obtain 
a DXA before starting treatment, but a baseline assessment 
should be obtained within 3 months of commencing an aro-
matase inhibitor.
	 Monitoring and treatment thereafter depends on the 
baseline BMD, age, and presence of any major risk factors for 
osteoporotic fracture. These are defined as:

previous fragility fracture above the age of 50 years;•	
parental history of fracture;•	
a body mass index (BMI) of <22;•	
alcohol consumption of 4 or more units per day;•	
diseases known to increase fracture risk such as premature •	
menopause, rheumatoid arthritis;
ankylosing spondylitis, immobility, and Crohn’s disease; and•	
prior oral corticosteroid use for more than 6 months.•	

	 For women over the age of 75 years with one or more 
major risk factors, bone protection therapy with a bisphos-
phonate is recommended irrespective of baseline BMD.
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Commencing aromatase 
inhibitor therapy

Lifestyle advice 
Reassure patient 
No further assessment unless 
clinically indicated 

Repeat axial DXA after 
24 months and/or monitor 
if desired with biochemical 
markerse after 6 months

Repeat axial BMD, if available, 
after 24 months of therapy

a Previous low-trauma fracture after age 50, parental history of hip fracture, 
alcohol intake of >_4 units/day, diseases associated with secondary 
osteoporosis, prior corticosteroids for >6 months, low BMI (<22)

b ESR, FBC, bone and liver function (calcium, phosphate, alkaline 
phosphatase, albumin, AST / GT), serum creatinine, endomysial 
antibodies, serum thyroid stimulating hormone

c Alendronate 70 mg per week, risedronate 35 mg per week, ibandronate 
(150 mg po monthly or 3 mg iv 3-monthly),  zoledronic acid 4 mg iv 
6-monthly

d To be given as _>1 g of calcium + _>800 IU of vitamin D
e Biochemical markers such as serum C-terminal telopeptide of type I 

collagen or urinary N-telopeptide of type I collagen

Low T-score <–1.0 but >–2.0

All other patients

Measure BMD by axial DXA 
(spine and hip) within 3–6 
months

High Risk

Medium Risk

Low Risk

Age _>75 years
and _>1 clinical risk factorsa

Yes No

Assess for secondary 
osteoporosisb

Calcium + vitamin D 
supplementation if  
clinically deficient

Annual rate of bone loss of >4% 
at lumbar spine or total hip  
and/or T score <–2.0

Treat with bisphosphonatesc 

at osteoporosis doses
and calcium + vitamin D 
supplementationd

Both T-scores >–1.0Low T-score <–2.0 or known 
vertebral fracture

Lifestyle advice  
Calcium + vitamin D 
supplementation if  
clinically deficient

Algorithm 2: Postmenopausal adjuvant treatment with aromatase inhibitors

Commencing aromatase 
inhibitor therapy

Lifestyle advice 
Reassure patient 
No further assessment unless 
clinically indicated 

Repeat axial DXA after 
24 months and/or monitor 
if desired with biochemical 
markerse after 6 months

Repeat axial BMD, if available, 
after 24 months of therapy

a Previous low-trauma fracture after age 50, parental history of hip fracture, 
alcohol intake of >_4 units/day, diseases associated with secondary 
osteoporosis, prior corticosteroids for >6 months, low BMI (<22)

b ESR, FBC, bone and liver function (calcium, phosphate, alkaline 
phosphatase, albumin, AST / GT), serum creatinine, endomysial 
antibodies, serum thyroid stimulating hormone

c Alendronate 70 mg per week, risedronate 35 mg per week, ibandronate 
(150 mg po monthly or 3 mg iv 3-monthly),  zoledronic acid 4 mg iv 
6-monthly

d To be given as _>1 g of calcium + _>800 IU of vitamin D
e Biochemical markers such as serum C-terminal telopeptide of type I 

collagen or urinary N-telopeptide of type I collagen

Low T-score <–1.0 but >–2.0

All other patients

Measure BMD by axial DXA 
(spine and hip) within 3–6 
months

High Risk

Medium Risk

Low Risk

Age _>75 years
and _>1 clinical risk factorsa

Yes No

Assess for secondary 
osteoporosisb

Calcium + vitamin D 
supplementation if  
clinically deficient

Annual rate of bone loss of >4% 
at lumbar spine or total hip  
and/or T score <–2.0

Treat with bisphosphonatesc 

at osteoporosis doses
and calcium + vitamin D 
supplementationd

Both T-scores >–1.0Low T-score <–2.0 or known 
vertebral fracture

Lifestyle advice  
Calcium + vitamin D 
supplementation if  
clinically deficient

Algorithm 2: Postmenopausal adjuvant treatment with aromatase inhibitors
Algorithm 2: Postmenopausal adjuvant treatment with aromatase inhibitors
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Audit recommendations

Recommendation Criterion Exceptions Definitions

All postmenopausal women 

receiving aromatase inhibitor 

therapy for the treatment of 

breast cancer should have an 

assessment of skeletal risk

i. All postmenopausal 

women receiving 

aromatase inhibitor 

therapy for the treatment 

of breast cancer should 

have clinical risk factors 

for fracture assessed

ii. All women in whom bone 

sparing therapy is not 

indicated on the basis 

of clinical risk alone 

should have axial bone 

densitometry undertaken 

using DXA

Patients who refuse assessment 

of skeletal status

Patients in whom prognosis is 

so poor as to make bone sparing 

treatment unjustified

Patients already receiving bone 

sparing therapy

With regard to criterion (ii): 

patients who are unable to 

undergo DXA for technical 

reasons

Aromatase inhibitors include: anastrozole, 

letrozole and exemestane

Bone sparing therapy includes: bisphospho-

nates; strontium ranelate 

Calcium and vitamin D supplementation by 

itself is NOT considered bone sparing therapy

Technical reasons for not undertaking DXA 

include: body weight in excess of limit 

for scanner; deformity sufficient to make 

positioning impossible; presence of orthopaedic 

implants or other disease to make it impossible 

to obtain meaningful measurements

Bone sparing therapy should be 

offered to all postmenopausal 

women receiving aromatase 

inhibitors for the treatment  

of breast cancer in whom the  

fracture risk is deemed to 

warrant it

Bisphosphonate therapy 

should be offered according 

to this guideline

Women who refuse to take bone 

sparing therapy

Women in whom bisphosphonates 

(by any route) are contraindicated

Need for bone sparing therapy should be judged 

according to the algorithm with this guideline

Bisphosphonates are contraindicated in 

patients with hypocalcaemia, renal impairment 

(GFR <30ml/min/1.73m2), and sensitivity to 

bisphosphonates

Oral bisphosphonates should be used with 

caution, if at all, in patients with oesophageal 

disease. However, in the absence of other 

contraindications intravenous therapy can be 

used in such circumstances

All patients receiving bone 

sparing therapy should receive 

supplemental calcium and 

vitamin D unless the prescribing 

physician is sure of adequate 

calcium and vitamin D status

Evidence of prescription/

recommendation for calcium 

and vitamin D supplementa-

tion or documented assess-

ment of calcium and vitamin 

D status

Women with hypercalcaemia or 

sarcoidosis

Women with a history of renal 

stones

Minimum doses: calcium 500 mg elemental 

calcium and vitamin D 10 µg (400 international 

units) daily 
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