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Summary

Adjuvant endocrine therapy provides oncological benefits in

women with early oestrogen-receptor-positive breast cancer, but

has adverse effects consequent to induced oestradiol deficiency.

Bone loss is accelerated, predisposing to increased fracture risk.

Metabolic effects include changes in lipid metabolism and body

composition although effects on cardiovascular risk are still

unclear. Women commencing endocrine therapy should be

proactively counselled about and monitored for these and other

therapy-related complications including arthralgia and vasomo-

tor symptoms. We provide strategies for prevention and man-

agement of these adverse effects, based, where available, on

randomized controlled trial evidence specific to breast cancer

survivors receiving endocrine treatment.
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Introduction

Due to earlier detection and advances in adjuvant systemic

treatment, most women with a diagnosis of early oestrogen-

receptor (ER)-positive breast cancer now have a good prognosis

with 10-year survival greater than 90%. Survivorship issues such

as unfavourable breast cancer treatment effects are of paramount

importance.

Adjuvant endocrine therapy, either with selective oestrogen

receptor modulators (SERMs) or aromatase inhibitors (AIs), is

generally given for 5–10 years. SERMs act as ER antagonists in

the breast, but have partial agonistic activity in tissues such as

bone and endometrium. AIs block the conversion of androgens

to oestradiol. In postmenopausal women, this results in near-

complete (>98%) deprivation of circulating oestradiol. As AIs

inhibit the oestradiol-mediated negative feedback on gonadotro-

phin production, they cannot be used in premenopausal women

unless ovarian function is suppressed, typically by pharmacologi-

cal or surgical means.

In postmenopausal women, AIs are preferred because of mod-

est improvements in breast cancer outcomes, including lower

10-year breast cancer mortality compared to tamoxifen (12�1%
vs 14�2%; relative risk (RR) 0�85; 95% confidence interval (CI)

0�75–0�96, P < 0�01).1 In premenopausal women, tamoxifen has

traditionally been first-line treatment, although a combined

analysis of two large randomized controlled trials (RCT), TEXT

and SOFT, reported improved 5-year disease-free survival with

ovarian suppression (OS) plus the AI exemestane compared to

OS plus tamoxifen (91�1% vs 87�3%, hazard ratio (HR) 0�72;
95% CI: 0�60–0�85; P < 0�001).2 While endocrine treatment in

premenopausal women is evolving, the use of OS plus AI is

becoming more frequent, especially in younger (<35–40 year

old) women with high-risk breast cancer.3

The adverse effects of endocrine therapy may have a signifi-

cant negative impact on quality of life, treatment compliance

and on short- and long-term health consequences. Contempo-

rary management involves expertise outside the traditional onco-

logical specialties including endocrinologists, exercise

physiotherapists, sexual health therapists and psychologists. This

review focuses on the skeletal and vascular effects of endocrine

therapy.

Bone loss and fractures

Tamoxifen has differential effects on bone mineral density (BMD)

depending on ovarian oestradiol production. In postmenopausal

women, tamoxifen modestly increased BMD (+1�2% at the lum-

bar spine at 2 years vs �2�0% with placebo).4 In women who con-

tinue to menstruate after chemotherapy, tamoxifen reduced

lumbar spine BMD by 4�6% at 3 years of follow-up.5

In postmenopausal women, AIs are associated with increased

bone remodelling, a twofold to threefold accelerated BMD
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decline and increased fracture rates. In one study, hip BMD

declined by 7�24% after 5 years of AI treatment, and the magni-

tude of bone loss was greatest within the first 2 years.6 In a

meta-analysis of seven RCTs enrolling 30 023 patients,7 AI use

was associated with a 47% increased fracture risk compared with

tamoxifen (odds ratio 1�47; 95% CI: 1�34–1�61; P < 0�001). The
absolute difference between the two groups was 2�2%, with a

number needed to harm to cause one fracture of 46. Fracture

rates were not uniformly collected and varied from 0�9% to

11�0% in these RCTs.7 Fractures were not adjudicated as pri-

mary end-points, and the true risk is likely underestimated;

indeed, in a recent RCT where bone health was the primary

focus, 10% of patients will have a new clinical fracture within

3 years of AI treatment.8

The largest magnitude of bone loss, 7–9% in the first

12 months, occurs in premenopausal women with chemother-

apy-induced menopause or treatment with OS plus AI (Fig. 1,

adapted from Gralow et al.9). Alkylating chemotherapy and age

>40 years are associated with the highest risk of ovarian failure.

In TEXT/SOFT, the use of OS and AI was associated with twice

the prevalence of osteoporosis compared to OS and tamoxifen

use (13�2% vs 6�4% at 68 months).2

In RCTs of postmenopausal women, bisphosphonates consis-

tently prevent endocrine therapy-induced bone loss, but fracture

outcome data are lacking. By contrast, the ABCSG-18 trial

reported a 50% reduction in clinical fracture rates with deno-

sumab (60 mg given 6 monthly for 3 years) compared to pla-

cebo (HR 0�50; 95% CI: 0�39–0�65; P < 0�0001) in

postmenopausal women receiving AI treatment.8 Although frac-

ture numbers were small (overall n = 268), the 55% of patients

with normal baseline lumbar spine T-score (≥1�0) had similar

benefit (HR 0�44; 95% CI: 0�31–0�64; P < 0�0001) compared to

patients with a T-score of <1�0 (HR 0�57; 95% CI: 0�40–0�82;
P < 0�0001).8 A recent meta-analysis reported that bisphospho-

nates reduced the risk of breast cancer recurrence (RR 0�86;
95% CI: 0�78–0�94; P = 0�002), and mortality (0�82, 0�73–0�93;
P = 0�002).10 In premenopausal women receiving AI and OS,

bone loss (mean loss 11% at the lumbar spine 3 years in the

absence of antiresorptive treatment) was completely prevented

by 6-monthly administration of zoledronic acid.11

Assessment and management of bone health

Prior to commencement of adjuvant endocrine therapy, all

women should have a baseline assessment of fracture risk (Fig. 2)

which includes ascertainment of clinical risk factors, basic labora-

tory testing (electrolytes, calcium, alkaline phosphatase and vita-

min D), BMD, and, if reduced bone mass is present,

individualized assessment to identify secondary causes of osteo-

porosis. In women with osteopenia, plain radiographs of the tho-

racolumbar spine should be considered to exclude subclinical

vertebral fractures. The World Health Organisation Fracture Risk

Assessment Tool (FRAX) does not take AI treatment or

chemotherapy into consideration. Therefore, FRAX may substan-

tially underestimate fracture risk in women receiving these treat-

ments. The utility of bone remodelling markers or bone imaging

other than DXA requires further evaluation. DXA should be

repeated 12 months after commencement of endocrine therapy,

with subsequent individualized monitoring frequency.

General measures to prevent bone loss should be implemented

in all women starting endocrine therapy including ensuring cal-

cium and vitamin D sufficiency (Fig. 2). Medications with

adverse effects on BMD should be avoided.

In line with general recommendations of the National Osteo-

porosis Foundation,12 women ≥70 years with a BMD T-score

≤�2�5 or with a minimal trauma fracture should commence

antiresorptive therapy unless contraindicated. There is limited

evidence specific to women receiving endocrine therapy to guide

recommendations outside these criteria, especially in pre-

menopausal women. Although recommendations differ slightly

between guidelines,9,13–15 antiresorptive therapy should be initi-

ated in AI-treated women not fulfilling NOF criteria if the BMD

T-score is <�2�0 or ≥2 fracture risk factors are present, and be

considered where there is a >5–10% decrease in BMD in

1 year.14

The duration of antiresorptive treatment should be individual-

ized based on absolute fracture risk. Bone loss in most untreated

women is most marked in the 12–24 months post-AI initiation,

and limited data suggest partial BMD recovery after cessation of

endocrine treatment.

Premenopausal women commonly have normal baseline BMD

with low short-term fracture risk, yet lose bone more rapidly

than older postmenopausal women. Decisions regarding antire-

sorptive treatment should be carefully discussed with the patient.

Bisphosphonates can persist in the bone matrix for years after

therapy is discontinued, potentially resulting in foetal exposure

during pregnancy.

Aromatase inhibitor-induced arthralgia

Musculoskeletal symptoms (arthralgia, carpal tunnel syndrome,

musculoskeletal pain) occurred in 43% of AI- compared to 28%

in tamoxifen-treated women in one large study.16 They lead to

AI discontinuation in up to 20% of patients. Although the

underlying aetiology is unclear, risk factors include obesity, ER-

positive breast cancer and prior chemotherapy.17 In one-third of

women who continue therapy, symptoms improve within
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6 months.17 In the majority, switching from one AI to another

does not help arthralgia.

In a 12-month RCT among 121 women receiving an AI and

reporting arthralgia, exercise (150 min per week of aerobic exer-

cise and supervised strength training twice per week) reduced

worst joint pain scores by 29% vs a 3% increase with usual care,

and decreased overall pain severity and interference.18 Although

some RCTs reported benefits from acupuncture, this was not

confirmed in a recent meta-analysis.19 Symptomatic treatment

includes analgesia including nonsteroidal anti-inflammatory

drugs, and potentially duloxetine,20 currently being evaluated in

a phase III RCT (NCT01598298). In patients in whom arthral-

gias compromise their quality of life significantly, a discussion

should be made about switching over to tamoxifen. The clini-

cian and patient need to weigh this up against the small increase

in recurrence rates of tamoxifen compared to AIs.

Metabolic and cardiovascular effects

The menopausal state is associated with increased cardiovascular

risk partially attributed to the negative effects of oestradiol defi-

ciency on lipid metabolism and visceral fat accumulation with

resultant insulin resistance. According to the timing hypothesis,

early oestradiol deprivation may have adverse cardiovascular

effects.21 This could be particularly detrimental to young pre-

menopausal women in whom treatment with OS plus AI leads

to oestradiol levels lower than menopausal levels. However, little

is known about the long-term metabolic and cardiovascular

effects in these women.

In postmenopausal women, a meta-analysis7 of large efficacy

RCTs of adjuvant endocrine therapy demonstrated an increased

cumulative risk of cardiovascular disease (CVD) with the use of

AIs compared to tamoxifen (OR = 1�26; 95% CI: 1�10–1�43;
P < 0�001; number needed to harm = 132). In contrast, in a

recent retrospective cohort study22 of 13 273 postmenopausal

women without prior CVD, AI users had a similar risk of cardiac

ischaemia (HR 0�97; 95% CI: 0�78–1�22) or stroke (HR 0�97; 95%
CI: 0�70–1�33) compared to tamoxifen users.22 The differential

CVD risk of AI compared to tamoxifen may be related to effects

on lipid metabolism. Tamoxifen modestly decreases LDL choles-

terol and increases HDL,23 whereas opposite changes have been

reported for AIs24 although not all studies concur. Conversely,

small studies suggest that AI use, compared to tamoxifen, is associ-

ated with modest changes in body composition expected to be

metabolically favourable, although data are far from definitive.25,26

In the absence of specific evidence, CVD assessment, manage-

ment and risk factor control should follow to guidelines estab-

lished in patients without breast cancer,27 noting that CVD

events are a common cause of mortality in older breast cancer

survivors. Lifestyle measures including maintaining a healthy

weight, regular physical activity and smoking cessation should

be recommended routinely; these measures also reduce adverse

breast cancer-associated oncological outcomes.28

Vasomotor effects

Vasomotor symptoms occur in the majority of breast cancer

survivors, especially with tamoxifen. Although frequency and

BASELINE ASSESSMENT
Clinical risk factors for osteoporosis: age >65 years, previous minimal trauma fracture after age 
50, parental history of hip fracture, low body mass index (<20 kg/m2), current or previous cigarette
smoking, consumption of >3 units of alcohol per day, glucocorticoid use for more than six 
months, and relevant co-existing medical conditions such as rheumatoid arthritis 

Clinical risk factors for osteoporosis specific to breast cancer: high prevalence of vitamin D 
deficiency (up to 88%), decreased physical activity, increased risk of falls secondary to treatment-
induced neuropathy, chemotherapy induced ovarian failure, AI therapy, OS plus AI or tamoxifen 
in premenopausal women, and use of glucocorticoids with chemotherapy regimens

Falls risk 

Laboratory testing to exclude secondary causes of osteoporosis: serum calcium, parathyroid 
hormone, 25-hydroxy vitamin D, creatinine clearance, liver function, coeliac serology and thyroid
stimulating hormone

Hip and spine BMD measurement by dual energy X-ray absorptiometry

Thoracolumbar spine X-rays in women with osteopenia or osteoporosis (BMD T-score <–1·0
and <–2·5 respectively)  

MANAGEMENT
Non-pharmacological 
- Regular moderate physical activity (weight-bearing exercises and resistance training)
- Smoking cessation, 
- Limitation of alcohol to <3 standard drinks per day
- Calcium intake of 1000–1300 mg, preferably dietary
- 25-hydroxy vitamin D supplementation to achieve and maintain levels >75 nmol/l

Pharmacological
Antiresorptive therapy in women with:
- Clinical or radiological minimal trauma fracture
- Baseline BMD T-score of <–2·0
- Annual BMD loss of 5–10%
- 10-year absolute risk of a major osteoporotic fracture of >20%, or of a hip fracture of >3%

Fig. 2 Monitoring and management of bone health

in women with breast cancer. AI, aromatase

inhibitor; OS, ovarian suppression; BMD, bone

mineral density.
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severity may decrease over time, they can negatively impact

treatment compliance, sleep, mood and quality of life. Extrapo-

lating from evidence in postmenopausal women without breast

cancer, an initial trial of lifestyle modifications is a rational

approach. Weight loss, not exercise, has been associated with

benefit in overweight/obese women.28 There is no consistent evi-

dence for efficacy of complementary and alternative therapies.

For moderate-to-severe hot flushes, selective serotonin reup-

take inhibitors, serotonin noradrenaline reuptake inhibitors and

gabapentin appear to be the most successful nonhormonal phar-

macotherapies, although there is marked variability in treatment

response and a significant placebo effect (up to 50% in some tri-

als).29 Clonidine has also a 20–30% reduction compared to pla-

cebo, but is not commonly used due to significant side effects of

mouth dryness, drowsiness and constipation.30 In women being

treated with tamoxifen, potent inhibitors of cytochrome P450

2D6 such as fluoxetine and paroxetine should be avoided due to

potential inhibition of tamoxifen bioactivation. In severe cases,

adjuvant endocrine therapy might need to be ceased. Hormonal

treatments such as oestradiol31 or tibolone32 have been shown to

increase the risk of breast cancer recurrence in some RCTs of

breast cancer survivors, and we do not recommend their use.

While there is no question that hormonal treatments are abso-

lutely contraindicated in women on AI, some authorities would

consider hormone therapy in breast cancer survivors on tamox-

ifen for quality of life if other measures have failed to provide

adequate symptomatic relief, although this remains controversial

(for review, see Santen et al.33). It is our practice to avoid sys-

temic oestrogens in our patients with a history of breast cancer.

Conclusions

Prior to commencement of adjuvant endocrine therapy, all

patients should be counselled about associated side effects, and

these should be considered in the decision-making process, espe-

cially in women at high risk for cardiovascular events or frac-

tures. Treating clinicians should be assiduous in ascertaining

treatment-related adverse effects and pursue interventions

known to mitigate these effects and enhance treatment adher-

ence. Management is best done using an individualized, multi-

disciplinary approach. Future clinical trials are needed to better

delineate the long-term sequelae of adjuvant endocrine therapy,

in particular cardiovascular and fracture risks, and to determine

the efficacy of interventions designed to minimize or prevent

these risks.

Disclosures

The authors have no conflict of interest to disclose.

References

1 Early Breast Cancer Trialists’ Collaborative Group, Dowsett, M.,

Forbes, J.F. et al. (2015) Aromatase inhibitors versus tamoxifen

in early breast cancer: patient-level meta-analysis of the ran-

domised trials. Lancet, 386, 1341–1352.

2 Pagani, O., Regan, M.M., Walley, B.A. et al. (2014) Adjuvant

exemestane with ovarian suppression in premenopausal breast

cancer. New England Journal of Medicine, 371, 107–118.
3 Burstein, H.J., Lacchetti, C., Anderson, H. et al. (2016) Adjuvant

endocrine therapy for women with hormone receptor-positive

breast cancer: American Society of Clinical Oncology Clinical

Practice Guideline update on ovarian suppression. Journal of

Clinical Oncology, 34, 1689–1701.
4 Love, R.R., Mazess, R.B., Barden, H.S. et al. (1992) Effects of

tamoxifen on bone mineral density in postmenopausal women

with breast cancer. New England Journal of Medicine, 326, 852–
856.

5 Vehmanen, L., Elomaa, I., Blomqvist, C. et al. (2006) Tamoxifen

treatment after adjuvant chemotherapy has opposite effects on

bone mineral density in premenopausal patients depending on

menstrual status. Journal of Clinical Oncology, 24, 675–680.
6 Eastell, R., Adams, J.E., Coleman, R.E. et al. (2008) Effect of

anastrozole on bone mineral density: 5-year results from the

anastrozole, tamoxifen, alone or in combination trial 18233230.

Journal of Clinical Oncology, 26, 1051–1057.
7 Amir, E., Seruga, B., Niraula, S. et al. (2011) Toxicity of adjuvant

endocrine therapy in postmenopausal breast cancer patients: a

systematic review and meta-analysis. Journal of the National Can-

cer Institute, 103, 1299–1309.
8 Gnant, M., Pfeiler, G., Dubsky, P.C. et al. (2015) Adjuvant deno-

sumab in breast cancer (ABCSG-18): a multicentre, randomised,

double-blind, placebo-controlled trial. Lancet, 386, 433–443.
9 Gralow, J.R., Biermann, J.S., Farooki, A. et al. (2013) NCCN task

force report: bone health in cancer care. Journal of the National

Comprehensive Cancer Network, 11(Suppl 3), S1–S50; quiz S51.
10 Early Breast Cancer Trialists’ Collaborative Group, Coleman, R.,

Powles, T. et al. (2015) Adjuvant bisphosphonate treatment in

early breast cancer: meta-analyses of individual patient data from

randomised trials. Lancet, 386, 1353–1361.
11 Gnant, M., Mlineritsch, B., Luschin-Ebengreuth, G. et al. (2008)

Adjuvant endocrine therapy plus zoledronic acid in pre-

menopausal women with early-stage breast cancer: 5-year follow-

up of the ABCSG-12 bone-mineral density substudy. The Lancet

Oncology, 9, 840–849.
12 Cosman, F., de Beur, S.J., LeBoff, M.S. et al. (2014) Clinician’s

guide to prevention and treatment of osteoporosis. Osteoporosis

International, 25, 2359–2381.
13 Rizzoli, R., Body, J.J., Brandi, M.L. et al. (2013) Cancer-asso-

ciated bone disease. Osteoporosis International, 24, 2929–2953.
14 Coleman, R., Body, J.J., Aapro, M. et al. (2014) Bone health in

cancer patients: ESMO Clinical Practice Guidelines. Annals of

Oncology, 25(Suppl 3), iii124–iii137.
15 Hillner, B.E., Ingle, J.N., Chlebowski, R.T. et al. (2003) American

Society of Clinical Oncology 2003 update on the role of bisphos-

phonates and bone health issues in women with breast cancer.

Journal of Clinical Oncology, 21, 4042–4057.
16 Coombes, R.C., Kilburn, L.S., Snowdon, C.F. et al. (2007) Sur-

vival and safety of exemestane versus tamoxifen after 2-3 years’

tamoxifen treatment (Intergroup Exemestane Study): a ran-

domised controlled trial. Lancet, 369, 559–570.
17 Sestak, I., Cuzick, J., Sapunar, F. et al. (2008) Risk factors for

joint symptoms in patients enrolled in the ATAC trial: a retro-

spective, exploratory analysis. The Lancet Oncology, 9, 866–872.
18 Irwin, M.L., Cartmel, B., Gross, C.P. et al. (2015) Randomized

exercise trial of aromatase inhibitor-induced arthralgia in breast

cancer survivors. Journal of Clinical Oncology, 33, 1104–1111.

© 2016 John Wiley & Sons Ltd

Clinical Endocrinology (2016), 85, 689–693

692 S. K. Ramchand et al.



19 Chien, T.J., Liu, C.Y., Chang, Y.F. et al. (2015) Acupuncture for

treating aromatase inhibitor-related arthralgia in breast cancer: a

systematic review and meta-analysis. Journal of Alternative and

Complementary Medicine, 21, 251–260.
20 Henry, N.L., Banerjee, M., Wicha, M. et al. (2011) Pilot study of

duloxetine for treatment of aromatase inhibitor-associated mus-

culoskeletal symptoms. Cancer, 117, 5469–5475.
21 Hodis, H.N., Mack, W.J., Henderson, V.W. et al. (2016) Vascu-

lar effects of early versus late postmenopausal treatment with

estradiol. New England Journal of Medicine, 374, 1221–1231.
22 Haque, R., Shi, J., Schottinger, J.E. et al. (2016) Cardiovascular dis-

ease after aromatase inhibitor use. JAMA Oncology, DOI:10.1001/

jamaoncol.2016.0429. [Epub ahead of print].

23 Love, R.R., Wiebe, D.A., Feyzi, J.M. et al. (1994) Effects of

tamoxifen on cardiovascular risk factors in postmenopausal

women after 5 years of treatment. Journal of the National Cancer

Institute, 86, 1534–1539.
24 Bell, L.N., Nguyen, A.T., Li, L. et al. (2012) Comparison of

changes in the lipid profile of postmenopausal women with early

stage breast cancer treated with exemestane or letrozole. Journal

of Clinical Pharmacology, 52, 1852–1860.
25 van Londen, G.J., Perera, S., Vujevich, K. et al. (2011) The

impact of an aromatase inhibitor on body composition and

gonadal hormone levels in women with breast cancer. Breast

Cancer Research and Treatment, 125, 441–446.
26 Francini, G., Petrioli, R., Montagnani, A. et al. (2006) Exemes-

tane after tamoxifen as adjuvant hormonal therapy in post-

menopausal women with breast cancer: effects on body

composition and lipids. British Journal of Cancer, 95, 153–158.
27 Goff, D.C. Jr, Lloyd-Jones, D.M., Bennett, G. et al. (2014) 2013

ACC/AHA guideline on the assessment of cardiovascular risk: a

report of the American College of Cardiology/American Heart

Association Task Force on Practice Guidelines. Circulation, 129,

S49–S73.

28 Ligibel, J. (2012) Lifestyle factors in cancer survivorship. Journal

of Clinical Oncology, 30, 3697–3704.
29 Hoda, D., Perez, D.G. & Loprinzi, C.L. (2003) Hot flashes in

breast cancer survivors. The Breast Journal, 9, 431–438.
30 Rada, G., Capurro, D., Pantoja, T. et al. (2010) Non-hormonal

interventions for hot flushes in women with a history of breast

cancer. Cochrane Database Systematic Review, Issue 9, Pages

CD004923, DOI:10.1002/14651858.CD004923.pub2.

31 Holmberg, L., Iversen, O.E., Rudenstam, C.M. et al. (2008)

Increased risk of recurrence after hormone replacement therapy

in breast cancer survivors. Journal of the National Cancer Insti-

tute, 100, 475–482.
32 Kenemans, P., Bundred, N.J., Foidart, J.M. et al. (2009) Safety

and efficacy of tibolone in breast-cancer patients with vasomotor

symptoms: a double-blind, randomised, non-inferiority trial. The

Lancet Oncology, 10, 135–146.
33 Santen, R.J., Allred, D.C., Ardoin, S.P. et al. (2010) Post-

menopausal hormone therapy: an Endocrine Society scientific

statement. Journal of Clinical Endocrinology and Metabolism, 95,

S1–S66.
34 Kanis, J.A. (1997) Pathogenesis of osteoporosis and fracture. In:

J.A. Kanis ed. Osteoporosis. Blackwell Healthcare Communica-

tions, London, UK, 22–55.
35 Eastell, R., Hannon, R.A., Cuzick, J. et al. (2006) Effect of an

aromatase inhibitor on bmd and bone turnover markers: 2-year

results of the Anastrozole, Tamoxifen, Alone or in Combination

(ATAC) trial (18233230). Journal of Bone and Mineral Research:

The Official Journal of the American Society for Bone and Mineral

Research, 21, 1215–1223.
36 Shapiro, C.L., Manola, J. & Leboff, M. (2001) Ovarian failure

after adjuvant chemotherapy is associated with rapid bone loss

in women with early-stage breast cancer. Journal of Clinical

Oncology, 19, 3306–3311.

© 2016 John Wiley & Sons Ltd

Clinical Endocrinology (2016), 85, 689–693

Endocrine therapy in breast cancer 693

http://dx.doi.org/10.1001/jamaoncol.2016.0429
http://dx.doi.org/10.1001/jamaoncol.2016.0429
http://dx.doi.org/10.1002/14651858.CD004923.pub2

