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Abstract
Purpose of Review The article reviews the consequences of estrogen deprivation during endocrine therapy for breast cancer and
provides an update on alternative therapies for the management of symptoms.
Recent Findings Endocrine therapy has progressed substantially in recent years, and its use is recommended for all breast cancer
patients expressing hormone receptors. The main adverse events of this treatment can be controlled with medications and
nonpharmacological measures. Antidepressants are effective in controlling vasomotor symptoms. Vaginal discomfort can be
treated with local lubricants and pelvic floor physiotherapy, which may help in sexual dysfunction. Pathophysiological mech-
anisms of musculoskeletal symptoms during aromatase inhibitors treatment are not well understood, but some studies evaluating
treatment with duloxetine, yoga, and acupuncture have shown some benefits. For prevention of bone loss, patients with risk
factors should be offered bisphosphonates or denosumab.
Summary Individualization of treatment is crucial. Consideration should be given to therapy effects on quality of life, and
strategies for controlling associated symptoms should be offered.

Keywords Breast cancer .Endocrine therapy .Estrogendeprivation .Adverseevents .Hormone receptor (HR)positive .Luminal
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Introduction

Approximately 80% of diagnosed breast cancer tumors express
estrogen receptors (ERs), and 90% of these patients present
with stage I to III disease [1]. Estradiol is important for breast
cancer development and progression. Tamoxifen is a selective
estrogen receptor modulator that competitively inhibits estro-
gen’s binding to ER and is effective in both pre- and postmen-
opausal women. Aromatase inhibitors (anastrozole,

exemestane, and letrozole) decrease estradiol concentration by
inhibiting conversion of androgens to estrogen and are effective
only in postmenopausal women (including those who are post-
menopausal because of medical ovarian suppression or
oophorectomy).

Endocrine therapy prevents the deleterious effects of estra-
diol in breast tissue reducing the recurrence and mortality
rates. However, androgen-deprivation therapy may also have
significant side effects including vasomotor symptoms, ar-
thralgia, nausea, weight gain, and vaginal dryness, among
others, and these may affect quality of life and are important
contributors to nonadherence to therapy (Fig. 1) [2]. In pa-
tients with HR+ breast cancer, the risk of recurrence occurs
in a period from 5 to 20 years after finishing adjuvant treat-
ment. In 2005, the Early Breast Cancer Trialists’
Collaborative Group (EBCTCG) described a reduction in the
breast cancer mortality rate by 31% with 5 years of adjuvant
tamoxifen; in 2015, a meta-analysis showed an additional
benefit of AIs in comparison to tamoxifen [3]. The improve-
ment of 2–4% in disease-free survival with 5 years of AI
treatment after an initial 5 years of tamoxifen (with no differ-
ences in overall survival) was demonstrated in three trials:
ABCSG-6a (anastrozole), MA.17 (letrozole), and NSABP
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B33 (exemestane) [4]. In the MA.17R trial, women were ran-
domized to receive letrozole or placebo for another 5 years
within 2 years after completing treatment with an AI; there
was almost a doubling in the rate of osteoporosis (11 vs 6%)
and a 3.5% absolute increase in fracture rates [5]. A recent
systematic review of 16,349 women showed increased odds
of fracture (odds ratio (OR) 1.34; 95% CI 1.16–1.55) with AI
treatment beyond 5 years [6].

Extended duration therapy is associated with adverse ef-
fects and may affect quality of life or increase the risk of other
health problems. For these reasons, and because the absolute
benefits of risk reduction with extended therapy are modest in
average-risk patients, the extension of treatment must be indi-
vidualized and based on cancer stage and risk of late recur-
rence [9••].

This review will discuss the common effects of endocrine
therapy and the management of symptoms related to hormone
deprivation in patients with cancer.

Vasomotor Symptoms

Hot flashes and night sweats are associated with hormone
depletion, occurring in approximately 75% of women during
the menopausal transition and are related with all endocrine
treatments, especially tamoxifen and the AIs [10]. Hot flashes
have been defined as a sensation of intense warmth in the
chest area, neck, and face and may be accompanied by per-
spiration, chills, heart palpitations, and feelings of anxiety.
Women who have had treatments that cause early menopause
may have hot flashes that are more severe and last longer [11].

The frequency and intensity of hot flashes can cause fatigue,
difficulty in concentration, irritability, poorer health status,
and sleep disturbances that diminish quality of life and reduce
adherence with the prescribed therapies. Hot flash reductions
have been reported with antidepressants in breast cancer sur-
vivors and women without a history of breast cancer [12–14].
Agents that increase serotonin and norepinephrine transmis-
sion (SSRIs/SNRIs) are efficacious in the treatment of vaso-
motor symptoms (VMS). Venlafaxine was the first antidepres-
sant agent that demonstrated clinical efficacy in the treatment
of hot flashes [12]. A 4-arm placebo-controlled randomized
trial revealed that venlafaxine 75 mg per day decreased hot
flashes by 60% [15].

A systematic review and meta-analysis of 11 randomized
controlled trials (RCTs) evaluated the effectiveness of five
antidepressants (paroxetine, citalopram, escitalopram, fluoxe-
tine, and sertraline) and showed a significant decrease in the
number of daily hot flashes at 4 to 8 weeks, when compared to
placebo [14]. The doses supported by International
Menopause Societies include paroxetine 10–15 mg,
esc i t a lopram 10–20 mg, c i t a lopram 10–20 mg,
desvenlafaxine 100–150 mg, and venlafaxine 37.5–150 mg
per day. Caution is needed for women using tamoxifen, since
some antidepressants may interfere with tamoxifen metabo-
lism by inhibiting the CYP2D6 enzyme (most notably fluox-
etine and paroxetine).

Gabapentin and pregabalin are structural analogs of the
neurotransmitter gamma-aminobutyric acid (GABA), and
studies have suggested these 2 drugs as nonhormonal treat-
ment options for vasomotor symptoms [16]. A recent system-
atic review and meta-analysis provided evidence of the
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positive efficacy of gabapentin in alleviating hot flash inwom-
en receiving hormone deprivation therapy [17]. The evidence
of pregabalin for the management of VMS was limited and
needs further investigation.

Clonidine is an adrenergic agonist used for treating hyper-
tension. In women with breast cancer, significant decreases in
hot flash frequency and severity were seen after 4 weeks of
transdermal clonidine (equivalent to 0.1 mg/d orally).
However, side effects were significant and included dry
mouth, constipation, and drowsiness. Only 48% of the 89
participants indicated a preference for clonidine over placebo
at the end of the study [18].

A recent phase II, double-blind, placebo-controlled trial
tested a new neurokinin-3 receptor antagonist (MLE4901)
40 mg orally twice daily. MLE4901 significantly led to a
reduction of the total weekly number of hot flashes by 45%
compared with placebo [19].

Hormone therapy is the gold standard for relief of hot
flashes and night sweats during menopause, but it is generally
contraindicated in women after breast cancer due to their po-
tential proliferative effect on breast [20].

Table 1 shows a summary of pharmacological strategies for
vasomotor symptoms in women with breast cancer.

Acupuncture could regulate temperature control through
increasing beta-endorphin levels and subsequent inhibition
of GnRH. Preliminary studies have demonstrated the effect
of acupuncture on hot flashes for breast cancer survivors.
However, in the previous studies, hot flash treatment efficacy
did not differ between acupuncture and the pharmacologic
treatment [21]. To confirm these findings, larger comparative
effectiveness trials in broader populations are needed.
Hypnosis is characterized by a state of deep relaxation and
heightened focus, with improved awareness and suggestibility
allowing improved concentration on specific feelings, images,
thoughts, and sensations, and is used primarily to relieve

stress, anxiety, and pain. Hypnosis has been studied in small
pilot trials of breast cancer survivors. Two RCTS have dem-
onstrated improvements in vasomotor symptoms with weekly
hypnosis sessions for 5 weeks. A 56% reduction in hot flush
scores compared to baseline was demonstrated in 187 post-
menopausal women, and a reduction of 68% was shown in
women with a history of breast cancer [22].

A systematic review of yoga for menopausal symptoms
found insufficient evidence to suggest that yoga was an effec-
tive intervention for hot flashes [23], although yoga may have
other benefits on sleep, mood, or quality of life.

Cognitive behavioral therapy (CBT) has been shown to
reduce VMS problem ratings, but not VMS frequency, in 2
randomized controlled trials [24••]. However, CBT can be
considered to alleviate low mood or anxiety that arises as a
result of menopause.

Vulvovaginal Symptoms

Vulvovaginal atrophy (VVA) is a common consequence of
estrogen deficiency. Symptoms of VVA include vaginal dry-
ness, irritation, itching, infection, discomfort, and
dyspareunia. Vaginal dryness and discomfort with sexual ac-
tivity occur in nearly half of postmenopausal women and in
more than 60% of breast cancer survivors [25]. A study to
investigate the prevalence of urogenital symptoms and vaginal
atrophy in postmenopausal breast cancer patients demonstrat-
ed that vaginal dryness and pain or discomfort with inter-
course were more common in AI users. The only vaginal
atrophy symptom that tended to be more common among
tamoxifen-treated patients than among AI users was moderate
to severe vaginal discharge [26].

Nonprescription treatments like vaginal moisturizers and
lubricants are recommended as first-line treatment [27]. A
prospective study suggested that use of lidocaine was associ-
ated with 90% of patients reporting comfortable penetration
and 85% of abstainers from intercourse being able to resume
comfortable intercourse [28]. According to the American
College of Obstetricians and Gynecologists, the use of low-
dose vaginal estrogens does not result in sustained serum es-
trogen levels. However, for women with a history of estrogen-
dependent breast cancer, the use should be individualized and
reserved for patients who are unresponsive to nonhormonal
treatments [29].

The oral SERM, ospemifene, is not recommended for the
treatment of refractory vaginal symptoms as there is no evi-
dence about safety in women with breast cancer, although
preclinical studies suggest a neutral effect on breast tissue
[24••].

Small studies of laser therapy have demonstrated an im-
provement in vaginal symptoms in breast cancer survivors,
but RCTs are still needed [30].

Table 1 Pharmacological strategies for vasomotor symptoms

Class Drug Dose and schedule

Antidepressant - SNRI Venlafaxine 75mg/d

Desvenlafaxine 100–150mg/d

Antidepressant - SSRI Paroxetine 10–15mg/d

Escitalopram 10–20mg/d

Citalopram 10–20mg/d

Fluoxetine 20mg/d

Sertraline 50mg/d

Anticonvulsant Gabapentin 900mg/d

Pregabalin 150mg/d

Adrenergic agonist Clonidine 0.1mg/d

Neurokinin-3 receptor antagonist MLE4901 80mg/d

SNRI serotonin-norepinephrine reuptake inhibitors, SSRI selective sero-
tonin reuptake inhibitors
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Sexual Dysfunction

Sexual functioning is an important component of quality of
life for many patients with cancer and cancer survivors. For a
variety of cancer types, estimates of sexual dysfunction after
treatment range from 40 to 100% and involve physical and
psychological causes. Sexual dysfunction can cause emotion-
al distress by reinforcing negative body image, disrupting re-
lationships, and reminding patients of their cancer experience
[31].

In addition to the treatment of vaginal dryness, womenmay
benefit from a multidisciplinary approach to sexual dysfunc-
tion that incorporates a psychologist or sex therapist, particu-
larly if there are relationship concerns [31]. Therapist trained
in the management of pelvic floor disorders can be helpful for
the management of tight, tender pelvic floor muscles and to
promote relaxation of the pelvic floor muscles, direct dilator
therapy, and decrease fear of penetration.

Musculoskeletal Symptoms

Musculoskeletal symptoms are among the most common side
effects of aromatase inhibitors (AI) and include joint pain and
stiffness, muscle pain and weakness, and carpal tunnel syn-
drome. This group of symptoms is currently called aromatase
inhibitor associated musculoskeletal syndrome (AIMSS). To
date, there are no clinical and radiological criteria that define
the diagnosis of AIMSS. The reported prevalence of AIMSS
ranges from 20 to 74% in clinical trials [32]. The pathophys-
iological mechanism is still not well understood. Reduction of
estrogen levels with the resulting changes in immune system,
cytokines, and pain sensitivity in the central nervous system is
the most accepted theory [33].

A recent Cochrane review of 7 RCTs evaluated the effec-
tiveness of physical exercise on the prevention and manage-
ment of AIMSS, but no improvements in symptoms, quality
of life, or adherence to AI could be demonstrated [34•]. Due to
the positive effects of physical activity on general health, it
should still be recommended to all patients. In an RCT using a
yoga modality (YOCAS © ®) in breast cancer patients on
endocrine therapy (AI or tamoxifen), there was a reduction
in musculoskeletal symptoms such as general pain, muscle
pain, and physical discomfort [35].

In regard to acupuncture, one systematic review and meta-
analysis of 5 RCTs did not show statistically significant ben-
eficial effects [36]. In a more recent RCT, not included in that
meta-analysis, there was a statistically significant difference
between the groups (true acupuncture, sham acupuncture,
waitlist) favoring the true acupuncture group. However, given
the small magnitude of the difference, the authors question the
clinical relevance of this finding [37].

For pain control, simple analgesics like paracetamol and
nonsteroidal anti-inflammatory drugs can be used, based on
expert opinions, however, with no RCT validation [38].
Omega 3 was evaluated in a placebo-controlled RCT with
249 breast cancer patients using AI; although initial results
showed no improvement in pain scores [39], a post hoc eval-
uation showed reduction in arthralgias in patients with body
mass index (BMI) ≥ 30 kg/m2 [40].

Vitamin D was evaluated in 3 RCTs in patients with
AIMSS. One of them used high doses of vitamin D weekly
(50,000 IU), showing some improvement in pain after 2
months of use; 4 of 28 patients enrolled in the intervention
group, however, developed hypercalciuria [41]. In other 2
RCTs, there was no benefit of vitamin D in pain relief [42,
43]. In clinical practice, this approach still needs efficacy
validation.

Duloxetine efficacy was assessed in the SWOG S1202
study, a randomized placebo-controlled trial [44••]. There
was an improvement in AIMSS symptoms after a 12-week
observation period in the general population; a post hoc anal-
ysis showed that the benefit in pain was statistically improved
only in the obese population (BMI ≥ 30kg/m2) [45].

The strategy of exchanging one AI for another can help to
improve the compliance in some patients. However, most of
them continue to complain of musculoskeletal symptoms after
starting the new medication [46]. Periodic AI treatment inter-
ruptions of short durations seem to be safe and to have no
effect on clinical outcomes, representing an option in patients
with more severe symptoms [47]. The switch from an AI to
tamoxifen could also be considered in patients with AIMSS.

Bone Health

Endocrine therapy in breast cancer can alter the basal bone
metabolism. Estrogen deficiency causes an imbalance in bone
remodeling, leading to loss of bone density [48]. Medications
as AI usually decrease bone mass by reducing estrogen levels.
Tamoxifen has different actions depending on menopausal
status: in postmenopausal women, it acts as a partial agonist,
increasing bonemass, and in premenopausal patients, it acts as
a partial antagonist, competing with estrogen and reducing
bone density. In postmenopausal women treated with AI, it
is expected a 17% higher risk of bone fracture in comparison
with general population and a 33% increase in fractures when
compared to patients using tamoxifen [49].

A group of societies and specialists from different countries
recently published a systematic review on the management of
bone loss in patients with breast cancer using aromatase in-
hibitors [50]. Two guidelines from societies involved in on-
cology have been published in recent years regarding bone
health of cancer patients (American Society of Clinical
Oncology and European Society of Clinical Oncology) [51,
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52]. Among the measures cited are those of bone loss control
for patients with non-metastatic breast cancer using endocrine
therapy.

Among the most important nonpharmacological recom-
mendations are smoking cessation and regular physical exer-
cise [50–52]. The orientation is that all patients perform diver-
sified physical activities, mainly involving resistance and
strength, although there are no studies showing an increase
in bone density with this approach alone. In a systematic re-
view in patients without neoplasia, there was a tendency to
increase bone mass with physical exercise in postmenopausal
women [53]. In two recent meta-analyses on the impact of
physical activity on cancer patients (most of the selected stud-
ies included breast cancer patients, many of them using endo-
crine therapy), there was no significant increase in bone mass
in postmenopausal patients with exercises; only one single
study demonstrated an increase in bone density in premeno-
pausal patients with this approach [54, 55].

Daily consumption of 1000 to 1200mg of calcium and at
least 800UI of vitamin D is recommended for all patients.
Measurement of serum vitamin D should be performed rou-
tinely, and replacement of higher doses should be indicated as
needed [50–52].

Dual-energy X-ray absorptiometry (DXA) is the most
widely used diagnostic test for bone loss. Based in bone min-
eral density (BMD) obtained, medications such as
bisphosphonates or denosumab are indicated. According to
the guidelines, patients using aromatase inhibitors and with a
T score ≤2 should receive treatment with those drugs. For
those patients using medications that lead to loss of bone mass
and that present two or more fracture risk factors (T score
≤1.5, > 65 years, BMI <20kg/m2, family history of hip frac-
ture, personal history of fracture, use of corticosteroids > 6
months, and smoking), the use of bone antiresorptive therapy
is also indicated [50–52].

Bisphosphonates act by inhibiting osteoclasts, leading to an
increase in BMD. Zoledronic acid is the most studied medi-
cation in this class, and in randomized studies, it has shown
improvement in BMD in patients with breast cancer using
endocrine therapy [56, 57]. A meta-analysis of 13 randomized
clinical trials (RCTs) evaluated the use of zoledronic acid in

preventing bone loss after 12 months in patients with initial
breast cancer receiving adjuvant therapy. The most frequent
dose described was 4 mg every 6 months. Regardless of men-
opausal status, there was an improvement in BMD, being
statistically significant in premenopausal women in the lum-
bar spine (LS) and in postmenopausal women in the LS and
total hip [58]. In addition, in postmenopausal patients, the use
of zoledronic acid is associated with a reduced risk of bone
metastasis (28%) and a reduction of breast cancer mortality
(18%) as demonstrated in the EBCTCG meta-analysis [59].
Oral bisphosphonates can also be used in the prevention of
bone loss, as RCTs with risedronate, ibandronate, and
alendronate have already demonstrated a gain in BMD [50].
Table 2 shows the main RCTs available on the use of
bisphosphonates for breast cancer patients with a follow-up
of 5 years for outcomes.

Denosumab is a RANKL inhibitor and acts by preventing
its interaction with RANK, diminishing osteoclasts function.
In one RCT, denosumab 60mg subcutaneous twice per year
demonstrated a 50% reduction in risk of fracture in patients
with breast cancer using aromatase inhibitors, becoming a
treatment option in these patients [64]. Its use is not recom-
mended to reduce the risk of bone metastasis, since studies
such as D-CARE have not demonstrated a clinical benefit of
this medication [65].

Ongoing Clinical Trials

Personalized medicine and treatments based on individual pa-
tient characteristics will become the key points in making
therapeutic decisions in the future. Understanding the mecha-
nisms of action of medications used in endocrine therapy for
BC and how they interact with the genetic characteristics of
each patient is the subject of some studies [66, 67]. In a trial of
the SWOG/National Cancer Institute in the USA, genetic
polymorphisms in ESR1, TCL1A, and CYP191 are being
evaluated in a prospective cohort to analyze its correlation
with adherence to AI treatment in patients affected with
AIMSS (NCT01824836).

Table 2 RCTs with 5-year follow-up of bisphosphonates for prevention of bone loss in breast cancer patients using endocrine therapy

Trial Phase Medication Dose Main results

IBIS-II (post hoc) [60] III Risedronate vs placebo 35mg/wk for 5 yr Prevention of bone loss in LS, not TH

BONADIUV [61] II Ibandronate vs placebo 150mg monthly for 2 yr Improved BMD in TH and LS

ProBONE II [62] III Zoledronic acid vs placebo 4mg q3 mo for 2 yr Improved BMD in TH and FN, not LS

NO3CC (Alliance) [63] III Zoledronic acid upfront vs delayed 4mg q6 meses for 5 yr Immediate treatment prevents bone loss

Z-FAST [56] III Zoledronic acid upfront vs delayed 4mg q6 meses for 5 yr Increase BMD in LS e TH in upfront treatment

ZO-FAST [57] III Zoledronic acid upfront vs delayed 4mg q6 meses for 5 yr Immediate treatment increases BMD

RCTs randomized clinical trial, vs versus, wk week, yr years, mo months, BMD bone mineral density, LS lumbar spine, TH total hip, FN femoral neck
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New options for managing the side effects of endocrine
therapy are essential for patients to maintain adherence to
treatment and to not compromise its clinical results. To date,
most trials of nonpharmacological interventions have been
conducted in this field.

Acupuncture has shown conflicting results in the treatment
of some of the symptoms associated with endocrine therapy,
and therefore, it is not routinely indicated for these patients.
Two randomized studies are recruiting patients to evaluate
acupuncture for breast cancer patients: NCT04511832 is
studying the effectiveness of acupuncture versus nonsteroidal
anti-inflammatory drugs in the management of AIMSS, and
NCT03783546 compares acupuncture to usual care for hot
flashes.

Laser therapy for treating vaginal symptoms is another
point of controversy that needs to be better clarified in clinical
studies. In a safety communication in 2018, the US Food and
Drug Administration warned against use of energy-based de-
vices for treatment of vaginal and urinary symptoms, based on
the lack of robust evidence of benefits and risks of this therapy
[68]. Four randomized trials about efficacy of laser therapy are
being conducted for genitourinary syndrome of menopause in
breast cancer survivors; different kinds of laser will be tested:
3 trials with fractional CO2 and one with hybrid fractional
(NCT03647189). Two of the trials are analyzing laser against
placebo or sham therapy (NCT03738605, NCT03238053),
and one has 3 arms of comparison (laser, microablative radio-
frequency and intravaginal estriol) (NCT04081805).

Exercises are recommended for all BC patients treated with
endocrine therapy, although no clear evidence of improve-
ment in side effects of treatment has been proved yet. Two
new RCTs are evaluating benefit of exercises in AIMSS and
bone health (NCT04457895, NCT03953157).

Conclusion

Adequate management of adverse effects related to the use of
endocrine therapy in patients with BC is essential to maintain
adherence to treatment and to avoid serious events, such as
bone fractures. Since adjuvant endocrine treatment is a long-
term treatment in non-metastatic disease, maintaining pa-
tients’ quality of life should always be prioritized when indi-
cating a specific therapy.

New therapies have been studied to control hormone sup-
pression symptoms in postmenopausal patients without neo-
plasms. It is important that these treatments are validated in
clinical trial for patients with breast cancer undergoing endo-
crine therapy to ensure their safety and effectiveness. In addi-
tion, the mechanisms that generate these different adverse

events must be better understood biologically so that they
can be treated more effectively.
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