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FEATUREENDOCRINOLOGY AT THE CENTRE OF EVERYTHING

Breast cancer cells. Bruce Wetzel and Harry Schaefer, National Cancer Institute, 
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is associated with reduced expression of  key regulators of  ER action and 
the development of  resistance.6 Etinostat, a histone deacetylase inhibitor 
that acts by reversing epigenetic transcriptional silencing, has been granted 
breakthrough therapy designation by the US Food and Drug Administration 
(FDA) in combination with the AI exemestane, based on promising phase II 
results from the Encore 301 study.7

Targeting signalling pathways
The upregulation of  alternative proliferative signalling pathways provides 
another mechanism of  endocrine resistance.8 The two main pathways 
currently gaining clinical attention are the PI3K/Akt/mTor pathway and 
the cyclin dependent kinase (CDK)/cyclin axis.

The PI3K pathway is activated by multiple stimuli and transduces growth and 
survival signals. Hyperactivation of  this pathway is common in endocrine-
resistant breast cancer,9 and can result from epigenetic dysregulation of  the 
pathway, aberrant activation of  upstream signalling factors or activating 
mutation of  key pathway components. Several PI3K pathway-targeting 
drugs are currently in phase III clinical trials, and the mTOR inhibitor 
everolimus has been approved by the FDA in combination with exemestane 
for patients that have progressed on prior AI therapy. The pivotal phase III 
BOLERO 2 trial demonstrated an improvement in median progression-free 
survival (PFS) from 3.2 months (exemestane) to 7.8 months (exemestane plus 
everolimus).10

Cyclin D transcription is a key ER proliferative target which controls cell 
cycle progression from G1 to S phase via activation of  CDK4/6. ER-
independent expression and stabilisation of  cyclin D is linked to acquisition 
of  endocrine resistance, and blocking the action of  CDK4/6 can resensitise 
endocrine-resistant cancer cells to endocrine therapy. The CDK4/6 inhibitor 
palbociclib has recently been approved for use in metastatic breast cancer in 
combination with an AI by the FDA.

The phase III PALOMA 3 study in patients who progressed on prior  
AI therapy demonstrated an improvement in median PFS from 3.8  
months (fulvestrant) to 9.2 months (fulvestrant plus palbociclib).11 In the  
first-line metastatic setting, the phase III PALOMA 2 trial reported an 
increase of  median PFS from 14.5 months (AI letrozole) to 24.8 months 
(letrozole plus palbociclib),12 which is the longest duration of  any therapeutic 
strategy in metastatic ER-positive breast cancer to date. This combination 
strategy was effective in patients with cfDNA that were either ESR1 wild type 
or mutant.5

LOOKING TO THE FUTURE
Combination therapeutic strategies with an endocrine backbone that have 
significantly improved outcomes in the metastatic setting are now being 
employed in the adjuvant setting, particularly in patients with higher risk 
disease. 

In this cancer subtype, the ER is the driver of  cell growth and is the  
target for systemic endocrine treatment in both adjuvant and metastatic 
settings.1 Inhibition of  ER signalling may be achieved by the following  
means:
• removal of  the circulating ligand by blocking oestradiol biosynthesis with 

aromatase inhibitors (AIs) and luteinising hormone-releasing hormone 
(LHRH) agonists

• inactivation of  ERs by antagonising oestrogen binding using selective 
ER modulators (SERMs), such as tamoxifen

• down-regulation of  ERs using selective ER degraders (SERDs), such as 
fulvestrant.

Five years of  adjuvant endocrine therapy reduces the relative breast cancer 
recurrence and mortality rates by about 50 and 33% respectively, and has 
a prolonged carry-over effect on mortality throughout the first 15 years.2 
However, HR-positive breast cancers have a long natural history, and 
approximately equal proportions of  patients with early stage breast cancer 
treated with 5 years of  tamoxifen will relapse between 0–5 and 5–14 years 
from diagnosis.2 

To reduce the incidence of  late recurrences, multiple trials have shown  
that disease-free survival benefits from extending adjuvant endocrine  
therapy to 10 years.1,3,4 Unfortunately, the absolute benefit of  extended 
therapy is small, and comes at the cost of  therapy-associated morbidity, 
including an increased risk of  uterine cancer and thromboembolic disease 
with tamoxifen, and osteoporosis and fractures with AIs. There is a clear 
need for better adjuvant strategies than merely extending the duration of  
endocrine therapy.

TACKLING THE PROBLEM OF RESISTANCE
Endocrine therapies target either the ligand or the transcription factor, 
and resistance to these therapies can be acquired by dispensing with ligand 
dependence or with reliance on ER-driven transcription. 

Genetic approaches
Activating mutations of  the ESR1 gene (which encodes ER) can confer ligand 
independence and have been reported in cell-free DNA (cfDNA) of  39% 
patients with metastatic, endocrine-resistant disease.5 The presence of  ESR1 
mutations is associated with poorer outcomes and resistance to further AI 
therapy.5 However, tumours harbouring ESR1 mutations are relatively more 
sensitive to alternative endocrine therapies such as SERDs, which degrade 
the ER protein, rather than the oestrogen/ER interaction.

ER signalling is regulated epigenetically, and it has recently been shown that 
epigenetic methylation (switching off) of  ER responsive enhancer elements 
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ENDOCRINE THERAPY  
FOR BREAST CANCER: 
A RENAISSANCE  

‘The therapeutic repertoire in the 
management of our patients has never 
been as diverse as it is today.’

Endocrine therapy for hormone receptor (HR)-positive breast cancer has been an incredible success 
story, drastically reducing the rate of disease recurrence. Around 70% of breast cancers are HR-positive 
and express the oestrogen receptor (ER), a ligand-dependant transcription factor that transduces 
oestrogen signalling to pro-survival transcriptional programmes.
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In summary, there is a renaissance in the treatment of  ER-positive breast 
cancer. The therapeutic repertoire in the management of  our patients has 
never been as diverse as it is today.
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Garvan Institute of Medical Research and St Vincent’s Hospital, 
Darlinghurst and University of New South Wales, Sydney, NSW, 
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Bone modifying agents such as bisphosphonates were initially used to  
reduce osteoporosis and fractures in AI-treated patients and patients with 
bone metastases. They have now also been shown to reduce recurrence 
rates of  breast cancer in the adjuvant setting, but only in post-menopausal 
women.13 

On the horizon are new and more effective SERDs. These can be 
administered orally, and have been shown to have greater preclinical activity 
compared with fulvestrant, including in ESR1 mutant models.14 

Finally, there is increasing evidence of  interplay between sex steroid receptors, 
including the ER and androgen and progesterone receptors (AR and PR).15 
Therapeutic strategies that modulate ARs and PRs are being evaluated in 
ER-positive breast cancer. 
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GCs have an impact on other regulatory systems, however, in addition to 
those dealing with ‘stress’ – such as the mesolimbic dopaminergic reward 
system. Rewarding experiences such as feeding, social defeat and consensual 
sex also trigger GC release.4 It is thus essential that, if  titres of  GCs are to be 
used to evaluate ‘stress’ and inform welfare decisions in animals, additional 
measures should be used to correctly interpret GC levels. One quantitative 
tool, empirically validated as a reliable measurement of  ‘stress’, is behaviour 
measurement.

PAIRING ENDOCRINOLOGY WITH BEHAVIOUR
At the simple end of  the spectrum, high levels of  GCs co-existing with 
certain behavioural traits or frequencies that deviate from those observed 
in the wild population, such as stereotypic pacing in polar bears (Ursus 
maritimus), are taken to imply that an animal is ‘stressed’ and potentially 
experiencing poor welfare.5

These types of  data can inform management decisions. Environmental 
correlates of  high GCs and stereotypic pacing in polar bears, such as exhibit 
size, can be modified to improve welfare. This effective pairing of  endocrine 
and behavioural parameters has led to the development of  behavioural 
stress scores (BSSs). These are defined as a set of  behaviours, each with an 
identified sliding scale assumed to indicate varying degrees of  ‘stress’.

In their best form, BSSs are underpinned and validated by established 
physiological indicators of  ‘stress’, such as GC titres. For example, our 
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ENDOCRINOLOGY AND BEHAVIOUR: 
A STRESS-FREE APPROACH TO 
IMPROVING ANIMAL WELFARE  

‘HAPPY’ ANIMALS MAKE BETTER SCIENTIFIC 
SUBJECTS
Since the Animal (Scientific Procedures) Act 1986 was implemented in the 
UK, there has been a plethora of  research combining endocrine titres with 
behavioural measures to address applied questions in the field of  animal 
welfare science. The goal of  these studies has been to measure and optimise 
animal welfare.

One eloquent example is the reduced welfare observed in collared peccaries 
(Pecari tajacu), as indicated by high glucocorticoid (GC) levels and negative 
judgment bias in behavioural tests. The latter is associated with space 
restriction, but alleviated by the provision of  enrichment.1

Good animal welfare is essential not only from an ethical standpoint but 
also to ensure valid scientific outcomes. Animals with good welfare produce 
more reliable, biologically valid, robust, repeatable scientific data when 
compared with their counterparts with poorer welfare. ‘Happy’ animals live 
longer, can be used repeatedly and need replacing less often. This leads to 
a ‘reduction’ in animal use and satisfaction of  one of  the 3Rs (the guiding 
principles for the use of  animals in research).2

THE ‘STRESS’ RESPONSE
Exposure to a physical or psychological ‘stressor’ causes a cascade of  
physiological reactions that enable an animal to cope via a dynamic process 
of  change termed allostasis. There is no uniformly accepted definition of  
‘stress’, but here I define ‘stress’ as a ‘real or perceived threat to homeostasis’ 
with the caveats of  uncontrollability and/or unpredictability.3,4 

A primary physiological response to a ‘stressor’ is activation of  the 
hypothalamic-pituitary-adrenal (HPA) axis and concomitant release of  
GCs. In the short term, GCs trigger adaptive responses that enable the body 
to cope with the ‘stressor’, such as mobilising energy stores.

Chronic stress and GC exposure are, however, extremely damaging. The 
latter causes, for example, suppressed reproductive and immune function, 
diminished cognitive ability, impaired tissue repair and compromised 
neuronal development in the brain, particularly in the pre-frontal cortex. 

‘Animals with good welfare produce 
more reliable, biologically valid, robust, 
repeatable scientific data when compared 
with their counterparts with poorer 
welfare.’
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