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Approximately 75% of breast cancer (BC) is associated with luminal differentiation expressing endocrine receptors

(ER). For ER+ human epidermal growth factor receptor 2 (HER2)− tumors, adjuvant endocrine therapy (ET) is the

cornerstone treatment. Although relapse events steadily continue, the ET benefits translate to dramatically

lengthen life expectancy with bearable side-effects.

HER2-negative  endocrine therapy  breast cancer  Adjuvant treatment

1. Background

Among females, breast cancer (BC) is the fifth leading cause of cancer-related death worldwide, contributing to

almost 12% of all cancer cases . Approximately 75% of BC is associated with luminal differentiation expressing

endocrine receptors (ER) . Harboring ER expression is a predictive factor for endocrine therapy (ET) response

and has a promising survival outcome with a dramatic risk reduction in local and distant metastases . In

contrast, this group typically demonstrates an insufficient chemotherapy response . To ascertain for which

patients the magnitude of the adjuvant chemotherapy effect will not be suitable, genomic expression assays help to

predict the risk of cancer recurrence and identify those for which ET alone is advantageous . ET is distinctly

efficacious among the luminal tumors. Regardless of the following factors that affect the ET response, including the

level of ER positivity and tumor-infiltrating lymphocyte, cancer morphology, or germline mutation carriage, they are

frequently treated as a singular entity . Interestingly, even within the highly ER positive group, BRCA2

carriers are predictive of poor ET effectiveness . Similarly, a diverse response to ET is seen between the pure

ductal and lobular carcinomas versus mixed or hybrid histology .

Approximately one out of six women with ER+ and human epidermal growth factor receptor 2 (HER2) negative,

with a malignant affected lymph node (LN), will have disease relapse reflecting the high association between LN

status and the rates of BC recurrence and mortality . This is compounded by the importance of adequate

treatment adherence, as compliance is highly correlated with better outcomes .

There are four BC subtypes: ER+ HER2−, ER+ HER2+, ER− HER2+, and triple negative breast cancer,

characterized by ER− HER2− .

2. Endocrine Status and Adjuvant Endocrine Therapy
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Immunohistochemistry (IHC) is an essential assay to determine the expression of endocrine subtype profiling .

For treatment-making decisions, the challenge lies around determining the ER expression cut off at which patients

will benefit from ET. In ER-low positive tumors (1–10% of IHC+) which comprise up to 3% of BC patients, ET is not

advantageous . This is attributed to the heterogeneity of the tumor pathogenesis being more similar to the

basal-like, rather than the luminal phenotype . With respect to the progesterone receptor (PR) status, for tumors

that are ER+, the PR is not predictive of ET efficacy .

The role of adjuvant ET is to eradicate potential undetected micrometastatic ER-enriched tumor cells. Evaluating

factors such as patient preference, menopausal status, and medical history, as well as pathological tumor features,

are decisive to guiding treating physicians towards the breadth of ET selection for each individual case .

Determining the risk category helps determine the treatment duration .

3. Menopausal Status

Premenopausal women contribute to approximately one third of all BC cases . In this population, the main

ovarian hormone secreted is 17β-estradiol . In the microenvironment of the breast epithelium and mammary

gland, endogenous hormone signaling is mediated by estrogen and progesterone receptors. Through DNA

transcription factors, the physiological sex steroidal activity can stimulate stem cells to an eventual development of

endocrine enhanced tumors .

Within the SERM class, Tamoxifen was a pioneer for ET in BC, and data around its use extends over four decades

. Numerous other SERMs have been studied, such as Raloxifene, Toremifene, and Endoxifen, but to date, the

benefit of Tamoxifen remains unsurpassed within this class of medications . By competitive mechanisms of

binding to ERs, Tamoxifen can drive contrasting endogenous activity depending on the targeted cell. Its inhibitory

effect on estrogen-regulated pathways leads to suppression of mammary tumor angiogenesis. In addition, as an

estrogen agonist, Tamoxifen has a cardioprotective effect, but conversely has an increased risk of venous

thromboembolism as well as hyperplasia or tumorigenesis in the endometrium .

Regardless of the menopausal status, Tamoxifen is a suitable adjuvant therapy, and continues as the main ET

option for premenopausal women with ER+ BC (Figure 1) . Five years of Tamoxifen therapy can reduce the

risk of recurrence by approximately 40% and decrease mortality by a third when compared with no ET, with a

carryover benefit extending beyond ten years .
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Figure 1. Adjuvant endocrine therapy for premenopausal women with ER+ HER2− breast cancer.

In postmenopausal women, the main source of estrogen comes from extragonadal tissues and is mediated by

aromatase, a crucial enzyme responsible for a cascade of steroid synthesis and regulation. The AIs substantially

reduce the circulating estrogen within plasma levels by suppressing its conversion from androgens, predominantly

in adipose tissues. Hence, it leads to vasomotor symptoms such as hot flashes and vaginal dryness, as well as

arthralgia, lipid metabolism dysregulation and bone mineral loss .

Five years of adjuvant treatment with AI in postmenopausal women has a similar efficacy and safety profile among

Anastrozole, Letrozole and Exemestane . When compared with Tamoxifen, the AIs have shown to be
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superior in postmenopausal patients, reducing the risk of mortality by approximately 15% and distant and local

recurrence by 14% and 26%, respectively, at ten years (Figure 2) .

Figure 2. Adjuvant endocrine therapy for postmenopausal women with ER+ HER2− breast cancer.

4. Ovarian Function Suppressors (OFS)

Definitive and effective transitory methods can be employed to decrease the production of sex hormones to

postmenopausal range values. The first consists of a bilateral oophorectomy or directed radiation to the ovaries 

. The second is through a transient drug effect induced by OFS such as the luteinizing hormone (LH)-releasing

hormone (LHRH) analogs . As an initial effect of chemical castration, the serum estradiol and progesterone

levels are increased. Its regular administration promotes downstream inhibitory cascades in the hypothalamic–

pituitary axis to the gonadotropic hormones, decreasing the secretion of the follicle stimulating hormone (FSH) and

LH, hence suppressing the gonadal estrogen levels .

A high-certainty evidence-based systematic review which included studies such as SOFT and TEXT, comprised

more than eleven thousand premenopausal patients. Thereby, it demonstrated that regardless of the ET of choice

for premenopausal BC, the addition of OFS agents, administered monthly to adjuvant ET, reduced the risk of

mortality by 14%, as well as disease-free survival (DFS) and contralateral BC by 17% and 25%, respectively, when

compared with ET alone. While the adjunct administration of OFS between one and three years resulted in a
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mortality reduction, its prolonged use for over three years enhanced the DFS endpoint. However, there is

insufficient randomized data evidence around OFS in the extended adjuvant setting beyond five years. In patients

who did not receive chemotherapy, combining OFS to ET did not improve survival or decrease recurrence rates

. Considering previous exposure to chemotherapy as an acceptable surrogate from which an overall risk

assessment demonstrates a higher risk for cancer recurrence, this suggests that only a select group of patients

may benefit from OFS in the adjuvant setting. This inference is reinforced by the pathologic feature of LN

involvement being a predictive factor for a superior efficacy of the ET with OFS, significantly improving OS and

DFS outcomes (Figure 1) .

5. Extended Endocrine Therapy (EET)

There is a wide range of variation regarding survival endpoint achievement in RCTs with EET beyond the standard

five year duration . However, the consensus is that EET should be dedicated to patients harboring

pathologically high long-term risks for a total duration of no longer than ten years .

The ATLAS study revealed that continuing Tamoxifen to ten years, versus concluding at five years, notably extends

OS and DFS, with an absolute risk reduction for BC recurrence and mortality by 3.7% and 2.8%, at five years after

the extended therapy was completed . Nevertheless, it elevates the absolute cumulative risk to develop

endometrial cancer by 1.7% . Irrespective of whether the initial five years on ET used Tamoxifen, AI, or both

(sequential switching therapy), EET with AI for an additional two to five years improves the risk of DFS by

approximately 23% in high-risk postmenopausal women. Unfortunately, compilations of RCTs in a high-level

evidence systematic review and meta-analysis did not demonstrate OS with an extended duration of AI therapy .

On the contrary, its prolonged exposure significantly increases musculoskeletal pain and increases the risk for

cardiovascular events, fractures, and osteoporosis .

6. Genomic Expression Assays (GEAs)

Through evaluation of tumor biology using reference molecular drivers of cancer-related genes, GEAs generate

prognostic information to estimate recurrence rates in the ER+ HER2- early BC . Producing a grading risk

score, GEAs identify those for whom adjuvant chemotherapy is not advantageous. Albeit, for those in whom the

magnitude of effect of chemotherapy is not substantial, ET has a paramount role .

There is paucity of evidence that genomic profiling can determine adjuvant ET duration . However, emerging

studies have started to portray support in this area. Among the GEAs, the Breast Cancer Index (BCI) appraises the

ratio of estrogen signaling and tumor proliferation, and thereby predicts ET efficacy . Regardless of whether

the ET class administered in the EET setting is the same as the primary adjuvant therapy, BCI has demonstrated to

be a prognostic and predictive tool suitable for identifying patients in whom EET is beneficial . The Clinical

Treatment Score post-5 years (CTS5) is an online algorithm-based predictor tool that uses clinical and pathological

features to calculate the ratio for late distant BC relapse after five years of adjuvant ET completion .
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7. Adjuvant CDK4/6 Inhibitors and Endocrine Therapy

Critical measures to advance novel therapies are necessary for improving treatment outcomes in the high-risk

groups. The successful results of CDK4/6 inhibitors in advanced BC patients prompted the emergence of new

studies extending this drug class to non-metastatic scenarios . The Pallas and Penelope-B trials

combined Palbociclib with ET in adjuvant and neoadjuvant BC populations, respectively. While the first study

investigated Palbociclib for two years, the latter planned its administration for one year only. Markedly, both studies

failed to demonstrate their survival- and efficacy-related endpoints of adding Palbociclib to ET .

Meanwhile, the MonarchE trial, combining ET with two years of Abemaciclib in the postoperative setting in patients

with adverse pathological LN+ presentation, decreased the risk of local–regional and distant recurrence by at least

25% when compared with ET alone . Regardless of the index Ki-67, the absolute benefit of adding Abemaciclib

to improving the risk of BC relapse reached 5.4% at 3 years . As a response to these outstanding results, the

ASCO guideline optimized recommendation of Abemaciclib plus ET to patients categorized within the high-risk

group (Figure 1 and Figure 2) . Notably, independent of the menopausal status, either Tamoxifen or AI plus or

minus OFS (if applicable) were used in the MonarchE study .

8. Bone-Modifying Agents (BMAs)

Bisphosphonates act by inhibiting osteoclasts by way of apoptosis, and thereby decrease bone resorption and

increase mineralization . Independent of the ER and HER2 status, the usage of bisphosphonates improves

OS and DFS, and lower rates of bone metastasis in adjuvant breast cancer . These effects are restricted to

postmenopausal women and a higher magnitude of treatment effects may be encountered in those with an

elevated risk for BC recurrence . In this group, the time-to-event outcome showed a reduction in risk of mortality

by 23% and disease recurrence by 18% when compared with no BMAs. Nevertheless, employing adjuvant

bisphosphonates has a protective factor by reducing the risk of bone fracture events by more than 25%.

Cancer Care Ontario, in conjunction with ASCO, recommend one of following bisphosphonate agents: oral

clodronate, oral ibandronate, or intravenous zoledronic acid (Figure 1 and Figure 2). An early start, within two-to-

three months from the end of adjuvant chemotherapy or curative-intent surgery, leads to better BMAs efficacy .

Its usage is not exempt from side effects, such as bone pain, fatigue, potential rare episodes of hypocalcaemia,

and osteonecrosis of the jaw, and should be disclosed to patients . The latter encompasses 0.7% of cases

and it has an increased likelihood with invasive dental surgical procedures .

9. Conclusions

Breast tumors associated with luminal differentiation ER+ HER2−, comprise the largest subgroup of female BC. In

the adjuvant setting, its cornerstone treatment relies on ET, and its benefits translate dramatically to lengthen life

expectancy with bearable side-effects. Nonetheless, relapse events steadily continue beyond the time of treatment

completion, regardless of ET duration . Tailoring the breadth of endocrine therapies hinges on a wide array of
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factors to be appraised by the prescribing physician, such as the patient’s menopausal status and the pathological

tumor landscape. Classifying the risk category for the BC assists in deciding the treatment route and its optimal

duration. In a select group of patients, GEAs predict those for whom chemotherapy is not beneficial and thereby for

whom ET is the preferred choice. A meticulous disclosure of each suitable ET helps clinicians and patients to

choose the appropriate therapy for each individualized case, outweighing its benefit and conceivable harm.

Additionally, emphasizing an adequate treatment adherence is a crucial factor in contributing to satisfactory

outcomes.

Furthermore, elderly patients are commonly underrepresented in randomized controlled studies. Hence, a thorough

collection of medical history and special attention is required with respect to potential detrimental drug interaction in

this population, and any added medicine should be cautiously selected.
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