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ABSTRACT 

The mammalian purpose of rapamycin (mTOR) has been found to gather insights into their essential role in pathogenesis of breast 
cancer. hMany clinical trials have shown that the mTOR everolimus inhibitor can enhance patient results for several sub-types of 
breast cancer, including harmone receptor-positive, human-epidermal growth factor receptor-negative metastatic disease that has 
developed, followed by endocrine therapy. This analysis summarises the results of clinical studies that support the efficacy of 
everolimus in metastatic breast cancer, and discusses several new research directions for everolimus.  
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INTRODUCTION 

fter the discovery of the role of estrogens in this 
disease, our understanding of the molecular 
pathogenesis of breast cancer has changed 

exponentially. More understanding of the many subtypes 
of breast cancer in recent years has led to the discovery of 
several new therapeutic targets for each molecular 
pathogenesis. 

In both early and advanced-stage cases, nearly 75 percent 
of patients with breast cancer have HR-positive (hormone 
receptor) tumours. This sub-type of breast cancer initially 
has a high overall rate of response to hormonal therapies 
such as selective modulating oestrogen receptor (ER), 
selective ER down-regulators (e.g. fulvestrant) and 
aromatase inhibitors (e.g. anastrozole, letrozole and 
exemestane) inhibitors. However, endocrine therapy 
resistance grows finally. Furthermore, some tumours have 
de novo resistance to endocrine treatment. Both de novo 
and acquired resistance result in progression of the 
tumour; therefore, to control HR-positive breast cancer, 
overcoming such a resistance is necessary1, 2. 

EVEROLIMUS  

The everolimus mTOR inhibitor, a sirolimus (also referred 
by rapamycin), is a protein in the immunophiline family 
that is very similar to its intracellular receptor FKBP12. The 
everolimus-FKBP12 complex prevents mTOR from 
signalling downstream in cell cycle development, cell 
growth and proliferation. A Phase II study with a single-

agent daily or weekly everolimus therapy showed 
moderate clinical results, which range from 0 to12 percent, 
in patients with metastatic breast cancer3. However, in 
patients with metastatic breast cancer resistant to 
hormone therapies, everolimus has been tested in 
association with exemestane and patient findings have 
been confirmed, with approvals from the United States 
Food and Drug Administration (FDA) 4. In 2012, in the 
framework of their recommendations for treating HR 
positive metastatical breast cancer, the National 
Comprehensive Cancer Network Guidelines added the 
everolimus /exemestane combination5. The promising 
effects of everolimus plus exemestane therapy have 
shown that blocking a breast cancer escape route clinically 
improves hormone sensitivity6. 

 

Figure 1: Mechanism of Action of Everolimus 
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EVEROLIMUS IN HARMONE RECEPTOR POSITIVE DISEASE 

BOLERO-2 (Breast Cancer Trial of Oral Everolimus-2) 
study 

The FDA has approved the everolimus plus exestane 
combination to treat HR-positive, human-
epidermal growth factor receptor2 (HER2) after failure of 
treatment with letrozole or anastrozole based on the 
results of the Phase III BOLERO 2 randomised study7. The 
findings of the BOLERO-2 analysis demonstrated the 
substantial improvement in progression free survival (PFS) 
of everolimus plus exemestane over around 4 months. 
Median PFS for the everolimus plus exemestane group 
based on local assessment was 6.9 months versus 2.8 
months for the exemestane plus placebo group (hazard 
ratio, 0.43; 95% confidence interval [CI], 0.35–0.54; P < 
0.0001)8, 9, 10. Further review with the BOLERO-2, 18-month 
follow-up data, resulted in clear median PFS findings (local 
assessment 7.8 versus 3.2 months; hazard ratio 0.45; 95 
percent CI, 0.35 versus 0.54; P < 0.0001). The BOLERO-2 
study's revised findings, while showing no statistical 
substantial difference in overall survival ( OS), represented 
the most long-reported OS in post-nonsteroidal 
aromatase, with approximately 31 months of OS seen in 
Everolimus plus exemestane placebo.The BOLERO-2 
study's revised findings, while showing no statistical 
substantial difference in overall survival (OS), represented 
the most long-reported OS in post-nonsteroidal 
aromatase, with approximately 31 months of OS seen in 
Everolimus plus exemestane placebo. tEverolimust + 
exemestane is usually well tolerated, the most common 
adverse effects were stomatitis (59%), rash (39%), 
tiredness (37%) and diarrhoea (34%), nausea (31%) and 
reduced apetite (35%). The most common adverse effects 
were stomatitis (8%), anaemia (7%), dyspnea (5%), 
hyperglycemia (5%), and fatigue (3%). Non-infectious 
pneumonitis (which was a significant deterioration of 
respiratory function by ground glass – presence of ears or 
patches in the compute scans of tomography) were the 
less common yet life threatening adverse events. This 
toxicity was apparently mediated immunologically and its 
medication interruption and corticosteroids were often 
needed in the clinical management. BOLERO-2 results also 
revealed that more patients stopped their treatment with 
everolimus plus the exemestane arm (26% versus the 50%) 
due to adverse effects than with placebo plus the 
exemestane arm11. 

TAMRAD trial 

BOLERO-2 was a randomised PhaseII trial in HR-positive / 
HER2-negative metastatic breast cancer patients with 
previous exposures to aromatase inhibitors which 
investigated the everolimus + tamoxifene association 
compared with tamoxifen alone. The everolimus plus 
tamoxifen (n= 54) was allocated to patients randomly or 
tamoxifen alone (n=57). At a median follow-up rate of 22 
months, the clinical benefits rate was 61.1 percent in the 
everolimous plus tamoxifen arm compared with 42.1 
percent in the tamoxifen-alone arm (p = 0.045). The 

median time of development was 8.6 months compared 
with 4.5 months (P= 0.0026)12, 13. For patients who initially 
reacted to inhibitors of aromatases and then became 
resistant this strategy was promising, but those with 
primary hormone tolerance did not benefit from 
everolimus adding to tamoxifen. 

BRE-43 study 

Moreover, in patients with ER-positive metastatic breast 
cancer whose condition worsened or relapsed on an 
inhibctor of aromatase within 6 months of entry, a phase II 
singlearm experiment evaluated everolimus together with 
fulvestrant. The median progression period was 7.4 
months (95 % CI, 1, 9% – 12, 1%) and median OS was 24 
months (95 % CI, 18, 3%–28, 7), among 31 patients 
available for study. In the 8-week evaluation of radiological 
diseases, a third of the patients demonstrated de novo 
resistance to medication14, 15. 

EVEROLIMUS IN OTHER BREAST CANCER SUBTYPES 

HER2-positive tumors 

Up to 30% of breast cancers express the HER2 receptor and 
trigger signal pathways to be activated that promote cell 
proliferation and survival. In patients with HER2-positive 
breast cancer, HER2-targeted treatment has greatly 
improved outcomes. Like HR-positive breast cancer 
therapies, de novo as well as anti HER2 therapy resistance 
can be acquired. Trastuzumab resistance is due to aberrant 
PI3 K pathway activation of the monoclonal antibody used 
as a treatment for early stage HER2-pacific breast cancer16. 
This resistance can be linked to phosphatase and tensin 
homolog (PTEN) loss and dysregulation17. A large RNA 
interference test with 8,000 genes has only found PTEN 
suppression to be a mediator in HER2-overexpressing 
breast cancer cell trastuzumab resistance. A study and a 
combination of PTEN expression levels and therapeutic 
reactions in breast cancer patients undergoing post-
trastuzumab therapy in tumour samples showed that PTEN 
patients had substantially lower overall reactions than the 
PTEN-positive tumors18. Activation of the pathway for PI3 
K by PIK3CA mutations in patients with trastuzumab 
treated breast cancer was associated with shortened 
PFS. Increased sensitivity to PI3 K inhibitors was also 
demonstrated by trastuzumab resistant cells. The 
combination of rapamycin and trastuzumab had a 
synergistic effect on tumour regression in a preclinical 
mouse model with HER2-overexpressing breast cancer. In 
HER2-overexpressing models, everolimus regained the 
sensitivity of trastuzumab when paired with 
chemotherapy. Clinical studies have also centred on the 
use of everolimus to resolve resistance to treatments 
targeted at HER2-positive subtypes of breast cancer19, 20. 

Triple-negative tumors 

Triple negative breast cancer is usually at an advanced 
stage during the diagnosis and is characterised by a lack of 
HER2 and HR expression. The effectiveness of the 
combination therapy has been demonstrated by a phase II 
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analysis of everolimus and carboplatin in patients with 
triple negative metastatic breast cancer, with a clinical 
benefit rate of 36% and a median PFS of 3 months. 
Decreasing the carboplatin dose decreased 
haematological toxicity while retaining clinical responses 
in these patients. The reaction of adding everolimus to 
normal neo-adjuvant chemotherapy was tested in a newly 
completed phase II test in patients with triple-negative 
breast cancer. The combination of 5-fluro-uracil, epirubicin 
and cyclophosphamide was given to patients every 3 
weeks during four cycles for 12 weeks. There was no major 
difference in the response rate of 12-week groups (47.8% 
versus 29.6%; P = 0.075) and pathological total reaction 
(30.4% versus 25.9%; P = 0.76)21. 

BOLERO-4 study 

In the first-line postmenopausal women with HR-positive 
metastatic HER2-negative breast cancer, BOLERO-4 is an 
open-label phase II, multiple centre analysis with 
everolimus plus letrozole. BOLERO-4 will also examine 
whether the everolimus+ letrozole combination is an 
appropriate, first-line treatment for metastatic breast 
cancer and whether its success will continue with the 
everolimus plus exemestane combination as soon as the 
disease progresses. BOLERO-4 will also determine whether 
an alcohol-free mouth steroid rinse will lead to improving 
the seriousness of oral stomatitis. The study's stomatitis 
portion will be done in the US only if an oral solution of 
dexamethasone free of alcohol 0.5 mg/5 mL is available22, 

23. 

Everolimus plus fulvestrant 

After development on aromatase inhibitor therapy, 
everolimus in combination with fulvestrant is examined in 
another ongoing phase II study in postmenopausal women 
with HR-positive metastatic HER2 cancer. Patients will be 
assigned 1:1 randomly for Everolimus or placebo and 
stratified to the Eastern Cooperative Oncology success 
community (0 vs. 1), observable disease against non-
measurable disease, and pretreatment vs. previous 
chemical therapy for metastatic disease. Every 12 
weeks, patients are tested for a total of 12 cycles for 
disease response. Patients without advanced disease signs 
remain unblinded and continue to be treated until 
worsening or undesirable toxicities arise following 
completion of 12-cycles24. 

Detect IV trial 

In the DETECT IV review, we will further improve our 
understanding of the effects and mechanisms of 
everolimus in the treatment of metastatic cancer of HR-
positive HER2. The prevalence and the number of 
circulating tumour cells (CTCs) during treatment at 
different time periods has been suggested as an important 
method to measure the effectiveness of therapy in 
metastatic breast cancer. For HR-positive, HER2 negative 
metastatic breast cancer patients, and exclusively HER2-
negative CTCs, DETECT IV is a prospective, multicenter, 
open-label, one-arm-phase-II study. This research aims 

first and foremost to predict, in conjunction with 
endocrine therapy as PFS, the clinical effectiveness of 
everolimus. A further analysis of CTC dynamics and 
characteristics provides a better knowledge of the 
predictive and prognostic value of CTCs in this context25. 

SWOG S1207 

Owing to the promising findings of everolimus for 
advanced breast cancer diagnosis, it will be a natural next 
step to research its possible effect on the treatment of HR-
positive, HER2-negative breast cancer using the 
medication to treat earlier stage disease. SWOG S1207 is a 
randomised Phase III study in several centres which 
investigates the impact of hormone therapy on patients 
with early stage breast cancer with or without everolimus. 
The aims of the study are to compare whether adding 
everolimus 1-year (10 mg / day) to standard endocrine-
adjuvant therapy enhance the invasive disease-free 
survival of HR-positive, HER2-negative non-metastatic 
breast cancer patients. Additionally, SWOG S1207 is 
comparing the probability of OS, remote recurrence-free 
survival, protection, and tolerability in this patient 
population by adding 1 year of everolimus to a standard 
adjuvant endocrine therapy26. 

Targeting subtypes 

Also explored the combination of everolimus with other 
standard chemotherapies used to treat other subtypes of 
breast cancer. One randsomised, double-blind, placebo-
controlled trial is an impact evaluation for women with 
HER2-negative metastatic breast cancer of the effect of 
adding everolimus to the combination of weekly paclitaxel 
+ bevacizumab. A patient with everolimus or placebo is 
assigned randomly to 1:1 paclitaxel plus bevacizumab. 
Every eight weeks before tumour development or 
irreversible toxicity occurs, patients are tested for 
response to treatment. Another research examins the 
combination of cisplatin, paclitaxel and everolimus as a 
neoadduvant for locally advanced threefold negative 
breast cancer. The primary aim of this study was to use the 
primary tumour as a de novo marker for exposure and 
responsiveness to combination therapy in pathologically 
complete surgical responsiveness27. An additional research 
explores the combination of vinorelbine / everolimus 
versus vinorelbine alone as a second-line therapy of HER2-
negative, locally advanced or metastatic breast cancer 
where the primary endpoint is PFS. 

CONCLUSION 

The quest for the best combination of therapies to treat 
HR-positive breast cancer patients and the regulation of 
endocrine resistance remains a challenge for both 
clinicians and researchers. ER biology is interconnected 
naturally to many cell signalling pathways with established 
cross-talk feedback loops and regulatory feedback loops. 
The route of PI3K / mTOR / AKT is a significant doorway to 
resistant types of HR-positive HER2-negative breast 
cancer. The clinical studies outlined in this paper show that 
mTOR inhibition, such as everolimus, can target resistant 
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breast cancer types and increases endocrine sensitivity. 
Continuous trials with everolimus in earlier stages of the 
disease in adjuvant and neo-adjuvant conditions will 
theoretically help even more patients (where there is 
greater likelihood of cure). 

Further pre-clinical research with human tumour samples 
and pharmacodynamic tissue-based experiments would 
need to be conducted to better understand the role of 
mTOR blockage and the associated modifications in other 
relevant routes. It is extremely important that we keep on 
enrolling patients in clinical trials to enhance our 
understanding and approaches to endocrine-resistant 
cancer. 
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