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La via del segnale PI3K/AKT/mTOR

Inibitori di mTOR nel carcinoma mammario



The PI3K/AKT/mTOR pathway

Bjornisti Ma et al., Nat Rev Cancer 2004. Wullshleger S et al., Cell 2006. Johnston SR et al., Clin Cancer Res 2005.



. . . in breast cancer

The PI3K/AKT/mTOR pathway is frequently activated in brest cancer due to:

• overexpression/mutation of RTK (ie, increased HER2-mediated signaling)

• mutational inactivation or loss of PTEN protein

• activating mutation or amplification of PIK3CA

• AKT activation

Liu P et al., Nat Rev Drug Discover 2009.

Baselga J., Oncologist 2011.

Stemke-Hale K eta l., Cancer Res 2008.



Crosstalk between mTOR signaling and 
signal transduction pathways

In breast cancer, the PI3K/AKT/mTOR pathway modulates responses to signals communicated

through the ER and HER family of receptor (ie, HER2).
Kurokawa H et al., Cancer Res 2000.

Stoica GE et al., Mol Endocrinol 2003.



Crosstalk between ER and mTOR signaling (1) 

• mTORC1 activates ER in a ligand-

independent manner.

A substrate of mTORC1, called S6 kinase 1,

phosphorylates the activation function domain 1 of

the ER, which is responsible for ligand-

independent receptor activation.

• Estradiol suppresses apoptosis induced

by PI3K/mTOR blockage.

Yamnik RL et al., J Biol Chem 2009.

Yamnik RL et al., FEBS Lett 2010.



Crosstalk between ER and mTOR signaling (2) 

• The PI3K/AKT/mTOR pathway is

important in the clinical sensitivity

of breast cancer to endocrine

therapy  hyperactivation of this

signaling has been associated

with anti-estrogen resistance in

ER+ breast cancer.

• mTOR is a rational target to

enhance the efficacy of

hormonal therapy.

Perez-Tenorio G et al., Br J Cancer 2002.

Miller TW et al., J Clin Invest 2010.

Tokunaga E et al., Eur J Cancer 2006.

Possible mechanism for endocrine resistance in Akt-activated

breast cancer cell.





Preclinical data 

Breast cancer cells with upregulated AKT signaling are resistant to 

hormonal therapy, but sensitivity may be restored by treatment with 

everolimus or other mTOR inhibitor.  

Clin Cancer Res 2004.

Ann Oncol 2007.

Targeted Oncol 2007.



In preclinical models, the 

use of everolimus in 

combination with AI results

in synergistic inhibition

of the proliferation and 

induction of apoptosis.

Boulay A et al., Clin Cancer Res 2005.



Results:

 Higher clinical response rate (primary endpoint) (68% vs 59%; p=0.062)

 Greater decrease in Ki67 proliferation index (57% vs 30%; p<0.01)

Baselga J et al., JCO 2009.



mTOR inhibitors in metastatic breast cancer

Lee et al., Cancer Biol Med 2015.



TAMRAD

Bachelot T et al., JCO 2012.



Bachelot T et al., JCO 2012.

Clinical benefit rate (CBR): 
primary endpoint



Secondary endpoints

TTP OS

Bachelot T et al., JCO 2012.



Who to select for everolimus? 

Bachelot T et al., JCO 2012.



Bachelot T et al., JCO 2012.



BOLERO-2

Baselga J T et al., NEJM 2012.



Baselga J T et al., NEJM 2012.

PFS: primary endpoint





Subanalyses

No evidence of clinical

subgroups that derive relatively

more or less benefit.   

Campone M et al., Eur J Cancer 2013.



Secondary endpoints

Baselga J T et al., NEJM 2012.



Piccart M et al., Ann Oncol 2014.



Jerusalem G M et al., Ann Oncol 2016.



Hortobagyi G et al., JCO 2016.

This exploratory analysis suggests that the efficacy of everolimus was independent of the commonly

altered genes or pathways: PFS benefit was maintained regardless of alteration status of PIK3CA

mutations (A) or PI3K pathway status (B).



Wolff AC et al., JCO 2013.

HORIZON



Wolff AC et al., JCO 2013.



Wolff AC et al., JCO 2013.

An exploratory analysis: PFS by patient’s age

≤ 65 years > 65 years



mTOR inhibitors in metastatic breast cancer

Lee et al., Cancer Biol Med 2015.



Andrè F et al., Lancet Oncol 2014.

BOLERO-3



Andrè F et al., Lancet Oncol 2014.

PFS: primary endpoint



Exploratory analysis of PFS 

The analysis suggest that the addition of everolimus may be most beneficial in patients with

low PTEN or high pS6 levels.

Andrè F et al., Lancet Oncol 2014.



The clinical benefit should be considered in the context of higher incidence of adverse events

(serious AEs were reported in 42% of patients in the everolimus versus 20% in the placebo group).

Andrè F et al., Lancet Oncol 2014.



BOLERO-1/TRIO-019 

Hurvitz SA et al., Lancet Oncol 2015.



PFS (full analysis set) PFS (HR-negative sub-population)

Hurvitz SA et al., Lancet Oncol 2015.

PFS: primary endpoint

14.9 vs 14.5 months

HR 0.89; p=0.1166

20.3 vs 13.1 months

HR 0.66; p=0.0049





Andrè F et al., JCO 2016.

The combined exploratory analysis suggests that patients with HER2-positive advanced breast cancer

having tumors with PIK3CA mutations (A), PTEN loss (B) or hyperactive PI3K pathway (C) could

derive benefit from everolimus.



News from ESMO 2016… 

BOLERO-4



PFS in the first line: primary endpoint



CONCLUSIONS: 

• mTOR inhibition is feasible in clinical with current drug.

• Consistent efficacy of everolimus and exemestane combination  approved strategy

for post-menopausal patients with ER+/HER2- metastatic breast cancer having

progressed on NSAI.

• Identification and validation of molecular predictive biomarkers are needed to improve

and predict the clinical efficacy of treatment in patients with breast cancer.

• The PI3K/AKT/mTOR pathway involves a complex network of interactions with many

parallel cascades, so its inhibition releases negative feedback resulting in activation of

compensatory signalling pathways, including PTEN loss.

• In addition, given the heterogeneous genomic architecture of breast cancer, there

are often multiple drivers in different pathways, such that PI3K/AKT may not be the

dominant regulator of mTOR in some cells.







IN THE FUTURE…. 
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