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PI3K/Akt/mTOR and endocrine pathways 

One	
  	
  of	
  the	
  mechanisms	
  of	
  endocrine	
  resistance	
  is	
  aberrant	
  signaling	
  of	
  PI3KCA-­‐Akt-­‐
mTOR	
  pathway.	
  There	
  is	
  a	
  close	
  interac=on	
  between	
  mTOR	
  pathway	
  and	
  ER.	
  	
  The	
  kinase	
  S6,	
  a	
  substrate	
  of	
  mTOR,	
  	
  
phosphoyilates	
  the	
  ac=va=on	
  func=on	
  domain	
  1	
  of	
  	
  ER,	
  which	
  is	
  responsable	
  for	
  ligand-­‐independent	
  receptor	
  ac=va=on.	
  
Everolimus	
  in	
  combina=on	
  with	
  letrozole	
  in	
  neoadjuvant	
  seLng	
  was	
  more	
  ac=ve	
  than	
  letrozole	
  alone	
  (Baselga	
  J	
  	
  et	
  al,	
  JCO	
  2009).	
  
Inhibi=on	
  of	
  mTOR	
  might	
  overcome	
  endocrine	
  resistance.	
  

Everolimus	
  
(mTORC1	
  inhibitor	
  throught	
  
allosteric	
  binding)	
  



BOLERO-­‐2	
  (Ph	
  III):	
  Everolimus	
  in	
  Advanced	
  BC	
  

5	
  

EVE	
  10	
  mg	
  daily	
  
+	
  

EXE	
  25	
  mg	
  daily	
  (n	
  =	
  485)	
  

Placebo	
  
+	
  

EXE	
  25	
  mg	
  daily	
  (n	
  =	
  239)	
  

R	
  

Endpoints	
  
•  Primary:	
  PFS	
  (local	
  assessment)	
  
•  Secondary:	
  OS,	
  ORR,	
  QOL,	
  safety,	
  bone	
  markers,	
  PK	
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Stra9fica9on:	
  Sensi=vity	
  to	
  prior	
  hormone	
  
therapy	
  and	
  presence	
  of	
  visceral	
  
metastases	
  

Abbrevia9ons:	
  BC,	
  breast	
  cancer;	
  ER+,	
  estrogen	
  receptor-­‐posi9ve;	
  EVE,	
  everolimus;	
  EXE,	
  exemestane;	
  ORR,	
  overall	
  response	
  rate;	
  OS,	
  overall	
  survival;	
  	
  
PFS,	
  progression-­‐free	
  survival;	
  Ph,	
  phase;	
  PK,	
  pharmacokine9cs;	
  QOL,	
  quality	
  of	
  life.	
  
Baselga	
  J,	
  et	
  al.	
  N	
  Engl	
  J	
  Med.	
  2012;366(6):520-­‐529.	
  

24 Countries, 196 sites 

N	
  =	
  724	
  
•  Postmenopausal	
  ER+,HER2-­‐	
  

•  Advanced	
  BC	
  (unresectable	
  LABC	
  or	
  
MBC)	
  	
  

•  NSAI	
  refractory	
  disease:	
  
	
  recurrence	
  during	
  or	
  within	
  12	
  mo	
  a[er	
  the	
  
	
  end	
  of	
  adjuvant	
  treatment	
  

or	
  	
  

progression	
  during	
  	
  or	
  within	
  1	
  mo	
  a[er	
  the	
  	
  

end	
  of	
  treatment	
  for	
  advanced	
  disease	
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24 Countries, 196 sites 

N	
  =	
  724	
  
•  Postmenopausal	
  ER+,HER2-­‐	
  

•  Advanced	
  BC	
  (unresectable	
  LABC	
  or	
  
MBC)	
  	
  

•  NSAI	
  refractory	
  disease:	
  
	
  recurrence	
  during	
  or	
  within	
  12	
  mo	
  a[er	
  the	
  
	
  end	
  of	
  adjuvant	
  treatment	
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progression	
  during	
  	
  or	
  within	
  1	
  mo	
  a[er	
  the	
  	
  

end	
  of	
  treatment	
  for	
  advanced	
  disease	
  

Median	
  age	
   62	
  years	
  

Race	
  
	
  	
  Caucasian	
  
	
  	
  	
  Asian	
  

	
  
75%	
  
20%	
  

Visceral	
  involvement	
   56%	
  

Bone	
  metastases	
   77%	
  

Key	
  baseline	
  characteris9cs	
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  Baselga	
  J,	
  et	
  al.	
  N	
  Engl	
  J	
  Med.	
  2012;366(6):520-­‐529	
  

Preplanned	
  interim	
  analysis	
  aher	
  359	
  PFS	
  events	
  

Both	
  analyses	
  crossed	
  the	
  prespecified	
  thresholds	
  for	
  significance	
  



PFS	
  benefits	
  were	
  
consistent	
  in	
  all	
  subgroups	
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Baselga	
  J	
  et	
  al.	
  NEJM	
  2012;366:520-­‐9	
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  efficacy:	
  	
  
PFS	
  at	
  a	
  median	
  follow-­‐up	
  of	
  18	
  months	
  

Addi=on	
  of	
  Everolimus	
  to	
  Exemestane	
  	
  more	
  than	
  doubled	
  median	
  PFS	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Piccart	
  M,	
  et	
  al.	
  ASCO	
  2012,	
  abstract	
  #559.	
  

EVE+EXE 
PBO+EXE 

Number of patients still at risk 
485 436 366 304 257 221 185 158 124 91 66 50 35 24 22 13 10 8 2 1 0 
239 190 132 96 67 50 39 30 21 15 10 8 5 3 1 1 1 0 0 0 0 

Log-rank P value: < .0001 
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Log-rank P value: < .0001 
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Number of patients still at risk 

Central	
  Assessment	
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BOLERO-­‐2	
  (18	
  mo	
  f/up):	
  Overall	
  Survival	
  Was	
  
Numerically	
  Befer	
  With	
  Everolimus	
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PFS	
  	
  
Interim1	
  

(7	
  mo	
  follow-­‐up)	
  

PFS	
  	
  
Update2	
  

(12	
  mo	
  follow-­‐up)	
  

PFS	
  
Final3	
  

(18	
  mo	
  update)	
  

Cut-­‐off	
  Date	
   11-­‐Feb-­‐2011	
   8-­‐Jul-­‐2011	
   15-­‐Dec-­‐2011	
  

OS	
  events	
  
(EVE	
  vs	
  PBO%)	
  

83	
  
(10.6	
  vs	
  13.0%)	
  

137	
  
(17.3	
  vs	
  22.7%)	
  

200	
  
(25.4	
  vs	
  32.2%)	
  

Δ	
  OS	
  events	
   2.4%	
   5.4%	
   6.8%	
  

Abbreviations: EVE, everolimus; mo, month; OS, overall survival; PBO, placebo; PFS, progression-free survival; vs, versus. 
1. Baselga J, et al. N Engl J Med. 2012;366(6):520-529. 
2. Hortobagyi G, et al. SABCS 2011; abstract S3-7 (oral). 
3. Piccart M, et al. ASCO 2012; abstract 559 (poster). 



BOLERO-­‐2	
  (18-­‐mo	
  f/up):	
  PFS	
  Benefits	
  Were	
  Comparable	
  In	
  Pa=ents	
  
With	
  (A)	
  Visceral	
  Metastases,	
  (B)	
  Without	
  Visceral	
  Metastases,	
  and	
  

(C)	
  With	
  Bone-­‐Only	
  Metastases	
  

Abbreviations: CI, confidence interval; EVE, everolimus; EXE, exemestane; HR, hazard ratio; PBO, placebo; PFS, progression-free survival.  
Piccart M, et al. SABCS 2012; poster P6-04-02; Campone M, et al. ESMO 2012; abstract 324PD (poster discussion) 
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Mets:	
  Polmonari,	
  epa=che,	
  
pleura,	
  riversamento	
  
pleurico,peritoneali,	
  ascite	
  

Mets:	
  osso,	
  linfonodi,	
  
derma	
  

Mets	
  ossee	
  



	
  

	
  
	
  
	
  

	
  
Pa=ents	
  with	
  brain	
  metastases,	
  	
  
bilateral	
  diffuse	
  lymphangi=c	
  	
  	
  
carcinomatosis	
  ,	
  pts	
  with	
  massive	
  
lung	
  (>50%)	
  or	
  liver	
  (>1/3)	
  
involvement	
  (i.e.	
  disease	
  burden	
  
that	
  may	
  cons=tute	
  a	
  visceral	
  crisis)	
  	
  
	
  
	
  
	
  

Pts	
  with	
  visceral	
  metastases	
  
Protocol amendament in 
FEB 2010 removed this 
exclusion criteria and 

appreciation of massive 
visceral involvment in the 

lung or liver was left to 
investigator discretion 

 
 56% (N=406) VISCERAL DISEASE (271 EVE+EXE; 135 PB0+EXE): 

 

Ø 45% LUNG 

Ø 51% LIVER 

Ø 13% BOTH  

Ø 84% 2+ SITES OF VISCERAL METASTASES 
 Campone	
  M,	
  et	
  al.	
  ESMO	
  2012,	
  abstract	
  324PD.,	
  Campone	
  et	
  al.	
  EJC	
  2013	
  	
  

KEY	
  EXCLUSION	
  CRITERIA	
  
	
  



BOLERO-­‐2:	
  Prior	
  Therapy	
  	
  
	
  

18.9%	
  :	
  first	
  line	
  therapy 

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Assessment_Report_-_Variation/human/001038/WC500130788.pdf 
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Campone	
  et	
  al,	
  Abstract	
  1.912_Presented	
  at	
  17th	
  ECCO	
  –	
  38th	
  ESMO	
  –	
  32nd	
  ESTRO	
  European	
  Cancer	
  
Congress,	
  Amsterdam,	
  27	
  September–1	
  October	
  2013	
  



Trafamento	
  in	
  1°	
  linea	
  metasta=ca:	
  Profilo	
  di	
  sicurezza	
  
sovrapponibile	
  a	
  quello	
  riscontrato	
  nella	
  popolazione	
  

totale	
  dello	
  studio	
  	
  

|	
  Presenta=on	
  Title	
  |	
  Presenter	
  Name	
  |	
  Date	
  |	
  Subject	
  |	
  Business	
  Use	
  Only	
  16	
  



BOLERO-­‐2	
  (18	
  mo	
  f/up):	
  Adding	
  Everolimus	
  to	
  
Exemestane	
  Maintained	
  QOL*	
  

17	
  

Abbrevia9ons:	
  EORTC,	
  QLQ-­‐C30	
  European	
  Organiza9on	
  for	
  Research	
  and	
  Treatment	
  of	
  Cancer	
  Core	
  Cancer	
  Quality	
  of	
  Life	
  Ques9onnaire;	
  	
  
MID,	
  minimal	
  important	
  difference;	
  QOL,	
  quality	
  of	
  life.	
  
*	
  QOL	
  evaluated	
  using	
  the	
  EORTC-­‐QLQ-­‐30	
  Global	
  Health	
  Scale	
  with	
  MID	
  =	
  5%.	
  
Beck	
  JT,	
  et	
  al.	
  ASCO	
  2012;	
  abstract	
  539	
  (poster).	
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BOLERO-­‐2	
  (18	
  mo	
  f/up):	
  Summary	
  	
  
•  Addi=on	
  of	
  everolimus	
  to	
  exemestane	
  prolongs	
  PFS	
  in	
  pa=ents	
  with	
  

ER+	
  HER2-­‐	
  breast	
  cancer	
  refractory	
  to	
  ini=al	
  nonsteroidal	
  aromatase	
  
inhibitors1	
  

–  Local	
  Assessment:	
  Median	
  7.8	
  vs	
  3.2	
  months	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
(HR	
  =	
  0.45,	
  P	
  <	
  .0001)	
  

–  Central	
  Assessment:	
  Median	
  11.0	
  vs	
  4.1	
  months	
  	
  
(HR	
  =	
  0.38,	
  P	
  <	
  .0001)	
  

–  Benefit	
  is	
  observed	
  in	
  all	
  subgroups	
  
•  Adverse	
  events	
  were	
  consistent	
  with	
  previous	
  experience	
  with	
  

everolimus1	
  

•  Time	
  to	
  deteriora=on	
  of	
  QOL	
  was	
  significantly	
  longer	
  with	
  the	
  
addi=on	
  of	
  everolimus	
  to	
  exemestane2	
  

18	
  

Abbreviations: ER+, estrogen receptor-positive; HER2-, human epidermal growth factor receptor 2-negative; HR, hazard ratio;  
PFS, progression-free survival; QOL, quality of life; vs, versus. 
1. Piccart M, et al. ASCO 2012; abstract 559 (poster); 2. Beck JT, et al. ASCO 2012; abstract 539 (poster). 
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PFS, progression-free survival; QOL, quality of life; vs, versus. 
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  oncogenes	
  and	
  tumor	
  suppressor	
  genes	
  were	
  analyzed	
  using	
  next	
  genera=on	
  sequencing	
  
(NGS)	
  on	
  227	
  samples	
  (“NGS	
  popula=on”).	
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Fibroblast	
  growth	
  factor	
  receptor	
  1	
  (FGFR1)	
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No	
  predic=ve	
  marker	
  of	
  EVE	
  efficacy	
  was	
  iden=fied	
  in	
  subgroups	
  defined	
  by	
  each	
  of	
  
the	
  4	
  most	
  frequently	
  altered	
  genes/pathways	
  when	
  assessed	
  individually	
  

EVE	
  benefit	
  was	
  present	
  in	
  the	
  various	
  
subgroups	
  	
  based	
  on	
  altered	
  single	
  
genes	
  and	
  pathways.	
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  A	
  greater	
  benefit	
  from	
  EVE	
  derived	
  in	
  pts	
  (76%	
  of	
  NGS	
  popula=on)	
  with	
  minimal	
  gene=c	
  
altera=ons	
  in	
  PI3KCA/PTEN/CCND1	
  or	
  FGFR1-­‐2	
  genes	
  combined.	
  



HR+/HER2-­‐	
  ABC:	
  BOLERO	
  2	
  

•  In	
  post-­‐menopausal	
  	
  HR+/HER2-­‐	
  ABC	
  pts	
  progressing	
  during/a[er	
  NSAIs,	
  
EVEROLIMUS	
  +	
  exemestane	
  resulted	
  on	
  significant	
  PFS	
  benefit	
  (BOLERO	
  2)1.	
  

•  In	
  retrospec=ve	
  biomarker	
  analysis	
  (BOLERO	
  2)2:	
  
	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  no	
  predic=ve	
  marker	
  of	
  EVE	
  efficacy	
  was	
  iden=fied	
  in	
  subgroups	
  defined	
  by	
  

each	
  of	
  the	
  4	
  most	
  frequently	
  altered	
  genes/pathways	
  when	
  assessed	
  
individually;	
  

	
  
	
  	
  	
  	
  	
  	
  	
  	
  -­‐	
  a	
  greater	
  benefit	
  from	
  EVE	
  derived	
  in	
  pts	
  (76%	
  of	
  NGS	
  popula=on)	
  with	
  

minimal	
  gene=c	
  altera=ons	
  in	
  PI3KCA/PTEN/CCND1	
  or	
  FGFR1-­‐2	
  genes	
  
combined.	
  

	
  
•  These	
  results	
  may	
  only	
  help	
  to	
  generate	
  new	
  hypotheses	
  for	
  combina9ons	
  

of	
  novel	
  targeted	
  therapies	
  for	
  HR+/HER2-­‐	
  BC.	
  

1.Baselga	
  J	
  et	
  al.	
  NEJM	
  2012;	
  2.Hortobagyj	
  G	
  et	
  al.	
  ASCO	
  2013	
  



TAMRAD	
  Protocol	
  

28	
  

Randomized	
  phase	
  2	
  trial	
  
Metasta9c	
  pa9ents	
  with	
  previous	
  exposure	
  to	
  AIs	
  
	
  
	
  
	
  
	
  
	
  
§  Stra9fica9on:	
  primary	
  or	
  secondary	
  hormone	
  resistance	
  

–  Primary:	
  relapse	
  during	
  adjuvant	
  AI	
  treatment;	
  progression	
  within	
  6	
  
months	
  of	
  star9ng	
  AI	
  treatment	
  in	
  metasta9c	
  se7ng	
  

–  Secondary:	
  late	
  relapse	
  (≥6	
  months)	
  or	
  previous	
  response	
  and	
  
subsequent	
  progression	
  to	
  metasta9c	
  AI	
  treatment	
  

§  No	
  crossover	
  planned	
  

AI,	
  aromatase	
  inhibitor;	
  RAD001,	
  everolimus.	
  

B:	
  Tamoxifen	
  20	
  mg/d	
  +	
  RAD001	
  10	
  mg/d	
  (TAM	
  +	
  RAD)	
  	
  

A:	
  Tamoxifen	
  20	
  mg/d	
  (TAM)	
  

Bachelot	
  T,	
  et	
  al.	
  J	
  Clin	
  Oncol.	
  2012;30:2718-­‐24	
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Primary	
  endpoint:	
  
Clinical	
  benefit	
  rate	
  
	
  
P	
  =	
  0.045	
  (exploratory	
  analysis)	
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Time	
  to	
  progression	
  
•  TAM:	
  4.5	
  months	
  
•  TAM	
  +	
  RAD:	
  8.6	
  months	
  
•  HR	
  (95%	
  CI)	
  =	
  0.54	
  (0.36-­‐0.81)	
  	
  
•  P	
  =	
  0.0021	
  (exploratory	
  analysis)	
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TAM	
  +	
  RAD	
  

CI,	
  confidence	
  interval;	
  HR,	
  hazard	
  ra9o;	
  RAD,	
  everolimus;	
  TAM,	
  tamoxifen.	
  
Bachelot	
  T,	
  et	
  al.	
  J	
  Clin	
  Oncol.	
  2012;30:2718-­‐24	
  





HORIZON	
  Trial	
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Randomized	
  phase	
  2	
  trial	
  
Metasta9c	
  pa9ents	
  with	
  previous	
  exposure	
  to	
  AIs	
  
	
  
	
  
	
  
ubsequent	
  progression	
  to	
  metasta9c	
  AI	
  treatment	
  
No	
  crossover	
  planned	
  

AI,	
  aromatase	
  inhibitor;	
  RAD001,	
  everolimus.	
  

Letrozole	
  2,5	
  mg/daily	
  
Placebo	
  

Letrozole	
  2,5	
  mg/daily	
  
Temsirolimus	
  	
  30	
  mg/	
  (5	
  days	
  every	
  2	
  weeks)	
  

1,112	
  pts	
  	
  
wih	
  AI-­‐naive,	
  	
  
HR+	
  ABC	
   An	
  independent	
  data	
  monitoring	
  commifee	
  

recommended	
  study	
  termina=on	
  for	
  fu=lity	
  at	
  
the	
  second	
  preplanned	
  interim	
  analysis	
  (382	
  PFS	
  
events).	
  

Wolff	
  AC,	
  JCO	
  2013	
  31:195-­‐202	
  



Wolff	
  AC,	
  JCO	
  2013	
  31:195-­‐202	
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Opzioni	
  terapeu=che	
  in	
  postmenopausa	
  

LG	
  2012	
   LG	
  2013	
  
Tamoxifene	
  
AI	
  
Fulvestrant	
  
Proges=nici	
  
	
  

Tamoxifene	
  
AI	
  
Fulvestrant	
  
Proges=nici	
  
Exemestane	
  ed	
  Everolimus	
  
	
  

	
  	
  	
  
	
  	
  
1.	
  Studio	
  BOLERO	
  2	
  Baselga	
  J	
  et	
  al.	
  N	
  Engl	
  J	
  Med	
  2011;366:	
  520-­‐529.	
  	
  
	
  

Stadio	
  IV	
  
Ormonoterapia	
  	
  



	
  

HR+/HER2+	
  	
  
metasta9c	
  breast	
  cancer	
  



Post-­‐menopausal	
  HR+/HER2+	
  MBC	
  

Author	
   N.	
  pts	
   Regimen	
   PFS	
   HR	
   P	
  value	
  

Kaufman	
  
JCO	
  2009	
  

207	
   Trastuzumab+Anastrozole	
  
	
  
Anastrozole	
  

4.8	
  mo	
  
	
  
2.4	
  mo	
  

	
  
0.53	
  

	
  
0.0016	
  

Johnston	
  
JCO	
  2009	
  

219	
   Lapa=nib+Letrozole	
  
	
  
Letrozole	
  

8.2	
  mo	
  
	
  
3.0	
  mo	
  

	
  
0.71	
  

	
  
0.019	
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