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From the Easter island ……

In  1964 a C anadian  researchers 
expedition from  the Ayerst-Wyeth  
Pharm aceutica ls traveled  to  E aster 
island to  gather soil sam ples and  
plants.

In  1972 the expedition team  and a 
m icrobiology team  identified and 
iso la ted R APAM YC IN  from  the 
m ycobacterium  Streptom yces 
H ygroscopicus

(Rapa Nui)



Rapamycin properties

Several years later Rapam ycin  dem onstrated  
antifungal activity b locking the G 1 to  S  
phase of the cell cycle.

The b lock of G 1 to  S  phase of the cell cycle 
in  T-lym phocytes revealed  a potent 
im m unosuppressant activity o f Rapam ycin  in  
m am m alians.

Easter island

Sehgal et al., J Antibiot (Tokyo) 1975



The birth of the Rapalogs

Rapamycin demonstrated 
antiproliferative activity in vitro and 
in vivo in human tumor xenografts 
implanted into immunosuppressed 
mice 

Rapamycin and its analogs (globally 
called RAPALOGS) were developed in 
organ transplantation and oncology, 
starting from the Biozentrum (Basel) 
and Sandoz Pharmaceuticals (now 
Novartis) laboratories.



The molecular target of rapamycin

Tw o classes of resistant yeast had 
m uta tions in  genes nam ed TO R1 
and TO R 2 in  honor of the Spalentor, 
a  gate o f the city of Basel, w here 
TO R w as first d iscovered .

SpalenTOR, Basel, Switzerland
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Regulatory associated 
protein of TOR

Rapamycin-insensitive
companion of mTOR



PI3K

Akt

mTORC2mTORC1

The pathway of mTOR

upstream

downstream
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mTOR

mTOR = master switch

BIOENERGETICS

GROWTH FACTORS
(IGF, EGF, PDGF, VEGF)

NUTRIENTS
(glucose, cholesterol, iron, zinc)

AminoacidsInsulin

Oxidative stress



PI3K

Akt

mTORC2mTORC1

Functions of mTORC1

Protein 
sysnthesis



mTOR regulation of autophagy

Chang Hwa Jung, Seung-Hyun Ro, Jing Cao, Neil Michael Otto , and Do-Hyung Kim

Published in final edited form as:
FEBS Lett. 2010 April 2; 584(7): 1287–1295. doi:10.1016/j.febslet.2010.01.017.

Autophagy is a self-degradative process that is important for balancing 
sources of energy at critical times in development and in response to 

nutrient stress.



2016 NOBEL PRIZE FOR PHYSIOLOGY OR MEDICINE 

TO YOSHINORI OHSUMI FOR AUTOPHAGY



The cell can destroy its own components 
forming the lysosomes

Ohsumi identified genes involved in 
autophagy. Alterations in these genes can 
occur in cancer.

The Belgian Christian de Duve was awarded 
the Nobel Prize for Physiology or Medicine in 
1974 for the discovery of the lysosome

“Proteasomes” represent another cellular 
system to degrade the proteins (2004 Nobel 

Autophagy = self eating



mTORC1 physiologically suppresses autophagy.

AUTOPHAGY

NUTRIENT STARVATION
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Nutrients

mTOR

S6K1  4E-BP1

 eIF-4E

Protein Synthesis

Cyclin D1 HIF-1 Glut1
LAT1

Cell Angiogenesis Nutrient 

mTOR activation supports cancer cell growth



PI3K

Akt

mTORC2

TSC-2

TSC-1

mTORC1

VEGFR
PDGFR

Connection between TSC and mTORC1: the first molecular link between 

mTOR and cancer 
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PI3K

Akt

mTORC2

PTEN

TSC-2

TSC-1

mTORC1
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Connection between TSC and mTORC1: the first molecular link between 

mTOR and cancer 



Syndrome Gene NET

Tuberous sclerosis 
(TS)

TSC2 pancreas

Neurofibromatosis (NF) NF-1
Ampulla, duodenum, 

mediastinum

Von Hippel Lindau 
(VHL)

VHL pancreas

PI3K

PTEN

Akt
NF1

VHL

m-mTOR pathway and NET-related inherited syndromes 



The world of mTOR

• Historical notes

• Physiological role of mTOR

• Role of mTOR in cancer

• Structure of mTOR



Sirolimus Everolimus Temsirolimus
Ridaforolimus 
(Deforolimus)

Brand name Rapamune®
Certican®
Afinitor®

Torisel®
Taltorvic®

Formulation oral oral I.V.

Indication Prevent renal 
rejection

Prevent 
renal/heart 
rejection,

NET, RCC, Breast 
cancer, SEGA, 

renal 
angiomyolipomas 
associated with 

TS

RCC, MLC
Soft tissue 
sarcoma

mTOR inhibitors



PI3K

Akt

mTORC2

p70S6K4E-BP1

Everolimus
Temsirolimus

PTEN

TSC-2

TSC-1

mTORC1

NF1

VEGF

VEGFR

PDGF

PDGFR

IGF-1

IGF-1R

EGF

EGFR

SSTR





Not approved for carcinoid 
syndrome-related NETArm A 216

Arm B 213

Approved for well/moderately 
differentiated, advanced, pancreatic 

NET
207

203

Randomised phase III trials with Everolimus in NETs



Everolimus 11.4 m
Placebo   5.4 m

RADIANT-3 trial
 (410 pancreatic NET patients randomized 1:1)



RADIANT-4 trial



Trial
Experimental 

arm
Control arm

Type of 
study

Lung 
subgroup

Number 
of lung 
patients

RAMSETE EVE Placebo Phase II Non-
functioning

22/73

RADIANT-2
EVE + Oct 

LAR
Oct LAR + 
Placebo

Phase III Carcinoid 
syndrome

44/429

RADIANT-4 Everolimus Placebo Phase III Non-
functioning

90/302

LUNA

Pasireotide
 vs. 
EVE
 vs.

Pasireotide/EV
E

no Phase II

Functioning 
and 
non-

functioning

121/121

Trials with Everolimus in lung carcinoids
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Everolimus: 9.2 months (95% Cl 6.8–10.9)

Placebo: 3.6 months (95% Cl 1.9–5.1)
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RADIANT-4 trial: lung subgroup, 90 pts



BOLERO-2 trial: 724 pts with HR+, HER-2 neg, advanced 
breast cancer, progressing on letrozole or anastrozole



Resistance to trastuzumab has been attributed to aberrant activation 
of PI3K pathway (loss or disregulation of PTEN)



BOLERO-1 trial: 719 pts with HER-2+ advanced 
breast cancer

The p value did not meet 
prespecified criteria for 

significance by a small margin

Everolimus 15.0 mo
Placebo 14.5 mo

Everolimus 20.2 mo

PFS in global population

PFS in HR- sub-population



BOLERO-3 trial: 569 pts with HER-2+, trastuzumab-resistant, 
advanced breast cancer



Not approved for first-line HER-2+ 
advanced BC

Arm A 480

Arm B 239

Approved for HR+ HER-2- advanced BC 
progressing on letrozole or anastrozole

485

239

Not approved for HER-2+ trastuzumab-Arm A 284

Randomised phase III trials with Everolimus in breast cancer



HR = 0.73; p = 0.008

Temsirolimus, IFN-alpha or both for advanced renal cell 
carcinoma: a phase III trial 



RECORD-1 trial: 416 pts with pre-treated metastatic
 renal cell carcinoma



Positive results for cabozantinib and nivolumab compared 
with everolimus in pre-treated patients with advanced 

renal cell carcinoma 

September 2015



Resistance to mTOR inhibitors



PI3K

Akt

mTORC1

Everolimus

mTORC2

IGFR-1
IRS



Dual modulation of Mcl-1 and mTOR by sunitinib determines the 
response of cancer cells

Comparison of patient samples prior and post sunitinib treatment 
suggests that increasing Mcl-1 levels and mTORC1 activity correlates 

with resistance to sunitinib in patients



Toxicity of mTOR inhibitors



Toxicity of everolimus: data from phase III trials

The adverse event profile of everolimus is broadly similar across various approved indications, and no 





Patients treated with mTOR inhibitors have an increase risk 
of pulmonary toxicity. 

The high grade is a rare event but one in 10 patients may 
experience grade G1-2 toxicity with a worsening of quality 

of life and interruption of therapy. 

Lung toxicity of mTOR inhibitors: a meta-analysis of the 
published trials



Predictive factors to everolimus



Prediction of responsetoeverolimus in neuroendocrinetumors:
evaluation of clinical, biological and histological factors

NouraBenslama1,2,3 &J ulienBollard2 &CécileVercherat2 &Patrick Massoma2 &
ColetteRoche2&ValérieHervieu2,3,4 &J ulien Peron5 &CatherineLombard-Bohas1 &
J ean-YvesScoazec2 &ThomasWalter1,2,3

InvestNewDrugs
DOI 10.1007/s10637-016-0363-6



Primary cultures

IHC characterization of p-AKT might help in 
identifying human p-NET who can benefit from 

Everolimus treatment



mTORC1 + mTORC2 inhibitors



Nutraceuticals

Apigenin (flavonoid) (fruits, vegetables and beverages)

Cryptotanshinone (roots of the plant Salvia miltiorrhiza, also called 
red sage)

Curcumin

Fisetin (strawberries, apples, onions)

Indoles (broccoli, cauliflowers, brussels sprouts)

Isoflavones (soybeans)

Quercetin (tea, red grapes, onions)

Resveratrol (red grapes)

Tocotrienols (vit. E)
Red sage


