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Mutations in ALL solid tumours (n=651) 
Gene No. of 

samples 

Percentage 

P53 152 23.3 

PIK3CA 95 14.6 

KRAS 80 12.3 

IDH1 67 10.3 

MET 56 8.6 

PTPN11 27 4.1 

BRAF 25 3.8 

NRAS 21 3.2 

STK11 18 2.8 

GNA11 17 2.6 

FBXW7 16 2.5 

GNAQ 12 1.8 

HRAS 12 1.8 

CTNNB1 11 1.7 

APC 10 1.5 

CDKN2A 10 1.5 

Gene No. of 

samples 

Percentage 

EGFR 9 1.4 

PTEN 5 0.8 

KIT 5 0.8 

MYC 4 0.6 

FGFR1 4 0.6 

GNAS 4 0.6 

ERBB2 3 0.5 

TBX3 3 0.5 

FGFR2 2 0.3 

PIK3R1 2 0.3 

MAP3K13 2 0.3 

NCOR1 1 0.2 

MAP2K1 1 0.2 

FGFR3 1 0.2 

RB1 1 0.2 

CDK4 1 0.2 

Sinead Toomey, Aoife Carr, Yasir Elamin, John Crown 



0

5

10

15

20

25

30

35

40

45
%

 o
f 

sa
m

p
le

s 
w

it
h

 P
IK

3
C

A
 m

u
ta

ti
o

n
s 

Sinead Toomey, Aoife Carr 

PIK3CA mutation frequency in different solid tumours 



Table. PI3K pathway Genetic Mutations and Other Aberrations in 1261 Breast, 332 

Ovarian, 246 Endometrial Cancers (total 1839 cancers analyzed). 

Events that occur in 20% or more of patients are shown in bold. 

1. Hennessy BT, et al. J Clin Oncol 2005 

2. Hale K….…...., Mills GB, Hennessy BT. Cancer Research 2008 

3. Hennessy BT,……Mills GB. Cancer Research 2009 

4. Gonzalez AM…Hennessy BT. CCR 2009 



The frequency of activating 

PI3K pathway genetic 

aberrations in cancer 

suggests that the pathway 

will be a useful target in 

many human tumors 



Defining the functional 

effects of PI3K pathway 

mutations and other 

aberrations in cancer: 

 

What specific isoforms and 

downstream effectors 

mediate effects? 



Hennessy et al. Nature Reviews Drug Discovery 2005  

PTEN mutations 



Fruman DA, Rommel C. Nat Rev 2014 



Structure of the p110 alpha subunit of PI3K (PIK3CA) 

Huang CH et al. Science 2007 

http://www.sciencemag.org/content/vol318/issue5857/images/large/318_1744_F1.jpeg


Hale…..…..Hennessy BT. Cancer 

Research 2008 

PIK3CA mutations do not impact HR-

positive breast cancer patient outcomes 

after treatment with adjuvant tamoxifen 

PIK3CA mutations: outcome implications 



Hale……....Hennessy BT. Cancer 

Research 2008 

In contrast to PTEN loss, PIK3CA 

mutations do not lead to consistent 

activation of AKT in HR-positive breast 

cancers or cell lines 

PIK3CA mutations: signaling implications 



Vasudevan, K.M., et al. Cancer Cell 2009 



implicate a novel AKT-independent and PDK1-dependent oncogenic signal that may 

help us to refine new targeted therapeutic opportunities in tumors defined by PIK3CA 

mutations      
Vasudevan, K.M., et al. Cancer Cell 2009 



PIK3CA mutations: Potential 

substrates: 

Overlap between:  

-synthetic lethality candidates identified in a shRNA screen in a PIK3CA 

mutant cell line 

-known PDK1 substrates 
Vasudevan, K.M., et al. Cancer Cell 2009 
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PI3K PATHWAY DRUGS IN DEVELOPMENT 
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AKT1,2,3 

 QLT ICOS 

Berlex Vertex 

Semafore, Genentech, Lilly,  

Echelon, Iconix, Icos, Baxter,  

Cancer Research UK 

PIramed, Wyeth, Novartis, 

Rapamycin 

Wyeth CCI 779 

Novartis Rad OO1 

Ariad AP23573    Vertex,QLT, 

Celgene,Bioimage 

Abbott,Novartis, 

Kinacia, PROLX  

PH domain: NIH, 

Schering, Merck, 

Keryx, Celgene 

RAS 

SRC 

FTI 

     Herceptin 

Iressa 

STI571 

C225 

BCR/Abl 

STI571 

FKH/AFX Bioimage 

Ariad, Astrazenca, 

BMS, Novartis,  

Pfizer, Wyeth 



Heiser LM et al. PNAS 2009 

Cell line sensitivity to PI3K pathway inhibition 
Cell line 
sensitiv

ity to 
PI3K 

inhibiti
on 

 



PIK3CA-mutated cancers 

p110 alpha-specific inhibitors demonstrate 
particular preclinical antitumour activity 
 

including tumor growth arrest and significant regression in 
xenograft models 

Olivero AG; Genentech team. AACR 2008 
(GDC0032) 
Liu N et al. Mol Cancer Ther 2013 
(BAY80-6946) 
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However, persistent mTORC1 signaling a/w 
preclinical resistance to p110 alpha inhibitors  

 
Elkabets M et al. Sci Transl Med 2013 
 

 



PTEN-deficient cancers 

Some studies suggest that p110 beta activity is essential in 
cancer cells lacking PTEN (particularly in prostate and breast 
cancers) 

 
Thus, p110 beta inhibitors may be more effective than 
p110 alpha inhibitors in PTEN-deficient tumours 

 
However, this may be tumor type- and context-dependent 

 
Wee S et al. PNAS 2008 
 
Berenjeno IM et al. Biochem J 2012 
 

 



 Role for PI3K pathway 

aberrations in treatment 

resistance: 

 

 For example, PIK3CA mutations 

and PTEN loss are associated 

with trastuzumab resistance in 

HER2-amplified breast cancer: 

Nagata, Y et al. Cancer Cell 2004 

Berns (1st), Horlings (1st), Hennessy et al. Cancer Cell 2007 



We are also working on novel methods for 

identification of PD biomarkers indicating 

benefit from PI3K pathway inhibitors  

 

PD biomarkers: quantitative protein assays such as high 
throughput reverse phase protein arrays (RPPA) can 
objectively and reproducibly quantitate the activity of 
several proteins and pathways simultaneously in tumors 

Hennessy BT, et al. Clin Can Res 2007 
 



RPPA: Pharmacodynamic biomarkers for antitumor efficacy of 
perifosine, a PH domain inhibitor of AKT 

Hennessy, B. T. et al. Clin Cancer Res 2007;13:7421-7431 



In summary 
• PI3K pathway aberrations are very common in solid 

cancers 

 

• PI3K pathway aberrations are associated with 
targeted and cytotoxic therapy resistance 

 

• PI3K pathway inhibitors have potential clinical utility 
but the optimal inhibitors and combinations in 
different settings still requires clear definition 

 

• Careful attention to clinical trial design and 
correlative studies required to define those PI3K 
pathway inhibitors that result in optimal pathway 
modulation in human tumors along with the specific 
biomarkers a/w benefit from treatment 
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