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The Pharmacological Audit Trail (PhAT) 

 

• PhAT  

– Biological basis 

– Patient population 

– Identify target & drug 

– Hypothesis testing 

trials using biomarkers 

Yap, Sandhu, Workman & de Bono, Nature Reviews Cancer 2010 



It ain’t over until the PhAT lady sings! 

The PhAT 
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Patient Enrichment/Putative Predictive 
Biomarkers for PI3K/AKT inhibitors 

• Mutation: eg PIK3CA, AKT 

• Amplification: eg PIK3CA, AKT 

• Loss of function: eg PTEN, INPP4B, PHLLP1, FBXW7 

 

For Drug combinations eg MEK/AKT 

• KRAS mutation 

 



January 2011 December 2011 

KRAS Mutant NSCLC: MEK and AKTi 



October 2012 December 2012 

KRAS Mutant NSCLC: MEK + AKTi 



Mutation detection 

• Archival tissue 

• Fresh tissue at treatment preferable 

• Liquid biopsies 



• 72 year-old male with stage 4 pancreatic cancer with   

  hepatic and peritoneal metastases 

 

• Multiple prior therapies 

 

• PIK3CA and KRAS not mutated (plasma DNA analyses) 

 

• Loss of PTEN expression (tumor) 

 

 

 

 

 

 

Case study: RMH Patient 

Molecular Biomarkers Group, The Institute of Cancer Research, UK 



Hair follicles 
 

↓ pThr246 PRAS40  
 

Tumor and normal tissue PD 

Tumor 
  

↓ pSer473 AKT  
 

Case study - 60 mg QOD MK2206 PD 

Clinical PD Biomarker Group, The Institute of Cancer Research  

Clinical Development Lab, Merck MSD® platform 

 Immunofluorescence analysis 



60 mg QOD MK2206 treatment:  

• 50% shrinkage of the largest hepatic lesion after 4 months  

  on treatment, RECIST response of 23% 

• ~60% decrease in CA19-9 tumor marker levels 

 

 

Case study 

 Baseline 4 months post-treatment 

4.5 cm 2.0 cm 



Some Challenges 

• Defining ‘cut off’ for patient selection 

– Eg How much PTEN loss is enough? IHC/IF not quantitative 

• Multiple genetic changes can activate pathway 

– Eg PTEN wt may still be pathway activated 

• Redundancy  

– Eg If one inhibits p110beta in PTEN loss cancers will p110a 
take over signaling? p110a mutation may not signal just 
through AKT 

 



Abiraterone Sensitivity & PTEN Loss (ESMO 2013) 

Bottom Line: PTEN loss does not impact abiraterone sensitivity. Abi and enza combos ongoing 
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Pharmacodynamic Biomarkers: Challenges 

• Key to Go/No Go decisions 
– No target modulation – drug development termination 

• How? 
– Normal tissue: Platelet rich plasma, hair follicles preferable 

– Tumour tissue key…..but intrapatient heterogeneity 

– Molecular imaging 

• How much knockdown necessary for tumour cell kill? 
– Need for xenograft data 

• Feedback loops: 
– Desensitization? Homeostatic feedback.  

 



Other MAJOR Challenges 

• Schedule selection 

• Can we target tumour tissue enough? 

– Does toxicity allow it? More selective inhibitors have 
advantages as may be less toxic but may allow redundant 
leakage of signal. 
• p110 beta inhibition may be preferable for PTEN loss cancers 

• Selective p110 alpha inhibition may be preferable for PIK3CA 
mutant cancers 

Two examples of trials I have conducted of a p110a inhibitor and of an AKT inhibitor 



Example 1: Skin rash with AKTi MK2206 

Grade 1-2 Grade 3-4 

Fully reversible on drug discontinuation 

Toxicity may limit drug dosing that inhibits intratumoral target hard enough 
 
It may be easier to block normal cell target: Better drug distribution 



MK2206: PK-PD 

• Long terminal half-life (t1/2) of 60–80 hours  
• No substantial departure from dose-proportionality 
• PK data support QOD and QW dosing  

 



Clinical PD Biomarker Group,  

The Institute of Cancer Research, UK 
Paired t-test (predose vs treated) *p<0.05, **p<0.01, ***p<0.001 

Normal tissue Pharmacodynamics - Platelet-rich plasma  
(60mg QOD MK2206): How much is enough?!!!!!! 

AKT target and pathway modulated 

pSer473 AKT 
(n=25) 

pThr246 PRAS40 

(n=9) 

pSer9 GSK3  
(n=25) 

E Enough? 



Normal tissue Pharmacodynamics - Platelet-rich plasma  
(QW MK2206): How much is enough?!!!!!! 

pSer473 AKT 
QW MK2206  

(n=11) 

Paired t-test (predose vs treated) ***p<0.001 

AKT target modulated 

pSer473 AKT 
200mg QW MK2206  

(n=5) 

Clinical PD Biomarker Group,  

The Institute of Cancer Research, UK 

E Enough? 

E E 



• Tumor pSer473 AKT decreased post-MK2206 in all 12 patients 

•  50% decrease of pSer473 AKT in 9 of 12 patients 

• AKT target modulated in tumor 

Tumor PD (MSD assay) 
60 mg QOD (MTD) 

N = 12 

Clinical Development Lab, Merck and *Clinical PD Biomarker Group, The Institute of Cancer Research  

MSD® platform 

% Change in pSer473 AKT (normalized to pre-treatment) 



Impact of AKT blockade by MK2206: 

Feedback in cell lines and patient biopsies 



Schedule Selection 

• Randomised Phase II studies preferable comparable 
schedule but not usually pursued 

• Evaluation in Phase I studies in parallel cohorts 

– Second best but better than not studied at all 



Example 2: Pictilisib (GDC-0941) Phase I 

• Drug designed by ICR scientists 

	

PK Data 



Example 2: Pictilisib (GDC-0941) Phase I 

• Drug designed by ICR scientists; outlicensed to 
Genentech 

PK-PD Data 



Tumour Biopsy PD 

Patients treated at GDC0941 RP2D 



Impact on Plasma Insulin and Glucose 



Waterfall plot of changes in18F-FDG-PET SUVmax 
grouped according to pictilisib AUC 

	



Responding Ovarian Patient 
49y old, platinum-refractory ovarian; 5 prior lines 
of chemo; following pictilisib (100mg once-daily) 
there was a 56% reduction in pS6 by IHC(tumour), 
a 30% reduction in mean SUVmax (FDG-PET) and 
serum CA125 fall (1214 to 400). Tumour analyses 
revealed PIK3CA amplification by FISH with PTEN 
loss (IHC).  



Toxicity can also serve as PD biomarker 
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Two schedules: 21/28 and 28/28 (continuous) 
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Circulating Biomarkers 

• Plasma: DNA, RNA, Proteins, Metabolome 

• Whole blood: Expression Array Profiling 

• Circulating Tumour Cells 



Plasma: Next Generation  

Single Plex 

 

38 

DNA extraction from 2ml of Plasma 
 
Quantification with Picogreen high sensitivity 
Concentration of the sample 
 
Targeted sequencing with the PGM Ion Torrent platform: 
 - Input DNA of 10ng 
 - Sequencing of plasma DNA, germline DNA and tumor DNA 
 
 
 

JS Frenel 

ESMO Mathe Translational Fellowship 



PIK3CA FFPE and Plasma Sequencing Data:  
80 Breast Pts Referred for Phase I Trials. 

Characteristic N % 

Plasma Analyzed 76 95.0% 

FFPE Analyzed 54 67.5% 

PIK3CA Mutations 12 15.0% 

Plasma PIK3CA 8/76 10.5% 

FFPE PIK3CA 9/54 16.6% 

PIK3CA in FFPE + Plasma 5 41.7% 

PIK3CA in FFPE alone 4 33.3% 

PIK3CA in Plasma alone 1 8.3% 

PIK3CA in Plasma, no 
FFPE sample 

2 16.4% 

Plasma DNA levels may be low missing mutations 
Alternatively clonal evolution may mean new mutations evolve 

PIK3CA mutation data: NGS >500x coverage 

http://bimatics.blogspot.com/2011/06/introduction-to-next-generation.html
http://www.chg.duke.edu/research/mgc/ngsequencing.html
http://www.imgm.com/index.php?id=landingpage0


Patient DF, colon Cancer, C° 25.6 ng/ml 
  
 
 

Gene Type Var Freq Coverage Var Freq Coverage

APC A1492fs*15 44 989 Not found

KRAS G12V 47 820 13 218

TP53 R248E 31 991 13 549

TP53 R158fs*11 50 825 23 446

ALK DEL TC>T Not found 19 165

RB1 INS TA>T 19 1252 16 393

PLASMATUMOR

Plasma: Next Generation Sequencing 

Multiplex; average coverage >1000x 

Work conducted in de Bono lab by Jean Sebastien Frenel  
(ESMO George Mathe Translational Research Fellowship) 
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Back to back papers:  
Lancet Oncology October 2012 

Work conducted in de Bono lab by Dr David Olmos (funded by SEOM) 



Stage I: differentially expressed probe-sets 

Group  CRPC Surveillance  Dif. Expr. probesets 

LPD 1 14 0 2740 

LPD 2 17 1 541 

LPD 3 15 16 2179 

LPD 4 12 9 10063 

                             10 patients Unclassified 



Circulating Biomarkers 

• Plasma: DNA, RNA, Proteins, Metabolome 

• Whole blood: Expression Array Profiling 

• Circulating Tumour Cells 





Two cases 

No change 

PTEN status change: Uncommon 
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Clonal Evolution 

• Genomic instability – intra-patient heterogeneity 

• Drug resistance may be related to emerging clones  

– But drug may still have had antitumour activity imparting 
benefit against some clones 

• We need to study this in more detail 

– Circulating biomarkers 
• CTC, plasma DNA, molecular imaging  



CTC PTEN Loss: Intrapatient Heterogeneity 

• PTEN loss in fresh CRPC biopsies always seen in CTCs 

– We are utilizing CTC PTEN analyses in RP2 AKTi trials 



Cell Free DNA as a Biomarker 



Emergence of AR L702H on treatment is not 
the only mechanism of resistance in CRPC 

PSA 

CTC 

PTEN- 

AR L702H 

NKX3.1- 

21q- 



Conclusions 

• Pharmacological Audit Trail requires the utilization of multiple 
types of biomarkers  
– Predictive: PIK3CA or AKT mutation; PTEN loss etc 

– Pharmacodynamic: phospho-protein analyses; FDGF-PET; toxicity 

• Drugs targeting PI3K/AKT pathway have modest antitumour 
activity as single agents but have activity with MEKi against 
some KRAS mt cancers 

• Concerns remain that toxicity may limit intratumoral target 
blockade and antitumor activity 

• Circulating biomarkers have much promise in the study of the 
PhAT and clonal evolution 

 

 


