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• Organ-based classification represents a heterogeneous group of 
molecular entities 

– Vary in number of driver alterations 

– “Druggability” 

 

• Many cancer treatments only work in a subset of cancers within these 
traditional disease classifications 

– Particularly true for targeted therapies 

 

• Biomarker-directed therapies are the new reality 



• Biomarkers 

– Classification: selection and intermediate endpoints 

– Performance 

– Precision 

 

• Prospective trial designs involving biomarkers 

 

• Master protocols 

– Basket and umbrella trials 

 

 



Predict 
patients most 

likely to 
benefit 

Save patients 
from 

unnecessary 
toxicity 

Improve the 
success rate 

of drug 
development 

Reduce 
(streamline) 

medical costs 
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PFS Median 6 m 12 m 

Gefitinib 5.7 months 48% 25% 

Pac/ Carbo 5.8 months 48% 7% 

Mok et al. NEJM 2009 



Clinical phenotype 

Biomarker + 

New therapy 

Control therapy 

Biomarker - 

New therapy 

Control therapy 

Clinical phenotype 

New therapy 

Control therapy 

HR < 1.0 

HR > 1.0 

Test of  
interaction  

effect 



Gefitinib (n=132) 
Carboplatin/ paclitaxel (n=129) 

Gefitinib (n=91) 
Carboplatin/ paclitaxel (n=85) 

8 Mok et al. NEJM 2009 

Objective RR 71.2% 

Treatment by subgroup interaction test, p<0.0001 

Objective RR 1.1% 



• All-comers with biomarker stratification: 

– Consider results combined and separately within biomarker-positive and -
negative subgroups  

 

• Biomarker enrichment: 

– Biomarker positivity required for eligibility 

 

• Biomarker adaptive: 

– Trial design features adapted during course of the trial depending on early 
results within biomarker-positive and negative subgroups 

 

 



• Biomarker: A characteristic that is objectively measured and evaluated as an 
indicator of normal biological or pathogenic processes, or pharmacologic 
responses to a therapeutic intervention 

 

 Biomarkers Definitions Working Group 
Clinical Pharmacology & Therapeutics (2001) 
Vol 69, No 3, pp 89 - 95 
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Examples 

 CT imaging 

 Serum tumour markers e.g. PSA in prostate cancer 

 ER/ PR/ HER-2 status in breast cancer 

 EGFR mutations & ALK translocations in lung cancer 

 
 
 



  

Progressive Disease (grows by 20%) 

Stable Disease 

Partial Response (shrinks by 30%) 
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RECIST 1.1 

BIOLOGICAL PROGRESSION 
MARKERS 

- Tumour markers e.g. PSA, CA-125 

RADIOGRAPHIC CHANGES 

Response  
Evaluation 

PHARMACODYNAMIC 

Tissue Based 
Target modulation 
Histopathologic changes 
 
Minimally invasive 
Circulating DNA/ CTC 
Other biospecimens e.g. sputum 
 
Imaging based 
Hypoxia imaging 
 
Better Intermediate  

Activity Readouts 

PROGNOSTIC 

HER2 amplification 
KRAS/ BRAF mutations 

PREDICTIVE 

HER-2 amplification 
EGFR exon 19 del 
PTEN loss 
PIK3CA mutations 
MET amplification 
PDL1 expression 

Improved Patient  
Selection 



All NSCLC Adenocarcinoma 
Adenocarcinoma 

Never smoker, Asian 
EGFR M+ 

Thatcher Lancet 2005, Mok et al. NEJM 2009, Maemondo NEJM 2010 



Screening for 
Biomarker status 

Biomarker + 

New therapy 

Control therapy 

Biomarker - 

New therapy 

Control therapy 

This design maximizes information and controls for the prognostic effect of the marker, but… 

R 

R 



Flaherty et al. NEJM 2010 

Dose escalation: 11 out of 16 responded (69%) 
Dose expansion: 26 out of 32 responded (81%) 





RR 48%; 95% CI, 42 to 55 

RR 5%; 95% CI, 3 to 9 

5.3 vs 1.6 months 

Chapman et al. NEJM 2011 



Screening for 
Biomarker status 

Biomarker + 

New therapy 

Control therapy 

Biomarker - 

New therapy 

Control therapy 

Difficult to justify the “control” arms in this era of high precision drugs and biomarkers 

R 

R 



• All-comers with biomarker stratification: 

– Consider results combined and separately within biomarker-positive and -
negative subgroups  

 

• Biomarker enrichment: 

– Biomarker positivity required for eligibility 

 

• Biomarker adaptive: 

– Trial design features adapted during course of the trial depending on early 
results within biomarker-positive and negative subgroups 

 

 



• Rationale 

– Individual variation influences a treatment randomly, we can control for this 
through replication 

– But, when anticipated effect in a selected group is high, then we need to 
identify patients 

 

• Performance and precision of biomarker is a critical consideration 

– Impact on sample size requirements (prevalence) 

• Screening strategy 

• Feasibility 

– Demonstration of desired effect (efficacy boundaries) 



EGFR Mut +ve NSCLC 

Prior TKI 

T790M+ve 
3rd Generation TKI (50-

60%) 

T790M-ve Not eligible (40-50%) 

Biopsy and test for 
T790M 

• Strong biologic rationale  

• Marker-negative patients are unlikely to benefit 



• Prognostic or predictive 

• Biological heterogeneity 

• Performance of biomarker 

• Precision of biomarkers 

 

 



• Tumour shrinkage (RECIST responses) are re-assuring  

• Prolonged stable disease 

– is this patient selection or true therapeutic effect? 

Predictive Prognostic 22 



Cutaneous Melanoma Colorectal Cancer 



• Extent of validation depends on decision making role within trial 

• Exploration-Demonstration-Characterization-Surrogacy 
Fit-For-Purpose 

• Pre-analytical considerations 

• Scientific: preclinical modeling e.g. predictive animal models 

• Technical: reproducibility, dynamic analytic range 
Validation 

• Pre-analytical considerations 

• Clinical qualification: correlation of exposure with outcome 

• GLP/ CLIA certified labs 
Qualification 

• Technical standardization across all sites (Scalability) 

• Companion diagnostics 
Commercialization 

Tan et al. Cancer J 2009 24 



Tan et al. WCLC 2015 

EGFR 
TP53 

MMP16 
MYH1 

R1 R2 R3 R4 R5 

Tip (private) 

Branch (shared) 

Trunk (common) 

LRP2 
EML5 

ADCY8 

CAPN8 
MED12 

OR10C1  

KCNK10 

R2 R1 

R3 

R4 

R5 

MED12 

EGFR 
TP53 

MMP16 
MYH1 

LRP2 
EML5 
ASCY8 

2 

SNVs 

Assuming we get all of the above  
biomarker considerations in place…. 
 
Prevalence of biomarker can be low  



EGFR Mut +ve NSCLC 

Prior TKI 

C-MET +ve 
MET inhibitor 

(10-15%) 

C-MET -ve Not eligible (80-90%) 

Biopsy and test for  
c-MET 

• Large number of patients to be screened 

• Likelihood of not being eligible is very high 

• No option for screen negative patients 

• Low enthusiasm among patients and providers 



EGFR TKI 
resistant 

NSCLC 
Biopsy 

T790M+ 

MET  
amplificatio

n 

T790M - 
MET - 

EGF816 [NCT02108964] 
EGF816 + Nivolumab [NCT02323126] 
EGF816 + INC280 [NCT02335944] 
AZD9291 (plasma T790M) 

 
Erlotinib + INC280 [NCT02468661]  
Gefitinib + INC280 [NCT01610336] 
Gefitinib + MSC2156119J [NCT01982955] 
EGF816 + INC280 [NCT02335944] 

 

  
Gefitinib + BKM120 [NCT01570296] 
Afatinib + BI836845 [NCT02191891] 
EGF816 + INC280 [NCT02335944] 
PDL1 status: MEDI4763 [NCT01693562] 
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• T790M positive vs negative 
– Sequencing/ NGS 

• “MET activated” 

– IHC expression 

– C-MET FISH (cutoff) 

– Exon 14 skipping mutations 

 

MET amplification >/= 6 copies (Gef-INC280) 

Wu YL, Tan DS ASCO 2014 

T790M (3rd generation EGFR TKI) 

Tan DS ASCO 2015 



Identify & 
Refine 

Model response/  
resistance  
mechanisms 

Patient-derived progenitor and PDX models 

Tumour progenitors PDP Xenograft 

Clinical 
experience 

Preclinical 
insights 

Biomarker 
development 



• Resources for pre-clinical work and assay development  

 

• Broadly accessible trials to accrue sufficient numbers in small biomarker 
subgroups  
o Multi-arm master protocol trials (“basket”, “umbrella” trials) give options for 

more patients/ fewer biomarker-negative  

 

• Rationale: 
o Screening a large number of patients for multiple targets by a broad based 

platform reduces the screen failure rate 

o Provides a sufficient “hit rate” to engage patients and clinicians 

o Brings safe and effective drugs to patients faster 

 
 



• Establish a trial network with infrastructure in place to streamline trial 
logistics, improve data quality, and facilitate data sharing and new data 
collection 

 

• Develop a common protocol for the network that incorporates innovative 
statistical approaches to study design and data analysis 

 

• Pharmaceutical industry partners 

 

• Regulatory considerations 

 



Tumor of origin Molecular characteristics 

UMBRELLA PROTOCOLS BASKET PROTOCOLS 

Biankin et al. Nature 2015 



Test impact of different drugs on 
different mutations in a single type of 
cancer 

• BATTLE 

• I-SPY2 

• Lung-MAP Squamous Lung Master 

33 

Test the effect of a drug(s) on a single 
mutation(s) in a variety of cancer types 

• BRAF V600X BASKET trial 

• NCI MATCH 

Umbrella Basket 



Hyman et al, NEJM 2015; Prahallad et al. Nature 2012 

+ cetuximab 



• All-comers with biomarker stratification: 

– Consider results combined and separately within biomarker-positive and -
negative subgroups  

 

• Biomarker enrichment: 

– Biomarker positivity required for eligibility 

 

• Biomarker adaptive: 

– Trial design features adapted during course of the trial depending on early 
results within biomarker-positive and negative subgroups 

 

 



Biankin et al. Nature 2015 

Futility 

Refine  
Biomarker 

Refine therapeutic 
options 

High precision biomarker 

Pharmacologic active 
Compound/ combination 



Phase II “umbrella protocol” – patients with advanced NSCLC 

 

Kim et al. Cancer Discovery 2011 

• 11 biomarkers 
 

• 2048 possible  
combinations! 
 

Endpoint: 
8 week disease control rate 
DCR > 30% 

Adaptive randomization 
• More patients received  

more efficacious treatments 

Bayesian adaptive design 
• Early stopping rule for ineffective  

treatments 

8 week DCR      34%         33%         50%        58%  



58% 

50% 

33%  

34%  

8 week DCR 

Liu and Lee CCO 2015  



Biankin et al. Nature 2015 



1. MammaPrint High 
2. MammaPrint Low and ER - 
3. MammaPrint Low and ER+ & HER2+ 

Barker et al. Clin Pharm Therapeutics 2009 



S1400 

TT=Targeted therapy, CT=chemotherapy (docetaxel or gemcitabine), E=erlotinib 
Archival FFPE tumor, fresh CNB if needed 

CT* 

AZD4547 CT* 

FGFR 
M: FGFR ampl, 

 mut, fusion 

PD-0332991 CT* 

CDK4/6 
M: CCND1, CCND2, CCND3, 

cdk4 ampl 

Common  Broad Platform 
CLIA Biomarker Profiling 

HGF 
M:c-Met Expr 

AMG102+E E* 

Anti-PD-L1: 
MEDI4736 

Non-match 

Endpoint 
 PFS/OS 

Endpoint 
 PFS/OS 

Endpoint 
 PFS/OS 

Endpoint 
 PFS/OS 

PI3K 
M:PIK3CA mut 

GDC-0032 CT* 



• Innovative trial designs, e.g., umbrella or basket protocols, will be 
increasingly common in the future 

 

• Biomarkers must be critically evaluated 
 Performance and precision 

 

• Trial networks with established infrastructure and use of a common 
protocol can address many of the challenges  
 Optimize trial design and conduct to realize efficiencies 

 Improve data quality through centralization of processes, systems, and training 


