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Crizotinib in ALK traslocated NSCLC 

1500 patients screened by FISH (initially all; later, 
ADK). 
 
ALK rearrangement occurred in about 5% (75 expected 
positive patients). 
 
82 patients with ALK-rearranged NSCLC enrolled and 
evaluable. 

CoDevelopment of Diagnostics and Therapeutics 

Kwak EL et al. N Engl J Med. 2010. 



BRAF Mutations Across Tumors 

Slide provided by David Hyman 

Hyman Di, et al, N Engl J Med 2015; 373:726‐736 August 20, 2015 

Importance of Basket Studies 
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1. EDD trials include large early clinical trials with numerous arms in 

multiple indications. 

2. Focusing in smaller and smaller patient populations (rare 

histologies or selected by the presence of a rare alteration).  

3. Signal finding trials are been used as registration trials, under the 

claim that randomized trials are not feasible.  

4. Drug/Companion diagnostic co-development: the “One drug, one 

biomarker, one test paradigm” is getting old. 

5. Biotechnology allows multiplex analysis. Prescreening for trials 

vs companion diagnostics. 
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Evolution of drug development 
Paradigm changes in Drug Development 



Key Players in Drug Development in Precision Medicine 

Pharma Physicians/Clinical Investigators 

Translational scientists Cooperative groups 

Trials 

Research 

Treatment 

Sample 

Turnaround 

time 

Cost/  

coverage 

Science 

TRANSLATIONAL 
RESEARCH 

CLINICAL 
RESEARCH 

REGULATORY 

FINANTIALS 

Multiplexing 

Robustness 
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CDx 



NEW TIMES, NEW CHALLENGES... 

AND AFTER THE LOW HANGING FRUIT, WHAT? 



Standard of care Clinical Reseach 

HER2 ampl- HER2 inhibitors 

EGFR mut- EGFR inhibitors 

ALK/ROS1 ampl- ALK inhibitors 

CKIT mut- KIT inhibitors 

BRAF mut- BRAF inhibitors 

BRCA1/2 mut- PARPinhibitors 

FGFR1 ampl- FGFR inhibitors 

FGFR2 ampl- FGFR inhibitors  

FGFR1 mut- FGFR inhibitors 

FGFR2 mut-  FGFR inhibitors 

FGFR3-TACC3 tras- FGFR inhibitors 

PTCH mut- SMO inhibitors 

SMO mut- SMO inhibitors 

KRAS mut- MEK inhibitors 

PIK3CA mut- PI3Kalpha inhibitors  

PTEN mut- PI3K beta inhibitors 

AKT1/2 mut- AKT inhibitors 

NOTCH1 mut- NOTCH inhibitors  

IDH1 mut- IDH inhibitors 

MET ampl- MET inhibitors 

HER2 mut- HER2 inhibitors 

… 
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DXS/ Cobas 

FISH 

IHQ 

Sequenom 

Targeted seq 

Haloplex 

Nanostring 

Molecular Diagnsotics  

Standard of care Clinical Reseach 
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MUTANT or WILD TYPE 

INCLUDED or  EXCLUDED 

RESPONDER or NOT RESPONDER 

 
The 

Dichotomic 
Brain 

 

DRUG A or DRUG B 

The conundrum: 

The biology is complex… 
Technology has improved… 
  …but the physician’s brain is still dichotomic  
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Bose et al. Cancer Discov 2013;3:224–37 

Chang et al. Nature Biotech 2016;34:155-63 

Carmona et al. 2016 AACR, Abstract 298  
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TCGA; Ma et al, ASCO 2016; Wagle et al, 

ASCO 2016; Desmedt et al, JCO 2016 
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ERBB2 mutations may differing functional 
impact, sensitivity to antiHer2 therapies, 

and tumor specificity 
Frequency of ERBB2 mutations across 
cancers 

ERBB2 mutations 
& Neratinib 
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Eligible mutations are those that have are known or suspected to be 
pathogenic (activating) based on:  
1) recurrence and frequency in clinical studies or public databases (COSMIC, 

cBioPortal, ClinVar, etc)  
2) kinase domain location  
3) bioinformatics  
4) preclinical characterization  
5) clinical responsiveness.  

 
Novel variants of unknown significance are accepted for suspecting 
pathogenic mutations based on levels of evidence from criteria above.  
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Documented ERBB2 mutation from local testing 
in a CLIA- or regionally-certified lab. 

• Sanger 
• PCR-based 
• AmpliconSeq 
• Capture 
• Exome seq 
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Distribution of ERBB2 mutations in breast cancer cohort (best response to therapy) 

How are we going to determine which 
mutations will get into the drug-label? 
 
• Considering all equally important? 
• Only those “significantly” explored in 

the trial? 
• What role do we give to histology? 
• External database with (preclinical) 

validation?  

ERBB2 mutations 
& Neratinib 

Cynthia Ma et al, ASCO 2016 



Possible indications  
(alphabetical order) 

Genomic alterations  
(amplifications or activating mutations) 

Bladder 15% FGFR3 mut, 3% FGFR3 fusions, 3% FGFR1 amp 

Breast cancer (ER+, luminal) 
10% FGFR1 amp, 4% FGFR2 amp, 2% FGFR2 mut, 10% 

FGFR4 amp 

Colorectal cancer  5% FGFR1 amp, 5% FGFR3 mut 

Endometrial 10% FGFR2 mut 

Esophagial SCC 10% FGFR1 amp, 4% FGFR2 amp 

Gastric cancer 7% FGFR2 amp 

NSCLC-SCC 17% FGFR1 amp, 11% FGFR2 amp 

SCLC 6% FGFR1 amp 

Multiple Myeloma 20% FGFR3 trans, <1% FGFR3 mut 

Prostate 12% FGFR1 amp, 2% FGFR2&3 mut 

Ahmad  Biochimica et Biophysica Acta 2012 

Point Mutations 

 A recent screen of 210 different cancers 
found the FGF signaling pathway was the 
most commonly mutated system amongst 
the 1000 somatic mutations found 

 Mutations can affect activation, 
dimerization, ligand binding, degradation, 
and loss of function 

Amplification 

 FGFR amplification is increasingly emerging 
as a potential therapeutic intervention 
strategy across numerous diseases 

 Amplified transcript results in increased 
signal transduction and cellular events, 
which can lead to downstream deregulation 

Chromosomal Translocation 

 Can lead to an expression of fusion proteins 
with potent oncogenic function 

 Many fusion proteins can result in 
constitutively or aberrantly activated 
signaling pathways 

 

FGFR alterations 
& FGFRi 

 

Hierro C. et al_Semin Oncol 42:801-819 (2015);  www.cbioportal. 

Cross-cancer alteration summary for FGFR1, FGFR2, 
FGFR3, FGFR4, FGF3, FGF4, FGF19 



  

Bahleda R. et al_2014 ASCO Meeting abstract 2501; Tabernero J. et al_J Clin Oncol 20;33(30):3401-8 (2015); Rodriguez-Vida A.et al_J Hematol Oncol. 2015 Oct 24;8(1):119.  
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FGFR alterations 
& FGFRi 

FGFR: Are the different alterations analogous 
between them?  
 
• Mutations, amplifications, gene-fusions? 
• FGFR1 vs FGFR2 vs FGFR3? 
 

Is there a tissue-dependency based on specific 
FGFR aberrations?    



NTRK translocations: seeking for the ambiguous fusion partner.  

Vaishnavi A.et al_Cancer Discov 2015; 5:25-34. 
Hong DS.et al_2016 AACR Annual Meeting. 

 

NTRK translocations  
represent a challenge in 

terms of assay complexity,  
due to high heterogeneity in 

fusion partners.  
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NTRK alterations 
& NTRK1-3i 



NTRK translocations: potent oncogenic drivers among solid tumors.  
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Drilon A.et al_2016 AACR Annual Meeting. 

Hong DS.et al_2016 AACR Annual Meeting. 

NTRK alterations 
& NTRK1-3i 



ARE ALL ALTERATIONS BORN EQUAL? 
 MOLECULAR HOMOLOGY... ? 

 HISTOLOGY AGNOSTIC...? 



FINDING PATIENTS THAT CAN BENEFIT... 
...LIVINGSTON, I PRESUME 



Central analysis of samples: CT eligibility and CDx development 

Local analysis of samples: eligibility 

Local analysis of samples (eligibility) and Central CDx development 

Central Analysis (CDX) Trial A 

D0 

Local Profiling 

Trial A 

D0 

Central Analysis (CDX) 

Local Profiling 

Trial A 

D0 
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Bladder 
Samples tested 95 
FGFR3 mutation 7 

Breast 
Samples tested 229 
FGFR1 amplification 26 
FGFR2 amplification 3 

Squamous lung 
Samples tested 147 
FGFR1 amplification 14 

Gastric 
Samples tested 107 
FGFR2 amplification 2 

Other 
Samples tested 43 
FGFR1 amplification 0 
FGFR2 amplification 0 

Lecia V. Sequist, American Association for Cancer Research 2014  

Prescreened 
for FGFR1 

amplification 

(N = 269) 

Screened for 
protocol- 
specific 

eligibility 
criteria   

(N = 141) 

FGFR1-
amplified , HR-

positive 

N=20 

56 centers, global trial 

16 months recruitment 

Andre F et al Clin Cancer Res 2013 

Molecular screening in 
the TKI258 trial 

Molecular screening in 
the BGJ398 trial 

FGFR & Patient selection: 

Challenges of central prescreening (forced by current CDx development  

paradigm) 



Small patient population  trials 

1. FGFRi: FGFR1-4 mutations/ amplifications/ traslocations  

2. PIK3CA mutations/amplifications  

3. BRAF mutations  

4. EGFR T790M 

5. NOTCH mutations/amplifications, FBXW7 mutations 

6. RSPO2/3 amplification/traslocation and RNF43, ZNRF3 mutations 

7. MET amplification/mutation   

8. ALK, ROS mutation/traslocation  

9. HER2, HER3 mut  

10. TP53 wt 

11. IDH1 mutations 

12. NTRK1-3 mutations/ amplifications/ traslocations  

13. AKT1 mutations 

14. PTEN or PIK3CB mutations 
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Enabling Stratified Medicine in NSCLC 

NSCLC esquamous NSCLC Adenocarcinoma 

NTRK1 fusions (3.3%) ?  

HER2 mutations (1-2%)?  

KRAS mutations (25-35%)?  

CD74-NRG1 fusions? 

FGFR1 amplification (10-20%)?  

Discoid Domain Receptor 2 mutation (2%) ? 

PIK3CA (~30% ampl, amplification, ~6% mut?)? 



“We report for the first time the identification and 
therapeutic targeting of EGFR C-terminal fusions in patients 
with lung cancer and document responses to the EGFR 
inhibitor erlotinib” 

“Yeeeee. We have a new oncogene-addiction 
situation!!!!” 

“To determine the frequency of EGFR fusions in lung cancer, 
we analyzed data from ∼ 10,000 clinical cases. Fusion 
events, defined by a genomic breakpoint in EGFR exons 23 
through intron 25, were detected in 5 patients”. 

“Boooo. Impossible to explore in a clinical trial 
setting. What is going to be the regulatory path?” 

Cancer Discovery April 21, 2016  



D0 
Multiple Central Analysis (CDX) 

D0 

D0 

D0 

D0 

D0 

Current situation: sample exhaustion 



Life in a multiplexed era 

1. Basket trials include multiple histologies 

2. Sites have multiple studies for molecular 

alterations 

3. Trials may include multiple drugs (umbrella trials) 

4. Tests analyze multiple alterations  

  (NGS= 300-400 genes) 

Research in a multiplexed era 



SANGER 
sequencing 

RT-PCR Sequenom/ 
SNAPshot NGS 

Dienstmann et al. J Clin Oncol 2013  

Technology has really improved our clinics…  
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Protein 

presence or loss 

Gene fusions 

Copy Number 

Alterations 

Point 

mutations & 

indels 

Gene expression 

Protein 

phosphorilation 

levels 

Sequencing-

based techniques 

IHC derived techniques 

Hybridisation-

based 

techniques 

Technical complexity of detecting multiple 
alterations 
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Trial or programme name Platforms or techniques Cancer types Strategy 

Dana-Farber Cancer Institute, Boston, Massachusetts 

PROFILE Sequenom All solid tumours Umbrella protocol Single institution Local lab 

MD Anderson Cancer Center, Houston, Texas 
T9 Program Sequenom All solid tumours Umbrella protocol Single institution Local lab 

Clearing House protocol 

PCR  

All solid tumours Umbrella protocol Single institution Local lab Illumina NS, Ion Torrent NS  

NS 

Memorial Sloan-Kettering Cancer Center, New York 

IMPACT (NCT01775072) 
Illumina HiSeq 

All solid tumours Umbrella protocol Single institution Local lab 
Sequenom or MiSeq 

Vanderbilt-Ingram Cancer Center, Nashville, Tennessee 

PCMI SNaPshot 
Melanoma, NSCLC, CRC and breast 

cancer 
Umbrella protocol Single institution Local lab 

Massachusetts General Hospital, Boston 

NS SNaPshot 
NSCLC, CRC, melanoma and breast 

cancer 
Umbrella protocol Single institution Local lab 

Princess Margaret Cancer Centre, Toronto, Canada 

IMPACT (NCT01505400) 
MiSeq  

Selected solid tumours Umbrella protocol Single institution Local lab 
Sequenom 

Vall d'Hebron Institute of Oncology, Barcelona, Spain 

VHIO prescreening program 
Sequenom  Breast cancer, solid tumour phase I 

patients 
Umbrella protocol Single institution Local lab 

llumina GAIIx 

Cancer Research UK, London 

Stratified Medicine Programme  
PCR  Melanoma, NSCLC, CRC and breast, 

prostate and ovarian cancer 
Umbrella protocol Multiinstitutional Several central labs 

FISH 

Gustave Roussy Institute, France  

MOSCATO 01 (NCT01566019) 
aCGH  

Solid tumour phase I patients Umbrella protocol Single institution Several Central labs 
PCR 

SAFIR01 (NCT01414933) 
aCGH  

Breast cancer Umbrella protocol Multiinstitutional Several Central labs 
PCR 

Netherlands 

Centre for Personalized Cancer Treatment 
Ion Torrent PGM  

Solid tumours Umbrella protocol Multiinstitutional Several central labs 
5500xl SOLiD 

Norwegian Cancer Genomics Consortium 

Nationwide programme NS 9 tumour types  Umbrella protocol Multiinstitutional Local lab 

Curie Institute, Paris; French National Cancer Institute 

SHIVA (NCT01771458) 
Ion Torrent PGM  

Solid tumors Clinical trial Multiinstitutional Several central labs 
CytoScan HD 

WIN Consortium 

WINTHER (NCT01856296) 
NGS  

Solid tumours Clinical trial 
Multiinstitutional and 

International 
Central lab 

CGH 
Adapted from Bedard PL Nature 2013 
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Local Profiling 

Multi-drug CDX 

D0 

D0 

D0 

D0 

D0 

D0 

D0 
Multiple Central Analysis (CDX) 

D0 

D0 

D0 

D0 

D0 

Current situation: sample exhaustion 

Proposal: Facilitating collaboration, and development of MultiDrug CDx 



FINDING PATIENTS THAT CAN BENEFIT... 
...MULTI-DRUG COMPANION DIAGNOSTIC? 



Proposed application of NGS in today’s research and clinic 
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MultiDrug CDx and Research analytes coexistance 



Conclusions 

1. We now have more knowledge, better science, much better 

technology and  better drugs, and social media, so clinical 

trials in small patient populations are feasible 

2. Cancer has the opportunity to define multiple small subsets 

where specific drugs can achieve  high efficacy 

3. There are many opportunities to consider histology-agnostic 

approvals (BRCA1/2 mut tumors, FGFR translocations, 

NTRK1-4 translocations...).  

4. Need to reconsider CDx development. Multi-drug companion 

diagnostic? 

 

 


