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Biomarker Definition by NCI 

“A biological molecule found in blood, other 
fluids or tissues, that is a sign of a normal or 
abnormal process, or a condition or disease”   

 
Prognostic 
Biomarker 

 

 
Predictive 
Biomarker 

 

 
Disease Related 

 
Drug Related 



State of the Science in Biomarker Research 

 More than 40,000 papers on cancer biomarkers 
each year 
 Around 4000–5000 on biomarkers for early 

detection, diagnosis and prognosis 
 99% claims >90% sensitivity and specificity 
 But, very few are supported by evidence sufficient 

for regulatory approval 
• Rigorous standards for validation of clinical relevance in appropriate populations (i.e., in detecting 

preclinical disease, predicting progression/extent of disease) 
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Cancer treatment over the last past 20 years  

Percent of Biomarker-Based Segmentation in Selected Tumor  

Global Oncology Trends 2017: Advances, Complexity, and Cost. QuintilesIMS Institute. June 2017.  



The Hallmarks of a Precision-Oncology Study 

Hyman et al, Cell. 2017 Feb 9;168(4):584-599 
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Shown are multiple facets of a modern oncology
trial that not only refines a biomarker hypothesis in
a scientifically principled manner but also can
serve as an engine to drive new scientific discoveries.
The hallmarks of a modern precisiononcology
study include four primary scientific
objectives: identification of the target, confirmation
of target inhibition, biologic credentialing of the
target, and description of the mechanisms underlying
acquired resistance. Collection and analysis
of biospecimens should be organized around, and
driven by, these key objectives.



Biomarker Development 



Cancer Biomarkers: Missing the Mark 

 Biology of early disease not fully explored 
 Differences in analytical techniques 
 Differences in statistical methods (study designs) 
 Unintentional selective reporting 
 Incomplete protocol reporting 
 Lack of appropriate specimens and reagents 
 Variations in interpretation 
 Bias, chance and overfitting 
 Lack of appropriate controls 
 Need for additional knowledge in translation of laboratory tests into 

clinical tests  
 Need for more collaboration 

 



Phases of Biomarker Discovery and ValidationPhases of Biomarker Discovery and Validation

Margaret Sullivan Pepe et al. J Natl Cancer Inst, Vol. 93, No. 14, July 18, 2001 



 
 

 

The Current Drug Development Paradigm 

Courtesy of David Hong 



Druggable Alterations in Oncology Today and in the Near 
Future 

Hyman et al, Cell. 2017 Feb 9;168(4):584-599 
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Druggable Alterations in Oncology Today and in the Near Future

The percent of patients by cancer type harboring a biomarker that, at present, guides the use of either FDA-approved or standard-of-care therapies (open circles) compared to the fraction of patients in the same tumor type harboring a genomic alteration with compelling clinical evidence that it predicts response to a drug but neither the genomic biomarker nor the drug are standard-of-care yet in that indication represented by an arrow.






TRK fusions found in diverse cancer 
histologies 

Presented By David Hyman at 2017 ASCO Annual Meeting 



NTRK Inhibitor 
Efficacy regardless of tumor type 

Presented By David Hyman at 2017 ASCO Annual Meeting 



The efficacy of target therapy is affected by…  



Molecular Issues regarding T790M 

• T790M-positive and T790–wild-type clones may coexist in some cancers with acquired 
resistance to initial EGFR TKIs  

• Concept of cancer’s “loss” of T790M suggests that the original lesion, although testing 
“positive” for T790M, may have contained both T790M-positive and T790–wild-type 
clones 

•  Spatial heterogeneity indicates inter-/intratumor differences at the genomic, 
epigenetic, and proteomic levels, whereas temporal heterogeneity reflects dynamic  
tumor evolution over time  

Response 
Progression Sensitive 

Clone 

Resistant 
Clones 



Multiple Tests Require Large Tissue Volume 

Tumor 
Biopsy 

Histology 
 

Cancer 

RELAPSE Confirmatory 
FISH 

Anatomy 
 

Adeno-
carcinoma 

cMET 
EGFR 

 
 

BRAF 
PI3K 
FGFR 

 IHC (ALK+) 

Finite tissue ≥2 slides 5 µm tissue 

≥2 slides 
but no tissue 

≥2 slides 

≥1 slide 

≥5 slides 



Liquid biopsy: ctDNA 
 

Does ctDNA concentration is the same among 
patients with the same tumor? 

Bettegowda et al., Sci Trans Med, 2014 Sacher, Komatsubara,Oxnard J Thorac Oncol. 2017 Sep;12(9):1344-1356  
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With Metastases 

Correlation between tumor burden (y-axis) and 
dynamic clonal evolution of the tumor  

Sacher AG, et al. JAMA Oncol. 2016 Pisapia, Malapelle, Troncone, Springer Book 2017 

Increasing number of metastatic sites (P = .001) and 
presence of bone (P = .007), hepatic (P = .001) 
metastases significantly associated with assay 

sensitivity 

Some considerations 



Special considerations...  
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The Role of Next-Generation Sequencing in Enabling 
Personalized Oncology Therapy 

Cummings et al, Clin Transl Sci (2016) 9, 283–292 



Guardant360 Panel 
All NCCN Somatic Genomic Targets in a Single Test 

Point Mutations - Complete* or Critical Exon Coverage in 73 Genes 
 
 

AKT1 ALK APC AR ARAF ARID1A ATM BRAF BRCA1 BRCA2 

CCND1 CCND2 CCNE1 CDH1 CDK4 CDK6 CDKN2A CDKN2B CTNNB1 EGFR 

ERBB2 ESR1 EZH2 FBXW7 FGFR1 FGFR2 FGFR3 GATA3 GNA11 GNAQ 

GNAS HNF1A HRAS IDH1 IDH2 JAK2 JAK3 KIT KRAS MAP2K1 

MAP2K2 MET MLH1 MPL MYC NF1 NFE2L2 NOTCH1 NPM1 NRAS 

NTRK1 PDGFRA PIK3CA PTEN PTPN11 RAF1 RB1 RET RHEB RHOA 

RIT1 ROS1 SMAD4 SMO SRC STK11 TERT TP53 TSC1 VHL 

AMPLIFICATIONS  
AR BRAF CCND1 CCND2 CCNE1 CDK4 CDK6 EGFR ERBB2 

FGFR1 FGFR2 KIT KRAS MET MYC PDGFRA PIK3CA RAF1 

FUSIONS 
ALK FGFR2 FGFR3 RET ROS1 NTRK1 

INDELS 

EGFR exons 19/20 ERBB2 exons 19/20 MET exon 14 skipping 



Oncologists Oncologists 

Data Tsunami 



Classifying a mutation by frequency 

• Mountain: number of mutations in a gene is 
very high. Any reasonable statistic will indicate 
that the gene is a driver 

• Hill: few mutations.  
 



Discriminating a Driver and a Passenger Mutation in Early Phases Can Be 
Difficult 
 



DRIVER MUTATIONS 

• Passenger mutations can transform into driver 
mutations (“latent drivers” or “mini-drivers”) 

• In the context of resistant and/or recurrent disease. 

R. Burrell, C. Swanton Mollecular Oncology. 2014 
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Since cancer is an evolutionary process with continuous acquisition of new genetic alterations, additional driver mutations can be acquired after cancer development, and clones harboring these mutations will expand under positive selection due to enhanced growth potential and/or treatment resistance



DRIVER GENE MUTATION 

Chatterjee,E.J. Rodger,M. Eccles. Seminars in Cancer Biology, 2017 

Epi-driver genes: are expressed aberrantly in tumors 
but not frequently mutated. Changes in DNA methylation 
or chromatin modification that persist as the tumor cell 
divides 

Presenter
Presentation Notes
The commonly accepted definition of a driver mutation is a mutation within a gene that confers a selective growth advantage (thus promoting cancer development), while passenger mutations are those that do not provide a growth advantage



Multidisciplinary Molecular Tumour Board: a tool to 
improve Clinical Practice and selection accrual for 

Clinical Trials in Cancer Patients 

Christian Rolfo,  Paolo Manca, Andreia Coelho, Jose Ferri, Peter Van Dam, Amelie 
Dendooven, Christine Weyn, Marika Rasschaert, Lucas Van Houtven, Xuan Bich 

Trinh, Jan Van Meerbeeck, Roberto Salgado, Marc PeetersPatrick Pauwels  
 

On behalf of Molecular Tumour Board of Antwerp University Hospital, Edegem, 
Belgium. 



Our New Way to Work . . . Molecular Tumor Board 
Molecular 

Tumor Board 

Patient case is derived 
from his doctor 

Mol. Pathol 

Pediat Geneticist 

Oncologist 

Gyneco Thorax 

Molecular 
Tumor Board 

Report with 
therapeutic 

proposal 

Referral Doctor 
Discussion 

Nav. nurse 

Surgeon 

Molecular Tumor Board 



J Clin Oncol 34, 2016 (suppl; abstr 11583) 

MSK Levels of Evidence 



ONCO KB evidence levels from lbNGS (n=53) and ttNGS (n=195) in all 
available samples 

Rolfo et al, unpubished data 2017 



Gene (%) 
 

EGFR (10) 

KRAS (10) 

NRAS (10) 

BRAF (10) 

PI3K (10) 

EGFR (5) 

KRAS (5) 

NRAS (5) 

BRAF (5) 

PI3K (5) 

EGFR (1) 
KRAS (1) 
NRAS (1) 
BRAF (1) 

PI3K (1) 

platforms 

Malapelle et al. Cancer Cytopathology 2017 

Everybody can do it?  



3
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MOSCATO 01 Trial 

high-throughput genomics 
could improve outcomes in 

a subset of patients with 
hard-to-treat cancers. 

Although these results are 
encouraging, only 7% of 
the successfully screened 

patients benefited from this 
approach 

Massard  (Soria) Cancer Discov. 2017 Jun;7(6):586-595.  

High-Throughput Genomics and Clinical Outcome in 
Hard-to-Treat Advanced Cancers: 



Immunotherapy in Cancer 



Binary output  vs Biological Continuum 



PD-L1 & the Meta-analysis 



 
PDL-1 may vary inside the same tissue section 
 



PDL-1 status 

38 





The IASLC Blue Print Study 

• 39 NSCLC tumor stained with four PD-L1 assays 
 

• Independent review by three expert pathologists 
 

• Similar PD-L1 expression for three assays 

1. Blueprint phase 2A involving real-life clinical lung cancer samples and 25 
pathologists largely affirms the results of Blueprint phase 1 

2. 22C3, 28-8 and SP263 are comparable, SP142 detects less, while 73-10 
stains more PD-L1 positive tumor cells 

3. PD-L1 scoring on digital images and glass slides show comparable 
reliability 



Other biomarkers to better 
 
 select our patients? 



MS Lawrence et al. Nature 000, 1-5 (2013) doi:10.1038/nature12213 

Somatic mutation frequencies observed in exomes from 3,083 
tumour–normal pairs. 

Mutational Tumor Burden 



Mutational Tumor Burden 



Image from Nishino et al, Nature Reviews Clinical Oncology, June 2017 

Potential Utility of Liquid Biopsy in Immunotherapy 
 
•Diagnostic 
•Prognostic 
•Predictive of Response 
•Monitoring 
•Mechanisms if Resistance  

Current tools: 
• Calculation of circulating TMB 
• Detection of bPDL1 
• Alellic Fraction Variation Dynamic 

Unmeet Medical Need: 
 
Validated Biomarkers in Blood! 

Liquid Biopsies in Immunotherapy 



D. R. Gandara et al., ESMO 2017 abstract 1295O 
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No Change in Overall Survival with I/O in 2nd Line EGFR Mutated Lung Cancer: 
A Meta-Analysis 

Lee (Yang) et al. 2017 Journal of Thoracic Oncology 

Key: 
Checkmate 057 (N=582) Nivolumab 
Keynote 010 (N=1034) Pembrozulimab 
POPLAR (N=287) Atezolizumab 

Lee (Yang) et al. 2017 (Oct 2016) Journal of Thoracic Oncology 



Poor Response to Immunotherapy in NSCLC Patients with  
MET Exon14 Skipping Mutations 

ORR 6.7% 
95% CI (0-32%) 

Adequate Genotyping Identifies Patients 
Unlikely to Benefit from Immunotherapy 

Note: PD defined as > 20% growth or appearance of new lesions 

Sabari et al, J Clin Oncol 35, 2017 (suppl; abstr 8512) 



BRAF Mutant NSCLC: PD-L1 Expression, TMB, MSI-Status and Response to ICPi - Presented by Elizabeth Dudnik 

Objective response with ICPi 
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Non-V600E 

V600E 

• n-15 (V600E, n-8; non-V600E, n-7)  
• Nivolumab, n-10; pembrolizumab, n-5  
• ICPi 1st-line, n-4 (V600E, n-1; non-V600E, n-3); 2nd-line, n-9 (V600E, n-5; non-V600E, n-4); 3rd-line, n-2 (V600E, n-2) 
 
ORR (RECIST 1.1) - 17% Abbreviations: ICPi - immune check-point inhibitors s, ORR – objective response rate. 

BRAF MUT NSCLC 

BRAF & IO 

Presenter
Presentation Notes

Fifteen patients (8 pts in Group A and 7pts in Group B) received an ICPi . 9 of them received ICPi as a 2nd-line therapy, 4– as a 1st-line, and 2– as a 3rd-line treatment. Nivolumab and pembrolizumab were administered in 10 and 5 cases, respectively.  In twelve patients who had adequate CT scans for radiological assessment, the images were reviewed and changes in the sum of the longest diameters of all target lesions at best response were assessed. Those were analyzed in correlation with PD-L1 expression and BRAF mutation type. In two patients radiological assessment was pending at the time of the report; one additional patient has died soon after the treatment initiation without the CT scan being performed. 
ICPi therapy was associated with an objective response rate of 17%. 
No obvious correlation was observed between the level of PD-L1 expression and the depth of response during treatment with ICPi. BRAF mutation type did not seem to affect the probability of response either. 
However, 3 out of 4 non-responders with high level of PD-L1 expression happened to harbor a V600E mutation. Therefore we cannot rule out that V600E mutation subtype negatively affects the probability of response.  




How to integrate biomarkers in 

clinical trials design? 



Why Master Protocols and not Separate Studies? 

• Enhanced genomic screening efficiency 
• Inclusion of wide array of molecular subtypes 
• Use of common genomic platform or diagnostic tests 
• Screening for variants of multiple genomic targets in 

each tumor sample in each tumor sample (requires 
sufficient tumor material) 

• ↑ willingness of patients and HCPs to participate 
• Deletion/insertion of new subprotocol by amendment 

instead of completely new protocol development 
• ↑ and faster accrual c/w separate studies 
• More rapid clinical development 



Basket Trials: Pros and Cons 

Prerequisites: 
1. Drug must sufficiently inhibit target 
2. Tumor must depend on target 

 

 
 

 
 

 

• Challenges: 
 ▪ Molecular variant(s) may not be the only driver of tumor 
 ▪ Contextual complexities in various histologies 
 ▪ Single biomarkers may be inferior to multi-gene signature 
 ▪ Structural variants may need to be complemented with functional studies  
 ▪ Different tumor types have different prognoses: single primary endpoint (eg      
    ORR) may skew results   

• Benefits: 
 ▪ Access to trial for patients with rare tumors (bust must have respective molecular 
    marker) 
 ▪ Testing could be done locally 
 ▪ Small cohorts (usually single arm) may suffice to detect activity 
 ▪ Quick results 



Hallmarks of Umbrella Protocols 

Hypothesis: The response to targeted therapy is primarily 
determined by histologic context 
 

Renfro Ann Oncol Oct 11 2016 



Umbrella Trials: Pros and Cons 

• Benefits: 
 ▪ Conclusions are specific for a given tumor type 
  ◦ Tumor heterogeneity limited to one tumor type 
 ▪ For randomized substudies: 
   ◦ Potential to better understand the difference of targeted therapy vs 
     SOC 
   ◦ Potential to differentiate between prognostic and predictive markers 
   ◦ Easier path to negotiate approval with regulatory agencies  
   
• Challenges: 
 ▪ Requires:  
   ◦ Strong collaboration between academia and industry 
  ◦ Consistent marker profile , comparability of cohorts (bx, assay, Tx) 
 ▪ Feasibility:  
  ◦ Subclassification into rare populations (particularly with rare  
  cancers to start out with) 
  ◦ →↓ speed of accrual 
  ◦ Randomization requiring a larger sample size may be challenging  
  ◦ Appearance of new SOCs during trial conduct changes the  
    environment 



Design of studies exploring responses following progression or 
paradoxical responses 

Presenter
Presentation Notes
Panel 2a: Design of studies exploring responses following progression or paradoxical responses. These studies require the acquisition and study of tumor biopsies at
baseline and at progression, following a response to a given treatment; or from different tumor lesions presenting paradoxical responses (i.e.: response and progression).
Comparison of baseline and responding lesions may identify pharmacodynamic biomarkers of efficacy. Differences in the molecular profile of baseline and progressing lesions
may represent biomarkers of acquired resistance. Panel 2b: Since many of the described biomarkers of resistance occur on previously known driver genes or pathways
(Table 4), it can be hypothesized that the identification of genetic alterations arising at resistance may help to identify the driver genes or pathways that harbor them, when
these are unknown (reverse identification).



Why is Discovery of Clinically Useful Biomarkers 
Difficult? 

• Biology 
• Need for Infrastructural 

Support 
• Need for Collaborations 

Among Stakeholders 
• Basic scientists 
• Clinicians 
• Public Health Professionals 
• Informaticians and 

Bioinformaticians 
• Advocates 
• Funding organizations 
• Regulatory authorities 

 
 

Known Genetic 
Changes from 
Frankly Malignant 
Tumors 

Unknown 
Genetic 
Changes in  
Preneoplastic (in 
situ lesion) and 
Neoplastic 
(benign or 
malignant 
conditions) 

 Iceberg of Cancer 
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Dank u voor uw aandacht  
                                                     Thank you for your attention 
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