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Predictive biomarkers 
 Patients with malignancies of the same organ respond very differently to a specific drug 
 
 Response rate in unselected patients with different types of advanced cancer vary from 
<10% to > 90% 
 
 Many of the newer biological or molecular therapies have efficacy in only a minority of 
unselected patients, and have a high cost 
 
 

Need for predictive biomarkers to select 
patients with higher probability to respond 

Precision Oncology 





Disease Drug Therapeutic 
target 

Predictive marker Predictive 
marker 
frequency 

NSCLC Gefitinib (IRESSA EGFR EGFR mutation 10-15% 

Erlotinib (TARCEVA) EGFR EGFR mutation 10-15% 

Afatinib (GILOTRIF) EGFR EGFR mutation 10-15% 

Osimertinib (TAGRISSO) EGFR EGFR mutation 10-15% 

Crizotinib (XALKORI) ALK ALK traslocation 4% 

ROS1 ROS1 rearrangements 2-3% 

Pembrolizumab (KEYTRUDA) PD1 PD-L1 expression 30% 

Melanoma Vemurafenib (ZELBORAF) BRAF BRAF mutation 50% 

Dabrafenib  BRAF BRAF mutation 50% 

GIST Imatinib (GLEEVEC) CKIT CKIT mutation 90% 

Gastric cancer Trastuzumab (HERCEPTIN) HER2 HER2 expr/amplif 10-30% 

Breast cancer Trastuzumab (HERCEPTIN) HER2 HER2 expr/amplif 20% 

Ovarian cancer Olaparib PARP BRCA1 mutation 20-30% 

Colorectal cancer Cetuximab EGFR RAS 50% 

Panitumumab EGFR RAS 50% 

Approved predictive biomarkers in clinical practice  
(requiring a companion diagnostic test)  



Anti-EGFR drugs story - NSCLC 
……In 2000 first studies with anti-EGFR drugs 
                     (EGFR overexpression in 50-80% of lung cancer)   

Response rate: IDEAL 1  ~20%  
                           IDEAL 2 ~10% 

by Dr West - http://cancergrace.org/lung/2007/03/03/iressa-tarceva-hx-part-i/ 



Science 304, 1497 (2004) 

PNAS  September 7, 2004  vol. 101  no. 36 



Lynch T, NEJM 2004 

 8/9 responsive patients showe EGFR mutation 
 none of non responsive patients showed mutation 



Mutations involving exons 18-21, codifying for 
the tyrosine kinase activity portion of the 

protein, implicate in ATP binding 

Lynch T, NEJM 2004 



Phase II study: EGFR mutated patients treated in first line with gefitinib 250mg/d until 
progression 

98 pt screened for mutation   34 (35%) mutated  

response rate 55% (95% CI, 33 to 70) 
PFS  9.2 months (95% CI, 6.2 to 11.8) 

75 pt screened for mutation  25 (33%) EGFR mutated 

ORR 75% (95% CI,54% to 96%), DCR 88% (95% CI, 71% to 100%)  
PFS 9.7 months (95% CI, 7.4 to 9.9 months) 



Approvazione di gefitinib (IRESSA) dall’EMA a Luglio 2009 per il 

trattamento di I linea di pazienti con mutazione di EGFR 



Lancet Oncol 2012; 13: 239–46  

Approvazione di erlotinib (TARCEVA) dall’EMA a Settembre 2011 per il 

trattamento di I linea di pazienti con mutazione di EGFR 



Lancet Oncol 2014; 15: 213–22 

Approvazione di afatinib (GELOTRIF) dall’EMA a Settembre 2013 per il 

trattamento di I linea di pazienti con mutazione di EGFR 



Since 2010, all patients with a diagnosis of advanced lung 
adenocarcinoma MUST be characterized for EGFR before any 

treatment decision 



Different methodologies 

Methodologies Sensitivity  

Direct Sequencing (Sanger) 15-20% 

Pyrosequencing 3-5% 

Mass Array (Sequenom) 3% 

Cobas® 5% 

Chip  Hibridization 5% 

ARMS 1-5% 

PNA/LNA/CLAMP 0.1% 

Digital PCR 0.01% 

Next Generation sequencing 0.01-5% 



Disease Drug Therapeutic 
target 

Predictive marker Predictive 
marker 
frequency 

NSCLC Gefitinib (IRESSA EGFR EGFR mutation 10-15% 

Erlotinib (TARCEVA) EGFR EGFR mutation 10-15% 

Afatinib (GILOTRIF) EGFR EGFR mutation 10-15% 

Osimertinib (TAGRISSO) EGFR EGFR mutation 10-15% 

Crizotinib (XALKORI) ALK ALK traslocation 4% 

ROS1 ROS1 rearrangements 2-3% 

Pembrolizumab (KEYTRUDA) PD1 PD-L1 expression 30% 

Melanoma Vemurafenib (ZELBORAF) BRAF BRAF mutation 50% 

Dabrafenib  BRAF BRAF mutation 50% 

GIST Imatinib (GLEEVEC) CKIT CKIT mutation 90% 

Gastric cancer Trastuzumab (HERCEPTIN) HER2 HER2 expr/amplif 10-30% 

Breast cancer Trastuzumab (HERCEPTIN) HER2 HER2 expr/amplif 20% 

Ovarian cancer Olaparib PARP BRCA1 mutation 20-30% 

Colorectal cancer Cetuximab EGFR RAS mutation 50% 

Panitumumab EGFR RAS mutation 50% 

Approved predictive biomarkers in clinical practice  
(requiring a companion diagnostic test)  



 

 

 

 Results in terms of presence/absence (without cut off, reference curve, etc…) 

 Objective interpretation of data 

Less variability among the different laboratories 

Methodologies easy for Molecular Biology  Laboratories 

 Analysis on DNA more stable respect to analysis on RNA, proteins…. 

 

The majority of predictive biomarkers approved in clinical 
practice are gene mutation 



All are no perfect biomarkers 

 Objective response rate in patients carrying the specific alteration: 70-80% 

Unknown primary resistance mechanisms 

Acquired resistance mechanisms  

 Median durable clinical response: about 10-12 months 

 Some patients without the target alteration could respond to therapy 



Gillis NK et al, drug Res Update 2016 

Principal resistance mechanisms to EGFR-TKIs in NSCLC 



n engl j med February 16, 2017 

Approval of Osimertinib in patients developing a T790M 
mutation at progression with a EGFR-TKI 



Necessity to characterize the tumor tissue after progression to 
decide the subsequent treatment 

- Molecular characterization of tumor tissue of relapsed lesion (re-biopsy)  
 
- Use of liquid biopsy (free circulating DNA) 



Disease Drug Therapeutic 
target 

Predictive marker Predictive 
marker 
frequency 

NSCLC Vemurafenib/Dabrafenib  BRAF BRAF mutation 2-3% 

Trastuzumab HER2 HER2 mutation 2-4% 

Cabozantinib MET MET 
mutation/amplification 

4% 

Cabozantinib RET RET rearrangements 1% 

Multiple 
tumors 

Entrectinib 
Larotrectinib 

NTRK1/2/3 NTRK rearrangements 0.3-20% 

Other biomarkers under evaluation for targeted 

therapy 



Checkpoint inhibitors: tumors express “checkpoint” proteins on their cell surface to 
escape detection from the immune system; targeted inhibition towards these 
receptors enhances T cell response towards the tumor 

 

Immune checkpoint inhibitors (ICIs) therapies 



Check Mate -057 Borgheai H et al, NEJM 2015  2° line of 
treatment ADC Check Mate 017 Brahmer JR et al, NEJM 2015 2° line  of treatment SCC 

Check Mate 026 Carbone DP et al, NEJM 2017  1°line of treatment NSCLC  



KEYNOTE 024- Reck M et al, NEJM 2016- 1°  line treatment in pt with PD-L1 >50% 

Pembrolizumab approval in first line treatment in patients with PD-L1  expression >=50% 

OAK: Rittmeyer A et al, Lancet  2017; phase III in 2°  line NSCLC 



Different anti-PD-L1 Ab clones in the different studies 

High variability of results 



LB Alexandrov et al. Nature 1-7 (2013) 

Prevalence of somatic mutations across human cancer types 

Tumor mutational burden (TMB) measures the quantity of  somatic 
mutations found in a tumor 



Measuring the total number of somatic mutations (TMB) 
acts as a proxy for neo-antigen burden 



Yarchoan M et al, NEJM 2017 

- Some cancers have a response to therapy that is better than that predicted by TMB (i.e. 
Merkel-cell carcinoma) 
- Other have a response worse than that predicted (i.e. colorectal cancer MMRd) 



 
- TMB and PD-L1 expression were independent variables,  
 
 - Composite of TMB plus PD-L1 further enriched for benefit to ICIs 

Rizvi H et al, JCO 2018 



Issues relative to TMB analysis 

-Exome analysis is expensive, time consuming, and requires expert 
bioinformatics for results interpretation 
 

- Large panel of genes have been analysed as alternative, but no standardized 
panel have been established 
 

- Difficulties to standardize the determination between different laboratories 
 

- Foundation One is one of the methodologies used in clinical trials and for which 
a cut off has been established, but it is too expensive ($ 5.800 for each patient) 
for a routinary use   



Immune parameters influencing response to 
immunotherapy  



Blank CU, Science 2016 



Martin L, J Clin Oncol 2007 

Antiangiogenic treatment 

No available predictive biomarkers 



Conclusions 

- A series of predictive biomarkers to targeted therapy are nowaday available and usable 
in the clinical practice 
 

- The majority of approved predictive biomarkers are gene alterations 
 

- The increasing of molecular knowledge of tumor and drugs available against the specific 
alterations make mandatory the use of multi panel approaches 
 

- Liquid biopsy is recognized and indicated for NSCLC molecular characterization  
 

- Accurate predictive biomarkers with regard to ICIs are not yet available 
 
- Molecular alghoritm including different parameters will be probably more indicated, but 
more complex to standardize, as predictors of ICIs sensitivity  
 

- The rapid evolution of increasingly sofisticated and advanced methodologies will help in 
the search and development of predictive molecular markers 



Thank you for your attention 


