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Cancer diagnostics tasks

4 Follow up

Diagnosis1

Prognosis2

3 Predict drug efficacy





Cheng L et al – Mod Pathol 2012

Diagnostic algorithm

Time: ~ 15 days

KRAS EGFR ALK

One at the time

Adenocarcinoma

KRAS wt 75%

KRAS mut 25%

KRAS test

EGFR test

EGFR WT 80%

EML4-ALK 
test



Which method?

- sensitivity

- ability to quantify



Method
Sensitivity

(MT/WT)
Quantification

Sanger sequencing 20% No

Allele specific probes 10% No

High-resolution melting 5% No

Pyrosequencing 5% No

ARMS/scorpion probes 1% No

Next Generation 

Sequencing
1% Yes

Sensitivity



Quantification of EGFR mutation abundance promotes a better selection of 
patients for EGFR-TKI treatment but also help develop better treatment 
strategies for patients with a low abundance of EGFR mutations

Zhou Q et al – JCO 2011

Progression-free survival (PFS) Overall survival (OS)



																		Sensibilita’	o			
																			Eterogeneita’	clonale		?		

KRAS	posi ve	

KRAS		nega ve	

Normal	

Sequencing	 QPCR	 Therapy	

60%	

2%	
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EGFR negative 

Normal 
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   ? 

																							Eterogeneita’	clonale	

Clonal heterogeneity or sensitivity?

Sequencing qRT-PCR Therapy

+ + YES

- + NO

- + YES



Starting DNA
Clonal amplification

of thousands copies
Emulsion PCR amplification

- one DNA molecule per bead

Starting DNA
Clonal amplification

of thousands copies
Solid phase bridge PCR

- one DNA molecule per cluster

Next generation sequencing



Risparmiare

Metodica capace di analizzare 

campioni multipli e diversificati



May 2013





Oncomine Solid Tumour kit
22 genes

EGFR-KRAS-NRAS-BRAF ……..

Thermofisher 4 Bases

BEN-Kit
4 genes
EGFR-KRAS-NRAS-BRAF

Colon-Lung-Melanoma

CE-IVD    NGS Kits



NGS vs. Pyrosequencing
the example of the KRAS, NRAS, BRAF 

PYRO

Time: ~ 15 days

KRAS NRAS BRAF

One at the time

NGS

Multiple genes in multiple 

samples, simultaneously

KRAS
NRAS
BRAF

Time: ~ 5 days



EGFR mutations in lung cancer

Exon 19:

Deletions

Exon 21: 

L858R 

Exon 20: 

T790M



Modularità

Metodica flessibile che permetta

di modulare le analisi da eseguire



Better selection of patients

Bria et al Oncotarget 2015



Better selection of patients



Fusion genes as drivers …

ALK is not alone



ALK

RET

ROS

The Cancer Genome Atlas 

Research Network*

TCGA Network, Nature 2014



DNA RNA



DRIVERS …

EGFR and ALK are not alone …



Chen Z et al. Nature Reviews Cancer 14: 535, 2014



The Cancer Genome Atlas 

Research Network*

TCGA Network, Nature 2014



The Cancer Genome Atlas 

Research Network*

TCGA Network, Nature 2014



This project has received funding from the European Union’s Seventh Framework  Programme for 

research, technological development and demonstration under grant agreement no 602783

Amplifications

Single nucleotide 

variations

Translocations Deletions

Technology advancement



Focal Amplifications

*

Waddell N et al. Nature 2015



Oncomine Assay* 

DNA Panel

Hotspot genes, n=73 (hotspot coverage)

ABL1

AKT1

ALK

AR

ARAF

BRAF

BTK

CBL

CDK4

CHEK2

CSF1R

CTNNB1

DDR2

DNMT3A

EGFR

ERBB2

ERBB3

ERBB4

ESR1

EZH2

FGFR1

FGFR2

FGFR3

FLT3

FOXL2

GATA2

GNA11

GNAQ

GNAS

HNF1A

HRAS

IDH1

IDH2

IFITM1

IFITM3

JAK1

JAK2

JAK3

KDR

KIT

KNSTRN

KRAS

MAGOH

MAP2K1

MAP2K2

MAPK1

MAX

MED12

MET

MLH1

MPL

MTOR

MYD88

NFE2L2

NPM1

NRAS

PAX5

PDGFRA

PIK3CA

PPP2R1A

PTPN11

RAC1

RAF1

RET

RHEB

RHOA

SF3B1

SMO

SPOP

SRC

STAT3

U2AF1

XPO1

Copy gain, n=49

ACVRL1

AKT1

APEX1

AR

ATP11B

BCL2L1

BCL9

BIRC2

BIRC3

CCND1

CCNE1

CD274

CD44

CDK4

CDK6

CSNK2A1

DCUN1D1

EGFR

ERBB2

FGFR1

FGFR2

FGFR3

FGFR4

FLT3

GAS6

IGF1R

IL6

KIT

KRAS

MCL1

MDM2

MDM4

MET

MYC

MYCL

MYCN

MYO18A

NKX2-1

NKX2-8

PDCD1LG2

PDGFRA

PIK3CA

PNP

PPARG

RPS6KB1

SOX2

TERT

TIAF1

ZNF217

*For Research Use Only.  Not for use in diagnostic procedures.



Gene Class
Functional

meaning
Copy Number

FGFR2 CNV_Amplification Gain-of-function 19.11

ACVRL1 CNV_Amplification Gain-of-function 9.11

TERT CNV_Amplification Gain-of-function 7.44

PTEN CNV- Deletion Loss-of-function 0.44

Case 1875 –

ONCOMINE COMPREHENSIVE PGM



FGFR2

Case 1875 –

ONCOMINE COMPREHENSIVE PGM



Surgical specimenCytology or Biopsy

Diagnosis

CLINICAL  PRACTICE

non-resectable resectable70% 30%



Cancer diagnostics tasks

4 Follow up

Diagnosis1

Prognosis2

3 Predict drug efficacy



Liquid biopsy: what is it?

cfNA

Exosomes

CTCs



cfNA

Exosomes

CTCs

• DNA

• mRNA

• miRNA

• DNA

• mRNA

• miRNA

• Protein

• DNA

• mRNA

• miRNA

• Protein

Liquid biopsy: what is it?



• early diagnosis

• correlation with the burden load

• minimal residual disease - relapse

• emergence of drug resistance

Non-invasive access to information through genetics 

Liquid biopsy: what is it for?



• early diagnosis

• correlation with the burden load

• minimal residual disease - relapse

• emergence of drug resistance

Non-invasive access to information through genetics 

Liquid biopsy: what is it for?

It represents a summary of all the 

different cancer lesions in a patient
“clonal evolution”



Liquid biopsy: cfDNA

Technical challenges: sensitivity and dynamic range

• small fragments from apoptotic or necrotic cells

• has short half-life

• highly variable level (<0.1% to >50% of total cfDNA)



• Digital PCR
BEAMing (Beads, Emulsions, Amplification, and Magnetics)

Droplet digital PCR (ddPCR)

• Targeted-NGS

Sensitivity < 0.01%

Dynamic range > 10.000

Conventional qPCR Sensitivity: up to 0.1%

Liquid biopsy: cfDNA



Lung cancer: cfDNA
EGFR status in tissues and matched cfDNA

Case Stage ALK FFPE (Pyroseq) cfDNA (ddPCR)

1 III - wt wt

2 IV Rearr wt T790M

3 IV - wt T790M

4 III - L858R L858R T790M

5 III - wt wt

6 IV - 746-750del 746-750del 

7 IV - 746-750del 746-750del 

8 IV - 746-750del 746-750del, T790M

9 IV - wt wt

10 III - wt wt

11 III - 746-750del 746-750del

12 IV - wt T790M

13 IV - wt wt

14 IV - wt T790M

15 IV - 746-750del 746-750del 

EGFR status in 

tissue and matched cfDNA

ddPCR



La diagnostica molecolare 

- Standardizzazione
- Scelte strategiche


