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Agenda

 Target molecolari e test

 L’impatto attuale

 Tecnologie e test

 L’impatto clinico

 Le piattaforme

 I modelli organizzativi



Meric-Bernstam et al, J Clin Oncol 2013

The personalized cancer care continuum



Valutazione patologica e molecolare 
nella scelta di un trattamento oncologico

 Quali farmaci

 Farmaci a bersaglio molecolare (target terapie)

 Farmaci checkpoint inibitori (immunoterapia)

 Selezione dei pazienti

 Identificazione di sensibilità o di resistenza primaria

 Identificazione di resistenza acquisita (secondaria)

 Vantaggio clinico

 Maggiore efficacia

 Risparmio di tossicità 

 Razionalizzazione della spesa

 Ottimizzazione del rapporto costo/beneficio



Background of molecular
personalized therapy

Factors Evidence

Availability of targets ✔

Availability of validated tests ✔

Availability of data on biological/clinical

significance

• Prognostic

• Predictive of sensitivity

• Predictive of primary resistance

• Predictive of secondary resistance

✔

Availability of drugs

• Efficacy/toxicity ratio

• Cost/efficacy (effectiveness) ratio

✔



Ready for routine 
use

Alteration-drug associated. Improved

outcome in clinical trial

Investigational Alteration-drug associated. Magnitude of 

benefit unknown

Hypotetical target Alteration-drug suspected. Improve

outcome in other tumor types or similar

molecular alteration

Combination 
development

Alteration-drug associated with RR but

without clinical meaningful benefit. Lack

evidence for actionability

Mateo et al, Ann Oncol 2018



The ESCAT Classification

Mateo et al, Ann Oncol 2018



Farmaci registrati e rimborsati dal SSN 
con richiesta di test biomolecolari

Farmaci Tumori
N.

Tumori
Sede

Test ICH Test 
molecolari

Anticorpi 

monoclonali

6 Mammella, 

stomaco, 

colon-retto, 

NSCLC, 

melanoma,

GIST

3 1

Piccole 

molecole

15 NSCLC, 

melanoma, 

tiroide

0 4

Totale 21 7 3 5

1 sola indicazione rimborsata per terapia adiuvante



Agente Biomarker Tumore Indicazione registrativa in Italia (AIFA)

Imatinib c-Kit espressione GIST Metastatico, adiuvante alto rischio

Vandetanib
RET mutato              

(non esclusivo)

Carcinoma midollare 

della tiroide
Inoperabile/Metastatico

Trastuzumab
HER2 espressione/

amplificazione

Carcinoma mammario

Carcinoma gastrico

Adiuvante, neoadiuvante,  metastatico in 

monoterapia o in combinazione con chemioterapia 

Metastatico in combinazione con cisplatino e 5-

fluorouracile/capecitabina

Pertuzumab
HER2 espressione/

amplificazione
Carcinoma mammario

Metastatico o ricorrente localmente in I linea  in 

combinazione con docetaxel e trastuzumab

TDM-1
HER2 espressione/

amplificazione
Carcinoma mammario

Metastatico o ricorrente localmente   dopo 

trastuzumab e tassani in monoterapia

Lapatinib
HER2 espressione/

amplificazione
Carcinoma mammario

Metastatico/avanzato in combinazione con 

capecitabina in pazienti in progressione dopo 

trastuzumab

Olaparib BRCA 1-2 mutazioni Carcinoma ovarico

Recidive platino-sensibili in risposta dopo 

chemioterapia a base di platino in monoterapia di 

mantenimento

Cetuximab RAS wild type
Carcinoma del colon-

retto

Metastatico in combinazione con chemioterapia o in 

monoterapia

Panitumumab RAS wild type
Carcinoma del colon-

retto

Metastatico pretrattato in monoterapia

Metastatico in combinazione con chemioterapia 

Pembrolizumab PDL-1 espressione NSCLC Metastatico in I e II linea

Farmaci registrati e rimborsati dal SSN con specifici test



Agente Biomarker Tumore
Indicazione registrativa in 
Italia (AIFA)

Gefitinib EGFR mutato
Adenocarcinoma 

del polmone

Localmente 

avanzato/Metastatico  

Erlotinib EGFR mutato Adenocarcinoma del polmone
Localmente 

avanzato/Metastatico  

Afatinib EGFR mutato Adenocarcinoma del polmone
Localmente 

avanzato/Metastatico  

Osirmetinib EGFR mutato T790M Adenocarcinoma del polmone

Localmente 

avanzato/Metastatico in PD 

dopo TKi

Crizotinib
ALK fusione

ROS1 fusione
Adenocarcinoma del polmone

Stadio avanzato in I linea e 

pretrattati

Alectinib ALK fusione Adenocarcinoma del polmone
Stadio avanzato in I linea e 

pretrattati con crizotinib

Ceritinib ALK fusione Adenocarcinoma del polmone
Stadio avanzato in PD dopo 

crizotinib

Vemurafenib BRAF mutato Melanoma Inoperabile/Metastatico

Vemurafenib/Cobimetinib BRAF mutato Melanoma Inoperabile/Metastatico

Dabrafenib BRAF mutato Melanoma Inoperabile/Metastatico

Dabrafenib/Trametinib BRAF mutato Melanoma Inoperabile/Metastatico

Farmaci registrati e rimborsati con specifici test



Evoluzione dei test nelle terapie target

 Test di sensibilità e Test di resistenza

 Test di sensibilità progressivamente 

incrementata (dal 20% allo 0,01%)

 Test per marker indipendenti dalla sede del 

tumore

 Test su tessuto per singolo gene

 Test multipli su tessuto – NGS

 Test su sangue (biopsia liquida)



Criticità

 Non associazione del farmaco al test  dell’indicazione 
registrativa

 Studi registrativi prevedono laboratori centralizzati

 Test validati commerciali disponibili

 Accesso al test

 Disponibilità di un test “di qualità” in tutto il territorio 
nazionale

 Non comparabilità del test

 Test con sensibilità differenti

 Test con parametri valutati di positività diversi

 Attribuzione della spesa del test

 Test positivi e negativi associati al farmaco

 Differente sede tra esecuzione test e erogazione della 
terapia



Genotyping and genomic profiling in personalized medicine

Li, J Clin Oncol 2013



Evolution of precision medicine 
paradigms in colorectal cancer

Dienstmann et al,  Nat Rev Cancer 2017



Methods for RAS testing

Study Method Sensitivity* RAS mutant**

FIRE-31 Pyrosequencing ≤ 5%2 15%1

OPUS3

Inostics BEAMing technology 

(detection cut-off  5%)
0.01%4

26%3

15%5CRYSTAL5

CAPRI6 NGS: Ion AmpliSeq™ Colon & Lung Cancer Panel 2%6 15.9%6

PRIME7

Bidirectional Sanger sequencing and WAVE-based 

SURVEYOR® Scan Kits (Transgenomic)

15−20% (Sanger 

sequencing)9

1% (WAVE-based 

SURVEYOR®)10

17%7

22%8PEAK8

2002040811

NGS, Sanger sequencing, and independently 

conducted WAVE-based SURVEYOR® Scan Kits 

(Transgenomic)

15–20%

(Sanger 

sequencing)9

17.6%11

De Roock 

et al12

Sequenom MALDI-TOF MassARRAY multiplex 

PCR and genotyping
5–15%12 11%***

1. Heinemann V, et al. Lancet Oncol 2014 [Epub ahead of print]; 2. Anderson SM. Expert Rev Mol Diagn 2011;11:635–42;

3. Bokemeyer C, et al. J Clin Oncol 2014;32(Supp 5):abstract 3505 (and oral presentation);

4. Aung KL, et al. Hugo J 2010;4:11–21;  5. Ciardiello F, et al. J Clin Oncol 2014;32(Suppl 5):abstract 3506 (and oral presentation);

6. Ciardiello F, et al. Ann Oncol 2014 [Epub ahead of print]; 7. Douillard J-Y, et al. N Engl J Med 2013;369:1023–34;

8. Schwartzberg LS, et al. J Clin Oncol 2014;32:2240−7; 9. Tsiatis AC, et al. J Mol Diagn 2010;12:425−32;

10. Jänne PA, et al. Clin Cancer Res 2006;12:751–8; 11. Peeters M, et al. Ann Oncol 2013;24(Suppl 4):abstract PD-0008

(and poster discussion); 12. De Roock W, et al. Lancet Oncol 2010;11:753–62.

*Values refer to the lowest percentage of MT sequence that is detectable; **KRAS exons 3 and 4 and NRAS exons 2, 3 and 4; ***selected mutations.



Costs and technologies

MacConaill, J Clin Oncol 2013



Sottogruppi a volume limitato in ambito di 
patologie neoplastiche a più ampio volume

Neoplasia N. di nuovi casi 
stimati nel 2018

Sottogruppi a volume limitato 
nella malattia avanzata

Carcinoma del 

polmone

41.500 EGFRm 1.600-1.800

T790M 600-800

ALK riarr.       500-600

ROS1riarr.     100-150

Carcinoma del 

colon-retto 

51.300 RASwt 5.200-5.800

BRAFm 1.000-1.100

H-MSI            600-800

Melanoma 13.700 BRAFm 800-1.000

Carcinoma

dell’ovaio

5.200 BRCAm 600-800

AIOM – AIRTUM, I numeri del cancro in Italia 2018







Genomic landscape before and after anti-EGFR therapy

Dienstmann et al, Nat Rev Cancer 2017

Anti-EGFR therapy
in mCRC

• Primary
resistence

• Acquired
resistence



Camidge et al,  Nat Rev Clin Oncol 2014

Mechanisms of acquired biological 
resistance to EGFR TKIs in NSCLC



Liquid Biopsy

Concept of Liquid Biopsy: Advantages of Liquid Biopsy:

• Highly compliant and minimally invasive

• Always accessible

• Tissue is not always accessible

• Fresh DNA profile

• Archival tissue can have a different 
mutation profile

• No selection bias

• Liquid biopsy accounts for tumor 
heterogeneity at primary and metastatic 
sites

• Monitoring is possible

• Reduced turn around time compared to tissue 
biopsy





Analytical Sensitivity of the Different 
Approaches Used for cfDNA Analysis

Normanno et al, Clin Treat Rev 2018

• Methods based on quantitative PCR have
a limit of detection (LoD) up to 0.005%

• The Emulsion PCR-based technologies
[Droplet Digital PCR (ddPCR) and Beads,
Emulsion, Amplification, and Magnetics
(BEAMing)] have a LoD ranging from
0.01 to 0.001%

• Technologies based on quantitative PCR
and emulsion PCR can analyze up to
hundreds bases and interrogate a limited
number of loci, usually up to 10

• Massively parallel or next-generation
sequencing (NGS) technologies allow
sequencing from 200 Kb to 3.2 Gb with a
sensitivity up to 0.01% for targeted
panels





Centri in Italia che refertano EGFRm per indicazioni 
terapeutiche nel NSCLC su biopsia liquida

Regione Numero di centri

Campania 2

Emilia Romagna 5

Friuli Venezia Giulia 2

Lazio 1

Liguria 1

Lombardia 7

Marche 1

Piemonte 3

Puglia 1

Sardegna 1

Sicilia 1

Umbria 1

Veneto 1

Tutte le regioni 27



Biopsia liquida: criticità e sviluppo

 Definire le indicazioni 
 Cliniche (richiesta per prescrizione e rimborsabilità)

 Ricerca (finalità differenti)

 Definire i requisiti per i laboratori
 Caratteristiche e volume dei laboratori

 Definire il processo pre-analitico
 Timing nella storia naturale e clinica della malattia

 Tempi e modalità di prelievo, conservazione e trasporto

 Definire il processo analitico e di refertazione
 Metodiche, test e sensibilità

 Requisiti di refertazione 

 Controllo di qualità
 Progetto Europeo e Italiano in corso



Tumor/plasma EGFR status concordance in the IFUM study

Douillard et al, Br J Cancer 2014



Acquired resistence to osirmetinib in a validation 
cohort  (N.=110) from the AURA Study

Oxnard et al, JAMA Oncol 2018 



CAPRI Study

340 RAS exon 2 wild type mCRC patients enrolled

182 patients (53.5%) with tissue available for NGS analysis

92 patients (27%) with baseline plasma sample available

Normanno et al, Ann Oncol 2017

Tissue KRAS/NRAS 

mutational status*, n

Plasma KRAS/NRAS mutational status** 

(n)

Mutated Wild type

Mutated 33 23 10

Wild Type 59 10 49

Total 92 33 59

The concordance rate of plasma and tissue testing was 78.3%

Tissue and plasma KRAS and NRAS status 

* NGS; ** BEAMing



PFS and OS of mCRC patients according to RAS test 
performed on tissue or liquid biopsy 

Tissue Testing Liquid Biopsy Testing

Normanno et al,  Ann Oncol 2017
A negative liquid biopsy might suggest a better 

outcome in RAS mutant patients







Evoluzione delle terapie target e 
indicazioni registrative

 Monoterapia in malattia avanzata in I e II
linea

 Monoterapia in malattia avanzata resistente
ad una precedente terapia target

 Sviluppo di combinazioni

 Terapia di mantenimento

 Terapia adiuvante

 Indicazioni off label



Chapman et al, N Eng J Med 2011; Haushild et al, Lancet 2012  







HER2- 80%

Δ=15.7 months

Δ=4.8 months

Resistenza a I linea- HER2 mammella



Gefitinib - Studio IPASS

Erlotinib – Studio EURTAC

Afatinib - Studio LUX-Lung 3

Mok et al, NEJM 2009
Rosell et al, Lancet Oncology 2012
Sequist et al, J Clin Oncol 2013

TKi in EGFRm NSCLC



















Commercial profile analyses

WES = Whole Exome Sequencing; WGS = Whole Genome Sequencing



Genetic Screening Programs

Institution N. Genes Cancer
Type

Tissue type

EORTC - SPECTA 

Colon/Lung

360 All Archival

Gustave Roussy -

MOSCATO

50/75 + 

aCGH

All Biopsy

MSK-IMPACT 347 All Archival

Dana Farber - PROFILE 305 All Archival

UCSF – GENOMIC 

MEDICINE

>500 All Archival

MD Anderson –

IMPACT2

315+28 All Archival

NCI-MATCH 143 All Archival



http://dctd.cancer.gov/MajorInitiatives/M-PACT_Slides.pdf



TAPUR Matching Rules

Presented By Richard Schilsky at 2016 ASCO Annual Meeting



Drugs Available in TAPUR

Presented By Richard Schilsky at 2016 ASCO Annual Meeting



The National Registry of “actionable” 
mutations – RATIONAL Study

• Prospective, multicenter,

observational, non-

interventional study

• Endorsed by AIOM and SIAPEC

• Sponsor: AIOM

• PI: Nicola Normanno

• Coordinating Center: Istituto

Nazionale Tumori “Fondazione

G. Pascale”-IRCCS, Naples,

Italy

• All Italian academic institutions

and regional hospitals



• The aim of this project is the creation of a national

network of personalized medicine that allows Italian

patients with solid tumors to access the most innovative

therapies through clinical trials

• A national register of "actionable" mutations will be

created in patients with advanced malignancies, in

which the various local and regional genomic cancer

screening initiatives can be merged (Path A)

• A limited and selected number of patients who do not

have access to pharmacogenetic characterization tests

for their neoplasm and who meet specific criteria will be

offered the possibility of free access to the

FoundationOne pharmacogenetic screening test (Path B)

The National Registry of “actionable” 
mutations - RATIONAL Study



RATIONAL Study - Criteria for the 
test FoundationOne

One of the following criteria
• Patients diagnosed with advanced non-small 

cell lung cancer (NSCLC) negative for EGFR 

mutations and ALK rearrangements;

• Patients with any tumor type (included 

NSCLC) at disease progression after targeted 

therapy;

• Patients with unknown primary tumor (CUP)

• Patients with bile duct cancer



Molecular diagnostics
Objectives

• Access

• Equity

• Quality

• Time

• Performance

• Effectiveness



First phase before 2017

Clinical needs

• AIFA registered
drug related to 
molecular test

Objectives

• Test availability
and access

• Sample 
management

• Laboratory training

Actions

• Scientific Society 
(AIOM, SIAPEC) 
activity

• National 
Recommendations

• National External
Quality Assurance 
(EQA)



Second phase after 2017

Clinical needs

• Improvement of 
molecular
selection

• From to gene 
one drug to 
multimolecular
multidrug
request

• Liquid biopsy

Objectives

• New 
organization
models

• Costs

• Management

• Time of test 
result

Actions

• National 
Agencies

• Regional
Institutions

• Network

• Two level model

• Hub model



Italian External Quality Asurance (AIOM-SIAPEC)

Test Year Registered
Centres

N.

Successful
l Centres

N. (%)

KRAS mCRC 2012 83 79 (95)

BRAF Melanoma 2012 80 73 (91)

RAS-BRAF mCRC 2014 88 79 (90)

BRAF Melanoma 2014 92 75 (69)

RAS-BRAF mCRC-

Melanoma

2017 102 82 (80)



Molecular genetics platforms in France

Nowak et al,  Nat Rev Clin Oncol 2012

• The 28 molecular genetics

centers are regional hubs for

expert molecular testing. The

centers were selected through

competitive calls for proposals

• The centers are located

throughout the country, with an

average of one center per

administrative region; their

number is not expected to

increase.

• Each molecular genetics center

is a partnership between several

university hospital and cancer

center laboratories with

complementary expertise

Country Population Molecular Lab 
Center

France 67,000,000 28

Italy 61,000,000 82



Country map with location of 28 INCa testing centers (molecular 
platforms)

28 INCa genetic molecular platforms

Melanoma

BRAF/c-KIT

Lung

Perform EGFR and ALK 

Perform reflex testing for some “Emerging 

Biomarkers”, including KRAS, BRAF and HER2 

This testing list is imposed by INCa in guidelines*

Testing results are included in the pathology 
report, generally including an indication of which 

treatment type may benefit the patient

No testing technique imposed (both kits and LDTs 

are used)

IHC

Actual coverage of ICH machines within 
Inca platforms

Dako ~38% / Ventana ~60-65% / 

Leica ~38%

The majority of IHC testing is however 
carried out by non INCa platforms

INCa Platforms cover biomarker test needs in France
The most organized oncology testing structures in the 

world

* ROS1, CMET & NRAS can also sometimes be included in panel of tests performed reflexively, 

but are not included in INCa guidelines

Types of Testing Centers
# of Testing 

Centers

Major labs – INCa molecular 

genetic platforms

• Specialized Oncology Centers

• University Hospitals

28

20

8

Major Private Labs (Cerba, 

Biomnis)
2

Community based labs 2000

Public hospitals 350





Funzione della Rete Interprovinciale/Regionale

• Identificare centri con adeguata esperienza e dotazione tecnologica

in grado di rispondere alle esigenze presenti e future di test per

biomarcatori nella pratica clinica

• Stabilire le modalità di interazione tra laboratori di riferimento inter-

provinciale, regionale e centri periferici

• Definire le procedure di raccolta di campioni biologici adeguati ai

test per biomarcatori

• Armonizzare procedure di analisi e di refertazione

• Definire un sistema comune di rimborso dei test

• Creare un database regionale per la raccolta dei dati delle analisi

molecolari

• Monitorare l’andamento dei test per i biomarcatori in funzione della

epidemiologia regionale e dell’appropriatezza dell’impiego di

farmaci biologici



Model 1 – Two Level Centers

• Clinical
practice test

• Experimental
test

Oncologist

• cKit, HER2, 
PD-L1, ALK, 
ROS1

• RAS, BRAF, 
EGFR

• MMR

I Level Center

Local

(Pathololgy/Mo
lecular

Biology)

• BRCA

• Rare targets 
(fusions, ecc.)

• Liquid biopsy

• Experimental
targets

• TMB

• NGS

• Technology 
Platform

II Level Center

Interprovincial/
Regional

(Patholoy/Mole
cular Biology)



Model 2 - High Volume Center

• Clinical practice test

• Experimental test

Oncologist

• cKit, HER2, PD-L1, ALK, 
ROS1

• RAS, BRAF, EGFR

• MMR

• BRCA

• Rare targets (fusions, ecc.)

• Liquid biopsy

• Experimental targets

• TMB

• NGS

• Technology Platform

High Volume Center

Interprovincial/Regional

(Pathology/Molecular
Biology)



Molecular Tumor Board

Genetics experts oncologists, pathologists,

pharmacologists, pharmacists, cancer researchers

Submit pathology or genomics analysis

Recommendations

• Clinical trial

• Off-label treatment

• Standard 

treatment (not 

targeted)



Objectives of Inter-Provincial/Regional
Molecular Tumor Board

• Trend and results evaluation of test and

correlation to epidemiological data biological

drug

• New target and test, new technologies, clinical

and traslational studies

• Regional database

• Quality Assurance System


