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Issues for the development of molecular 

targeted therapies in cancer 

 Identify a relevant molecular target for cancer development and/or 

progression. 

 Develop anti-targeted agents which could be used as drugs. 

 Identify patients whose cancers depend on the molecular target for 

growth and/or progression. 

 Define one or more biomarkers for patient selection before treatment. 

 Define optimal strategies for the use of the molecular targeted drug 

in combination and/or in sequence with conventional treatments 

(radiotherapy, surgery, chemotherapy). 

 Manage novel side effects and toxicities. 

 Identify and possibly overcome mechanisms of acquired resistance 

to molecular targeted therapies. 



The ideal predictive biomarker  

 Should be based on scientific evidence and should be 

understood mechanistically 

 

 Should be measured reproducibly with high 

sensitivity and specificity using the patient material 

before selecting the treatment 

 

 Should have a clinically relevant impact on treatment 



The era of personalized medicine  

for medical oncology 

• Anti-EGFR monoclonal antibodies have been approved for the 

treatment of patients with EGFR-expressing, KRAS wild-type 

metastatic colorectal cancer by EMA in 2008 

 

• Gefitinib has been approved for the treatment of patients with 

EGFR mutant metastatic NSCLC by EMA in 2009 

 

• Vemurafenib has been approved by EMA in 2012 for treatment of 

matastatic melanoma patients with BRAF mutations 

 

• Crizotinib has been approved for the treatment of patients with 

ALK positive metastatic NSCLC by EMA in 2012 

 

• The use of Anti-EGFR monoclonal antibodies has been restricted 

to RAS wild-type metastatic colorectal cancer by EMA in 

2013/2014 



An example of a predictive biomarker for 

therapy: 

 

 

RAS mutations and the use of anti-EGFR 

monoclonal antibodies in metastatic 

colorectal cancer (mCRC) 



Ciardiello F and Tortora G. New Engl J Med 2008;358:1160–74. 
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ErbB Family Members Collaborate Within 

 a Framework of a Layered Signaling Network 



Normanno N et al. Nat Rev Clin Oncol 2009 

 



Anti-EGFR drugs as monotherapy in unselected  

chemorefractory metastatic CRC : clinical results 

                                    Non-Responders                  SD     PR 

  10%           30%                                   60% 

Non-EGFR-dependent Growth EGFR-dependent Growth 



EGFR inhibitors: 

Potential positive predictive factors 

Predictive of efficacy: 
 
 Markers of EGFR activation 

 
– Immunohistochemistry (IHC) 
– Fluorescence in situ hybridization (FISH) 
– Gene mutations 
– Gene expression levels 
– Gene polymorphisms  

 
 

 Markers of EGFR ligand (amphiregulin, epiregulin) 
activation 
 
– Immunohistochemistry (IHC)  
– Gene expression levels  

 
 

 



EGFR inhibitors: 

Potential negative predictive factors 
 
 
Predictive of lack of efficacy: 
 
 Markers of activation of EGFR-independent signalling 

pathways in cancer cells: 
 
– Intrinsic resistance to EGFR inhibitors. 

 
– Acquired resistance to EGFR inhibitors. 
 
 

 
 

 



Possible Mechanisms of Intrinsic and 

Acquired Resistance to EGFR Inhibitors 

 Target changes in cancer cells (selection of cancer cell clones with 
somatic EGFR gene mutations which confer resistance, i.e. the 
T790M mutation in lung adenocarcinoma, the S492R mutation in 
colon adenocarcinoma). 

 

 Activation of downstream signaling pathways through EGFR-
independent mechanisms: 

– Other cell membrane growth factor receptors (IGF1-R; ErbB2; 
ErbB3; MET); 

– PTEN-PI3K-AKT pathway; 

– RAS-RAF-MEK-ERK pathway; 

– Pro-angiogenic growth factors (VEGF) production; 

– Expression of VEGFRs in cancer cells. 

 

 Epithelial to mesenchimal cancer cell transition (loss of E-
Cadherin expression; acquisition of Vimentin expression). 



KRAS and NRAS are involved in the 

EGFR pathway in CRC  

 Activating KRAS or NRAS gene mutations are early events in the 
multi-step CRC carcinogenesis process:  

– Detected as early as in aberrant crypt foci 

– Detected in approximately 50 to 55% of patients 
with CRC 
 

 Hot spot point mutations mainly within exon 2, 3 or 4 of the RAS 
genes result in the translation of a constitutively active RAS 
protein 

 

 A constitutively active RAS protein is able to promote cancer cell 
growth and survival through the RAF-MEK-ERK and PI3K-AKT 
pathways independently from EGFR signaling 

 

 



Normanno N et al., Nature Reviews Clinical Oncology, 6:519-27, 2009 



Molecular pathology in Italy 

• A few Italian laboratories were equipped for 

molecular pathology in 2008. 

 

• Uneven distribution of laboratories in the country 

(Nord>Center>South). 

 

• Health system organized on a regional basis, with 

significant differences between regions. 

 

• No guidelines or EQA programs from regional or 

national Departments of Health. 



  

• To provide to each Italian cancer patient a 

validated test for a biomarker of clinical use. 

 

• Aims: 

• Appropriate clinical indication   

• Appropriate methodology 

• Appropriate results for clinical practice 

 

 

 

 

Italian project for the molecular 

characterization of cancers for 

therapeutic intervention 



Activity of the AIOM-SIAPEC Board 
Aims KRAS 

CRC 
EGFR 

NSCLC 
ALK 

NSCLC 
BRAF 

Melanoma 

Organize working 
groups  on specific 
topics 

Meeting Sept 
2008 

Meeting Oct 
2009 

Meeting June 
2011 

Meeting Sept 
2011 

Outline guidelines February 
2009 – 
November 
2010 

May 2010 June 2012 June 2012 

EQA programs Completed 
2010, 2012. 
Ongoing 
2014 

Completed 
2011 

Completed 
2013 

Completed 2012 

Training 3 Courses 
2011, 2012, 
2013 

3 Courses 
2011, 2012, 
2013 

3 Courses 
2012, 2013 

3 Courses 2012, 
2013 



KRAS-Active Network 

Involved: 

18 Referral Laboratories 

570 oncologists 

and 190 pathologists 

More than 15.000 samples 

were  examined 

(March 2009 – March 2014) 



KRAS mutation analysis was performed by PCR-Sanger sequencing, 
real time PCR or other techniques (Pyrosequencing, Strip Assay). 

Mutations by Techniques 

38% 

 Sequencing                                      Others                                   Real-Time PCR 

P<0.0001 

P<0.008 

(N=5207)  (N=999) (N=479) 

47% 43% 

Marchetti et al. AIOM 2011 







EGFR MoAbs in CRC 

Normanno Nat Rev Clin Oncol 2009 

• EGFR monoclonal antibodies 

have been approved for the 

treatment of patients with wild-

type RAS  metastatic colorectal 

cancer by EMA  

 

• Therefore, RAS testing should 

be performed only in metastatic 

colorectal carcinoma patients 

undergoing treatment with 

EGFR monoclonal antibodies 
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Stintzing S, et al. ECC 2013 (Abstract No. LBA17) 
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Comparison of methodologies 

Study Method Sensitivity* RAS mutant 

FIRE-31 Pyrosequencing ≤5%2 15% 

OPUS3 Inostics BEAMing technology  

(detection cut-off 0.1%) 
0.01%4 32.2% 

CAPRI5 Next-generation sequencing: Ion AmpliSeq™ 

Colon and Lung Cancer Panel 
2%5 15.9% 

PRIME6 

Bidirectional Sanger sequencing and WAVE-

based SURVEYOR® Scan Kits 

(Transgenomic) 

10−20% (Sanger 

sequencing)8 

1% (WAVE-based 

SURVEYOR®)9 

17% 

 

22% 
PEAK7 

200204088 

Next-generation sequencing, Sanger 

sequencing, and independently conducted 

WAVE-based SURVEYOR® Scan Kits 

(Transgenomic) 

10–20% (Sanger 

sequencing)8 
18.1% 

De Roock  

et al10 

Sequenom MALDI-TOF MassARRAY 

multiplex PCR and genotyping 
5–15%10 11%** 

1. Stintzing S, et al. ECC 2013 (Abstract No. LBA17); 2. Anderson SM. Expert Rev Mol Diagn 2011;11:635–642; 3. Data on file;  

4. Aung KL, et al. Hugo J 2010;4:11–21; 5. Ciardiello F, et al. ECC 2013 (Abstract No. LBA31); 

6. Douillard J-Y, et al. N Engl J Med 2013;369:1023–1034; 7. Karthaus M, et al. ECC 2013 (Abstract No. 2262);  

8. Peeters M, et al. WCGC 2013 (Abstract No. PD-0008); 9. Jänne PA et al. Clin Cancer Res 2006;12:751–758;  

10. De Roock W, et al. Lancet Oncol 2010;11:753–762 

 

  

*Values refer to the lowest percentage of mt sequence that is detectable; **selected mutations 

 

  



AIOM-SIAPEC RAS scheme 2014 

• RAS EQA 2014 Board: M. Barberis, F. Castiglione, C. 
Clemente, G. De Rosa, F. Fenizia, G. Fontanini, A. Marchetti, 
N. Normanno, C. Pinto, G. L. Taddei  

• EQA programs aimed to assess only genotyping: samples do 
not require dissection (>70% neoplastic cells; >20% mutant 
alleles as assessed by NGS) 

• 10 cases for each round, validated by: pyrosequencing, 
Sequenom, Sanger sequencing and/or NGS (Ion Ampliseq 
Colon and Lung Cancer Panel) 

• Centers are asked to run the molecular analysis with the 
technique that they routinely use within a 3-week 
timeframe 

 



Methods used for KRAS testing   
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Methods used for NRAS testing   
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Error rate in III Italian EQA Program for RAS 
mutations 

2 rounds within the same year 
 
9/88 centers failed in total,  while 79/88 passed the III Italian National EQA 
Program for RAS mutations 

 

90% 

10% 

passed

not passed



Global time (days) from the request of 
the test to the results of the test for 

RAS in mCRC 

Fonte: Aktive – Aprile 2014 

3.412 test 

3.122 test 

3. 226 test 

2.784 test 

1490 test 

1.524 test 



Organization models and critical points 

PARAMETERS CRITICAL POINTS 

Amount of biological material Surgical specimen, biopsy, citological sample, 
Tissue-Cells Saving/storage 

Quality of biological material Pre-analitical phase 

Representativeness of the sample 
 

Tissue dissection. DNA extraction 

Appropriatness of the methods Availability of different technologies 

Quality of the report Immediate interpretation by the clinician 
according to drug registration 

Total time of testing ≤ 7-15 days 

Workflows 
 

Pathology lab/Referral Center (Centralizzation) 
/Network 

Costs 250-800 Euros 





FLASH KRAS Study (France in 2011) 

 

 Time from diagnosis of mCRC : 40% within one month;  median, 15 days 

 Time to send the sample to the lab: median, 6 days  

 Time from sample shipment to the result: median, 11 days 

 Global time to obtain the results: median, 19 days 

 KRAS test results available before first line: 43,4% of patients 

 

 

Duration of the whole process of KRAS testing 

Lièvre et al, Eur J Cancer 2013 



Organization of the European KRAS 
scheme 

Bellon Oncologist  2011 

In total, 59 labs 

from 8 different 

European countries 

participated in the 

regional KRAS 

EQA scheme in 

2009. 



Results of the ESP KRAS schemes 

• 2009 

• 59 laboratories 

• 22% made genotyping 
errors 

• 8% technical failures  

• The majority of the errors 
were false-positive (3) or 
false-negative results (6) 

• 2012 

• 105 laboratories 

• 27% made genotyping 
errors 

• 20% reported a technical 
error 

• 9 false positives and 29 
false negatives occurred; 
10 cases with an incorrect 
mutation reported. 

Bellon Oncologist  2011 Tembuyser J Mol Diagn 2014 



European External Quality Assurance in Molecular Pathology 
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Introduct ion
Tumour classification has historically been 

based on histological and immunohisto-

chemical analysis of tumour tissues, and 

patient-treatment strategies have been 

chosen according to clinical and patho-

logical criteria. However, in the past decade, 

new classifications of malignant diseases 

based on the identification of specific molec-

ular alterations have emerged.1 Each type of 

cancer can be categorized into biological 

subsets according to differences in clini-

cal behaviour and responses to treatment. 

Lung adenocarcinoma, for example, can be 

subdivided into several rare subtypes based 

on the presence of EGFR, KRAS, BRAF and 

HER2 mutations and ALK translocations. 

Breast cancer with HER2 overexpresssion 

and melanoma with BRAF mutations are 

also molecularly-stratified cancer subsets.

Advances in the molecular profiling of 

tumour tissues have opened up an era of per-

sonalized, or biologically adapted, cancer 

treatment where therapies are matched 

to the molecular profile of the individual 

tumour. The challenge is to give the right 

drug to the right patient by selecting the 

most-effective therapy and avoiding ineffec-

tive, toxic and expensive treatments. In the 

past decade, several targeted therapies for 

molecularly-defined subsets of cancers have 

been successfully introduced into clinical 

practice (Table 1). These include imatinib, 

which has dramatically improved the prog-

nosis of patients with chronic myeloid 

leukaemia with BCR–ABL trans location.2 

As an inhibitor of the KIT protein and 

platelet-derived growth factor receptor A 

(PDGFRA), imatinib also displays potent 

antitumour activity in gastro intestinal 

stromal tumours (GIST).3,4 Gene mutations 

or gene-expression patterns now guide 

therapy for a variety of solid tumours such 

as breast and gastric cancers (HER2 over-

expression), lung cancer (EGFR mutations) 

and colorectal cancer (KRAS mutations).5–11 

Molecular characterization of tumours 

has, therefore, become a decisive factor 

in the choice of therapeutic strategies for  

patients with cancer, and drug approvals  

for molecularly-stratified tumour subgroups 

make molecular testing mandatory.

In order to ensure wide access to tumour 

molecular profiling, the French National 

Cancer Institute (INCa) and French Ministry 

of Health have set up a national network 

of 28 regional molecular genetics centres. 

The initiative has now been operational for 

4 years and has been successful in meeting its 

initial aims of uniform nationwide test provi-

sion and fast implementation of molecular 

tests for new tumour biomarkers.

Implementat ion challenges
Ensuring equal access to personalized cancer 

treatment is now a public health require-

ment. However, there are several challenges 

that must be overcome: once molecular tests 

are introduced into clinical practice they 

must be provided nationwide, the timeli-

ness of test results must be compatible with 

normal patient care, and the quality of tests 

must be guaranteed to avoid uninformative, 

false-positive or false-negative results that 

could adversely affect patient prognosis or 

expose them to unnecessary adverse effects. 

Several logistical and technical issues must be 

addressed in order to meet these objectives.

Logistics of test provision

Although the number of approved targeted 

cancer therapies for tumour molecular- 

profile-defined patient subgroups is small, 

the drugs are indicated for the treatment  

of very-common cancers, including three of  

the four most-common types: colo rectal,  

lung and breast cancer (Table 1). The 

number of patients who require molecular 

testing is, therefore, very large. Targeted 

therapies have been approved for meta-

static colorectal, lung and breast cancer and 

an adjuvant targeted therapy has also been 

approved for breast cancer.12 Approximately 

45% of patients with colorectal cancer and 

87% of patients with non-small-cell lung 

cancer (NSCLC) either present with, or 

later develop, metastatic disease so will 

require tumour molecular profiling.13–15 The 

HER2 status of all newly diagnosed patients 

with breast cancer must be determined by 

immuno histochemistry (IHC) and fluores-

cence in situ hybridi zation (FISH) analysis is 

required for the 15% of these patients with 

weak or intermediate IHC-positive results. 

Considering only these three cancer locali-

zations, more than 40,000 patients must 

undergo molecular testing in France in 2012, 

a country that has a population of 65 million 

people where 365,000 new cases of cancer 

are reported annually (Table 2).16

Tumour molecular profiling for deciding 
therapy—the French initiative

Frédérique Nowak, Jean-Charles Soria and Fabien Calvo

Abstract | The use of tumour molecular profiles for therapeutic decision making 

requires that molecular diagnostics be introduced into routine clinical practice. To 

this end, the French National Cancer Institute and French Ministry of Health have 

set up a national network of 28 regional molecular genetics centres. These facilities 

perform selected molecular tests, free of charge, for all patients in their region, 

regardless of the institution where they are treated. A specific programme has 

also been implemented to anticipate the launch of new targeted treatments and 

reduce time-to-access to new drugs and experimental therapies. In 2011, 55,000 

patients with cancer in France benefited from molecular predictive tests. The French 

nationwide initiative for tumour molecular profiling is a tool to fight inequalities in 

access to molecular testing and targeted therapy, and demonstrates that molecular 

stratification of tumours for therapeutic decisions is a cost-effective strategy that can 

be successfully integrated into the health-care system.

Nowak, F. et al. Nat. Rev. Clin. Oncol. 9, 479–486 (2012); published online 10 July 2012;  

doi:10.1038/ nrclinonc.2012.42
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Molecular genetics platforms in France 

Nowak 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  
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sarcomas, leukaemias and lymphomas), 

prognostic tests (such as FLT3 and NPM 

mutation detection to guide acute myeloid 

leukaemia treatment) and tests for moni-

toring of minimal residual disease (such 

as quantitative detection of BCR–ABL for 

chronic myeloid leukaemia patients treated 

with tyrosine kinase inhibitors [TKIs]) 

(Table 3). This testing is performed pro-

vided that such assessments have demon-

strated unambiguous benefits for patient 

diagnosis or care. Less-common molecular 

tests such as KIT and PDGFRA screen-

ing of GIST are centralized in specialized 

centres to ensure that resources are not scat-

tered and that each centre must perform a 

minimum number of tests.

Molecular tests are free of charge for 

patients or health institutions and the 

centres compensate local pathologists for 

tumour block shipment, a logistical burden 

with the increasing number of samples to 

be tested. Interestingly, a median of 8 days 

was needed in 2011 at the national level 

to produce an EGFR or KRAS mutational 

status upon receipt of the tumour block by 

the ad hoc centre. The centres coordinate 

their activities at the regional level and are 

responsible for optimizing logistics for 

the circulation of prescriptions, tumour 

samples and molecular reports in order to 

minimize test result delivery times. They 

are also responsible for distributing molec-

ular testing, tumour sampling and tumour 

tissue fixation guidelines to local clinicians 

and pathologists.

A national network

INCa is responsible for coordinating the 28 

regional molecular genetics centres at the 

national level. This project involves moni-

toring national activities, making recom-

mendations for the implementation of new 

molecular tests, managing funding alloca-

tion, drafting quality assurance and organi-

zation guidelines, and setting up external 

quality evaluation programmes (initially for 

BCR–ABL quantification, KRAS and EGFR 

testing). INCa also promotes the develop-

ment of a collaborative network between 

centres to share expertise and facil itate 

troubleshooting. Thus, all the professionals 

involved in molecular testing are part of a 

multi-level national network that optimizes 

organization, fosters standardization and 

ensures top-quality molecular testing.

The national network of molecular genet-

ics centres constitutes a highly valuable 

source of scientific knowledge as it collects 

molecular results that can be linked with 

epidemiological, clinical, histological, thera-

peutic and patient follow-up data. An INCa-

funded lung cancer database coordinated 

by clinicians (Intergroupe Francophone  

de Cancérologie Thoracique) and centre 

representatives has been set up to facilitate 

sharing of lung cancer data.40 

Funding

The French network of molecular genetics 

centres is funded by INCa and the French 

Ministry of Health. During the set-up phase, 

INCa allocated €4.7 million for the purchase 

of equipment; this initial funding was fol-

lowed by the allocation of €4 million in 

annual funding for the centres and staff from 

the French Ministry of Health. Additional 

specific funding was required following 

the authorizations of panitumumab and 

cetuximab for patients with wild type KRAS 

because a sharp increase in molecular- 

testing activity was expected. INCa allocated 

an additional €2.5 million funding for KRAS 

mutation screening to the 2008 budget. 

Table 3 | Molecular tests performed in France in 2011 by the 28 molecular genetics centres

Biomarker Cancer Clinical indication or application

Predictive 

BCR–ABL translocation Chronic myeloid or acute lymphoblastic leukaemia Prescription of imatinib, dasatinib or nilotinib

ABL mutation Chronic myeloid or acute lymphoblastic leukaemia Predicts resistance to tyrosine kinase inhibitor therap y and aids 

second-line treatment decisions

KIT and PDGFRA mutations Gastrointestinal stromal tumour s Prescription of imatinib

HER2 ampli cation Breast cancer Prescription of trastuzumab and lapatinib

HER2 ampli cation Gastric cancer Prescription of trastuzumab

KRAS mutations Metastatic colorectal cancer Prescription of panitumumab and cetuximab

EGFR mutations Lung cancer Prescription of ge tinib and erlotinib

Diagnostic 

JAK2 V617F mutation Suspected myeloproliferative syndrome Differential diagnosis

Microsatellite instability HNPCC spectrum cancers Diagnosis of suspected hereditar y forms

Speci c chromosomal abnormalities Sarcomas Aids diagnosis and/ or subtype classi  cation

Speci c chromosomal abnormalities Non-Hodgkin lymphomas Aids diagnosis and/ or subtype classi  cation

Speci c chromosomal abnormalities Haemopathies Aids diagnosis and/ or subtype classi  cation

1p/ 19q co-deletion Brain tumours Aids diagnosis and/ or subtype classi  cation

B-cell or T-cell clonality Non-Hodgkin lymphomas Aids diagnosis of lymphoma and/ or reactional lymphoproliferation

Prognostic 

MYCN ampli cation Neuroblastoma Contributes to treatment guidance

FLT3 and NPM mutations Acute myeloid leukaemia Contributes to treatment guidance

Speci c chromosomal abnormalities Haemopathies Contributes to treatment guidance

BCR–ABL transcript level 

of expression 

Chronic myeloid or acute lymphoblastic leukaemia Monitoring of minimal residual disease 

Abbreviation: HNPCC, hereditary nonpolyposis colorectal cancer.

PERSPECTIVES

© 2012 Macmillan Publishers Limited. All rights reserved

Nowak Nat Rev Clin Oncol 2012 
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INCa used quarterly reports to monitor the 

activity of the centres and adjust the overall 

budget and its allocation accordingly. This 

additional finance was then followed by 

recurrent annual funding from the French 

Ministry of Health. Likewise, €1.7 million 

was allocated in 2009 for EGFR screening in 

lung cancer following the approval of gefi-

tinib by the European Medicines Agency for 

patients with an activating EGFR mutation 

in their tumours. The reactive two-stage 

funding process enables quick access to 

targeted therapies at the national level and 

helps to optimize resources.

New-therapy programme

In order to face the increasing complexity 

of testing several biomarkers on the same 

tumour sample and to further increase the 

reactivity of the French molecular testing 

organization, a programme of prospective 

detection of emerging biomarkers was set 

up. The main objective of the programme is 

to facilitate the immediate provision of rele-

vant molecular testing to patients through 

the regional centres as soon as new targeted 

therapies become available. The programme 

targets biomarkers for which clinical trials 

for stratified subgroups of patients are cur-

rently ongoing; it was first launched for 

melanoma, lung and colorectal cancer. As 

it was initially designed for cancer types, 

or subtypes, for which tumour samples are 

already sent to centres for routine molecu-

lar testing, the logistics for test provision 

were already in place. The programme also 

focuses on cancer types for which predic-

tive biomarkers are on the verge of entering 

into clinical practice. Since the beginning of 

2011, lung tumour samples sent to a centre 

for EGFR mutation screening have also 

been screened for BRAF, KRAS, PI3KCA 

and HER2 mutations, as well as for the ALK 

gene translocation. Melanoma samples are 

screened for both BRAF and KIT mutations. 

The 28 centres received €3.5 million for 

this purpose in late 2010 and €2.8 million 

in 2011. As an additional benefit, patients 

identi fied as carr iers of these molecu-

lar alterations can be referred for clini-

cal trials and benefit from early access to 

innovative drugs.

Access in 2011

The dynamics of access to molecular 

testing in France is monitored by INCa. 

Annual activity reports from each of the 28 

centres are combined to provide a national 

summary. In 2011, more than 55,000 

patients benefited from molecular predictive 

tests (Table 4); 6,497 patients with chronic 

myeloid leukaemia or acute lympho blastic 

leukaemia were tested for  BCR–ABL 

translocation either by FISH or reverse- 

transcription PCR. The translo cation was 

identified in 1,228 patients (18.9%) who 

were then eligible for imatinib, dasatinib 

or ni lotinib treatment. Whilst receiving 

TKI treatment, 13,750 patients underwent 

BCR–ABL quantification for monitoring 

of minimal residual disease, with 28,607 

analyses performed (2.1 tests per patient 

per year). ABL mutation screening was per-

formed for 861 patients who were resistant 

to frontline TKI treatment; 202 (23.4%) of 

these patients carried an ABL mutation in 

their tumour cells, which served to guide 

the choice of their second-line treatment.41

In 2011, predictive molecular testing of 

solid tumours was carried out for 47,685 

patients. The number of tests for KIT and 

PDGFRA mutations in patients with GIST, 

and HER2 status determination of breast 

tumours is expected to either remain stable, 

or slowly increase in a linear fashion from 

one year to the next. However, a sharp 

increase in KRAS and EGFR mutation 

screening of colorectal and lung cancers 

was seen after anti-EGFR and TKI-EGFR 

therapy approvals (Figure 2). In 2009, 17,250 

patients benefited from KRAS mutation 

screening compared to only 1,100 in 2007. 

The activity stabilized as expected from 

2010, with KRAS testing of 16,581 patients 

in 2010 and 17,003 in 2011. INCa guide-

lines recommend EGFR mutation screen-

ing for all patients with advanced-stage or 

metastatic non-squamous NSCLC.42 EGFR 

testing was performed for 16,834 patients in 

2010, versus 2,667 in 2009, which represents 

a 6.3-fold increase within 1 year. 20,750 

patients benefited from EGFR screening in 

2011. These examples demonstrate that the 

regional molecular genetics centres are able 

to rapidly provide a new molecular test for a 

large number of patients.

The number of molecular tests performed 

by the 28 centres in 2011 matches the esti-

mated number of patients who required 

molecular testing (Table 2). Information 

on the origins of prescriptions confirmed 

that French health needs are appropriately 

covered. In 2011, 70% of KRAS testing and 

60% of EGFR testing were performed for 

private institutions and local public hospi-

tals; this outcome confirms that molecular 

tests are indeed performed for all patients, 

regardless of the institution where they are 

treated. The data indicate that 2,085 patients 

with lung cancer (10.0%) had tumours with 

an EGFR mutation and were, therefore, eli-

gible for gefitinib treatment, whereas 6,626 

patients with colon cancer (39.0%) har-

boured a KRAS mutation in their tumour 

and were ineligible for anti-EGFR treat-

ments. These results are in keeping with 

data from the literature.10,43,44 For patients 

with colon cancer who were tested for 

KRAS mutations, 2.9% were not able to 

Table 4 | Tumour molecular profiling in France in 2011

Cancer Biomarker Number of patients tested Number of positive results*   
(% of patients tested)

Chronic myeloid or acute lymphoblastic leukaemia BCR–ABL translocation 6,497 1,228 (18.9)

Chronic myeloid or acute lymphoblastic leukaemia BCR–ABL transcript level of expression 13,750 (total of 28,607 tests) Not determined 

Chronic myeloid or acute lymphoblastic leukaemia ABL mutations 861 202 (23.4)

Gastrointestinal stromal tumour s KIT mutations 944 532 (56.4)

Gastrointestinal stromal tumour s PDGFRA mutations 880 111 (12.6)

Breast cancer HER2 ampli cation 8,545 1,820 (21.3)

Gastric cancer HER2 ampli cation 443 115 (26.1)

Colorectal cancer KRAS mutations 17,003 6,626 (39.0)

Lung cancer EGFR mutations 20,750 2,085 (10.0)

* Data are missing for some molecular genetics centres; estimations are based on available data.
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Molecular pathology in Europe: 

the need of the medical oncologist 

• Establish common rules for reporting i.e. medical 

oncologists should find in the report a minimum level of 

information independently from the country in which the 

test was performed: 

 

– The percentage of neoplastic cells in the specimen 

– The technique used for testing 

– The sensitivity of the test 

– The mutation identified (nucleotide and amino acid 

change) 

 

    An European form for reporting in molecular pathology? 

 

 



Conclusions 

 Biomarker assessment for the use of molecular targeted 

therapies is being performed in Europe in clinical 

practice. 

 

 However, several critical issues need to be solved for an 

appropriate use of predictive molecular biomarkers: 

– Cost and reimbursement policies 

– Methodology and reproducibility of the results 

– European-driven quality control schemes 

– Availability of the results in time before starting 

treatment 

– Major differences in different European countries 


