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ABSTRACT AND HIGHLIGHTS 
 The INCA and DGOS have been supporting a national network of 28 hospital molecular 

molecular genetics platforms throughout France since 2006. They include several 
laboratories, which may belong to various institutions, offering patients all essential 
molecular genetics techniques for all relevant diseases. 

 

 The platforms perform innovative molecular testing that: 
o determines access to targeted therapy; 
o guides the diagnostic process; 
o contributes to establishing a diagnosis in addition to clinical, morphological 

and biological parameters; 
o guides patient treatment strategy; 
o allows monitoring of residual diseases. 
 

 Molecular tests conducted by the platforms are relevant to a large number of 
diseases, some of which are common such as lung cancer, colorectal cancer or breast 
cancer. 

 

 The platforms perform a large number of tests. They have access to a battery of 
44 different tests. 160,000 tests were performed on 102,000 patients in 2009:  

o 17,200 patients were screened for KRAS mutation in colorectal cancer; 

o 12,500 patients were screened for JAK2 mutation in myeloproliferative 
disorders; 

o 22,100 BCR-ABL quantification tests were performed on 8,200 patients with 
CML, etc… 

 

 They perform testing of all patients in the region, regardless of the institution where 
they are treated, i.e. university hospitals, cancer centers, hospital centers or private 
institutions:  

o 28 % of external requests for BCR-ABL quantification in CML; 

o 69 % of external requests for KRAS mutation testing in colorectal cancer; 

o 56 % of external requests for translocation testing in sarcomas. 
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I. INTRODUCTION 

The identification of genetic mutations in cancer cells has allowed new molecular biomarkers 
to be identified. These parameters are now essential for the diagnosis, classification, 
selection and monitoring of treatment of an increasing number of cancers. The analysis of 
these biomarkers must therefore be accessible to all patients, regardless of the healthcare 
facility where they are treated. 

To anticipate this emerging health need, the INCA developed a special program in 2006 to 
support the organization of molecular genetics. 

To date, the INCA and DGOS have been supporting a national network of 28 hospital molecular 
genetics platforms throughout France since 2006 (Figure 1). The platforms include several 
laboratories, which may belong to various institutions, to offer patients all essential 
molecular genetics techniques for all relevant diseases. 

Their purpose is to offer innovative molecular tests to all patients in the region, regardless of 
the institution where they are treated, i.e. university hospitals, cancer centers, hospital 
centers or private institutions. The aim is therefore to organize an adequate nationwide 
network so that tumor samples sent to the normal anatomical pathology or hematocytology 
laboratories can be processed rapidly in a centralized unit with which they have organized 
links.  

The development of these platforms is part of the implementation of measure 21 of the 
Cancer Plan 2009-2013, "Guarantee equal access to innovative and existing treatments".  

The 28 platforms send an annual report on their activity to the INCA, and they are used as the 
basis for a national summary and to allow the system to be monitored. The 2007 and 2008 
activity reports are posted online on the INCA’s website (www.e-cancer.fr).  

This document presents a summary of the activity of the French national network of 28 
hospital molecular genetics platforms in 2009. 
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Figure 1: Hospital molecular genetics platforms 
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II. SUMMARY OF ACTIVITY DATA  

Unit activities can be classified according to the kind of markers used in patient care: 

 predictive markers that determine access to targeted therapy; 

 markers guiding the diagnostic process; 

 markers that contribute to establishing a diagnosis in addition to clinical, 
morphological and biological parameters; 

 prognostic markers guiding patient treatment strategy; 

 markers allowing the monitoring of residual diseases (Table 1). 

 

The data sent by the units is used to monitor: 

 the trend in the number of tests performed each year and the number of patients 
undergoing these tests; 

 the percentage of patients found to have a molecular abnormality and the 
distribution of this data per laboratory. This figure is used to estimate compliance 
with molecular testing guidelines by highlighting percentages that are above or below 
the expected value. This indicator was not surveyed until 2009. Monitoring its 
evolution over the next few years will highlight possible extensions or restrictions on 
requests. In addition, excessive deviation from the median by a particular laboratory 
may raise questions about a possible quality problem leading to abnormally high rates 
of false positives or false negatives; 

 the percentage of patients for whom a result could not be delivered and the 
distribution of this data per laboratory are indicators of the quality of the 
preanalytical and analytical phases of the test;  

 the distribution of activity between platforms; 

 the origin of requests, drawing a distinction between requests coming from outside 
institutions, from hospital centers, from private healthcare facilities and from other 
platforms. Activity coming from local and private hospitals outside institutions helps 
track how well the platform is integrated in regional healthcare provision. The latter 
item shows how often individual platforms perform specific activities on a referral 
basis for healthcare facilities outside their region. It should be noted that it was not 
always possible to clearly distinguish this activity from the regional activity 
performed. 
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Table 1: Markers studied by the molecular genetics platforms in 2009  

Predictive markers determining access to targeted therapy 

BCR-ABL translocation 
1- BCR-ABL screening 
2- BCR-ABL quantification 
3- ABL mutation 

Chronic myeloid 
leukemia  
 
Acute lymphoblastic 
leukemia 

Prescription of imatinib 
1- Prescription of imatinib 
2- Monitoring of residual disease 
3- Resistance to imatinib / prescription 
of a second line treatment 

KIT and PDGFRA mutations GIST Prescription of imatinib 

HER2 amplification Breast cancer 
Prescription of trastuzumab in 
metastatic breast cancer and as an 
adjuvant in early breast cancer 

HER2 amplification Gastric cancer Prescription of trastuzumab in 
metastatic gastric cancer 

KRAS mutations Metastatic colorectal 
cancer 

Prescription of panitumumab and 
cetuximab  

EGFR mutations  Lung cancer  Prescription of gefitinib and erlotinib  

Markers guiding the diagnostic process; 

JAK2 V617F mutation 
Suspicion of 
lymphoproliferative 
syndrome 

Differential diagnosis 

Microsatellite instability 
BRAF mutation 
MLH1 promoter methylation  

HNPCC spectrum cancer Suspected hereditary form of cancer 

Markers contributing to the establishment of a diagnosis in addition to clinical, morphological and 
biological parameters  

Specific chromosomal abnormalities  Sarcomas 

Aid in the diagnosis / classification into 
subtypes 

Specific chromosomal abnormalities  Non-Hodgkin’s 
lymphomas 

Specific chromosomal abnormalities 
other than BCR-ABL 

Hemopathies 

1p/19q codeletion Brain tumors 

B/T clonality Non-Hodgkin’s 
lymphomas  

Diagnosis of lymphoma / reactional 
lymphoproliferation 

Prognostic markers contributing to patient treatment guidance; 

NMYC amplification Neuroblastoma 

Contributes to treatment guidance FLT3 and NPM mutations AML 

Detection of specific chromosomal 
abnormalities  

Hemopathies 

Monitoring markers 

Quantification of specific 
transcripts  

Leukemias 

Monitoring residual disease Quantification of TCR or Ig gene 
rearrangement  

ALL 

Post transplant chimerism Leukemias 
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II. 1 Predictive markers that determine access to targeted therapy  
 
II.1.1. BCR-ABL translocation in ALL and CML – prescription of imatinib 

Chronic myeloid leukemia (CML) is a disease involving polynuclear proliferation. In 95% of 
cases it is characterized by t (9;22)(q34;q11) translocation with the appearance of a fusion 
gene BCR-ABL on the Philadelphia chromosome. BCR-ABL translocation is also found in certain 
patients suffering from acute lymphoblastic leukemia (ALL). 

Imatinib (Glivec®) is a tyrosine kinase inhibitor that directly targets the BCR-ABL fusion 
protein. It has revolutionized the management of CML since the early 1990s. It is the standard 
treatment of patients carrying a BCR-ABL translocation. Overall survival with imatinib has 
been shown to be 88% after 6 years1. 

Detection of the BCR-ABL transcript at the time of diagnosis both helps to predict response to 
treatment with imatinib and to monitor residual disease. An increase of this parameter shows 
early resistance to treatment, allowing clinicians to adjust treatment as quickly as possible. 
BCR-ABL quantification must therefore be performed at regular intervals throughout 
treatment. 

Point mutations have been described in the kinase domain of the ABL protein, leading to 
imatinib resistance. In patients with primary or secondary resistance to treatment, the early 
detection of these mutations can allow clinicians to adjust the dosage or suggest a treatment 
with another tyrosine kinase inhibitor (dasatinib and nilotinib). The type of mutation found 
may influence the choice of second line treatment, so that a drug which is effective against 
the patient’s mutated form of BCR-ABL can be prescribed2. 
 
 
II.1.1.1. BCR-ABL detection 

 Activity at national level 
BCR-ABL detection tests were performed on 6,235 patients in 2009, a similar figure to that for 
2008 (Table 2). As detection of the BCR-ABL transcript is the only test which can be used to 
justify prescription of imatinib, this test is performed very early in the diagnostic process of 
suspected hemopathies, as a marker for differential diagnosis.  
 
This test is done by FISH or RT-PCR. 
 
Table 2 

  
BCR-ABL detection (non-standard karyotype) 

2008 2009 

Number of tests performed  6,708 6,922 

Number of patients 6,171 6,235 

 
 

                                                 
 
1 Hochhaus A and al. Leukaemia 2009 Jun;23(6):1054-61 
2 Preudhomme C and al., Hematologic diseases 2010; 16(1):65-79 
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 Levels of mutations and uninterpretable results 
BCR-ABL translocation is observed in 20.2 % of patients (estimation based on 3,700 patients): 
we can estimate that around 1,200 patients suffering from CML or ALL were identified as 
carriers of BCR-ABL translocation in 2009 and thus will benefit from imatinib treatment. The 
percentage of translocations identified varies between 8.7% and 100% (24/24) according to 
laboratories (Figure 2). 

1.5% of results are uninterpretable. The two main reasons given are degraded or insufficient 
RNA. The percentage of uninterpretable results varies between 0 and 16.6 % according to 
laboratories (Figure 2). 
 
Figure 2 

 

 
 

 Level of activity by platform 
This test is performed by 27 platforms, with a median number of 150 patients screened (Table 3). 
 
Table 3 

  
BCR-ABL detection 

(non-standard karyotype) 

Average number of patients / platform 150 

Minimum number of patients / platform 24 

Maximum number of patients / platform 1,636 

Number of platforms performing the test 27 

 
 

 Origin of requests 
This test was conducted for 40% of external requests and, more specifically, for 30% of patients 
receiving treatment in the hospital centers (Figure 3). 

Distribution of % of BCR-ABL translocation per 
laboratory 

0% 20% 40% 60% 80% 100% 

Distribution of % of uninterpretable results for BCR-ABL 
detection 

0% 2% 4% 6% 8% 10% 12% 14% 16% 18% 
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Figure 3 
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II.1.1.2. BCR-ABL quantification 

 Activity at national level 
22,128 tests were performed in 2009 on 8,196 patients (Table 4), which corresponds to an 
average of 2.7 tests per patient, or one test every 4 months. The transcript level is measured 
by FISH or by RQ-PCR. 

The number of tests and the number of patients has been increasing linearly since 2007 by 
around 800 additional patients per year (Table 4 and Figure 4). As most patients remain under 
treatment with imatinib for several years and are monitored regularly during this time, the 
number of patients for whom this test is requested is therefore set to increase steadily 
each year.  

 
Table 4 

  
BCR-ABL quantification 

2007 2008 2009 

Number of tests performed  19,717 20,751 22,128 

Number of patients* 6,700 7,410 8,196 

* The item has not been reported by all platforms, estimate based on data provided. 
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Figure 4 
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 Level of activity by platform 

This test is performed by 27 platforms, with a median of 515 tests per platform and 
a minimum number of 199 tests per platform (Table 5). 
 
Table 5 

  BCR-ABL quantification 

Median number of tests / platform 515 

Minimum number of tests / platform 199 

Maximum number of tests / platform 5,181 

Number of platforms performing the test 27 

 
 

 Origin of requests 

BCR-ABL quantification was performed for 28% of external requests and, more specifically, on 
17% of patients treated in the hospital centers (Figure 5).  



REPORTS & SUMMARIES |  
The French national network of 28 hospital molecular genetics platforms : summary of the activity in 2009 
 

14

Figure 5 
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II.1.1.3. Screening for ABL mutations 

 Activity at national level 

The number of ABL mutation screening tests scarcely changed between 2008 and 2009, with 
888 patients being screened in 2009 (Table 6).  

 
Table 6 

  
ABL mutations 

2008 2009 

Number of tests performed 1,120 1,124 

Number of patients 856 888 

 
 
 Levels of mutations and uninterpretable results 

The level of identified mutations is 27% (estimate based on 610 patients). The percentage of 
identified mutations varies between 11.4% and 45.5% according to laboratories (Figure 6). 

3.9% of patients have an uninterpretable result, usually because the transcript level is too 
low. The percentage of uninterpretable results varies between 0 and 18.2 % according to 
laboratories (Figure 6). 
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Figure 6 

 

 

 
 
 

 Level of activity by platform 

This test is performed by 13 platforms, with a median number of 44 patients per platform 
(Table 7). The minimum number is 11 patients, which represents an activity of less than 
1 patient per month. Four platforms have an activity of less than or equal to 20 patients per 
year (Figure 7). 
 
Table 7 

  ABL mutations 

Median number of patients / platform 44 

Minimum number of patients / platform 11 

Maximum number of patients / platform 293 

Number of platforms performing the test 13 

 

Distribution of % of patients with ABL mutation 
per laboratory

10% 15% 20% 25% 30% 35% 40% 45% 50% 

Distribution of % of patients with uninterpretable 
results

0% 5% 10% 15% 20% 
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Figure 7 
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 Origin of requests 

21.7% of requests are extra regional, thus showing that it is a referral activity (Figure 8). 

 
Figure 8 
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II.1.2. KIT and PDGFRA mutation screening in GIST -prescription of imatinib  

Gastrointestinal stromal tumors (GIST) are mesenchymal tumors of the digestive tract. They 
originate mainly in the stomach (60 to 70%) and small intestine (20 to 30%).  
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KIT mutations (or short deletions), observed in 50 to 90 % of patients with GIST, are 
responsible for a spontaneous activation of KIT. These mutations are most often located in 
the exon 11, more rarely in exon 9 and in very unusual cases in exons 13, 17, 14 and 15.  

GIST is diagnosed primarily by histology and detection of KIT expression by IHC. In the 5% of 
cases where this expression is not detected, and in some difficult cases, screening for KIT or 
PDGFRA mutations is therefore necessary. 

Imatinib, which is also a KIT inhibitor, has revolutionized the prognosis of locally advanced 
inoperable and/ or metastatic GIST: 30 % of patients survived for one year prior to imatinib 
and about 90% afterwards. 

The anti-tumor response to imatinib seems to be correlated with the nature and the presence 
of these mutations. This response is better in the case of mutation in exon 11 than in the case 
of mutation in exon 9 and than in the absence of mutation. Mutation D842V of exon 18 of 
PDGFRA is considered to confer primary resistance to imatinib. Finally, the presence of exon 
9 KIT mutations should prompt clinicians to double the therapeutic dose of imatinib. 
Screening for these mutations therefore now allows clinicians to optimize the treatment of 
patients suffering from GIST. 

 
 Activity at national level 

Testing for cKIT mutations was performed on 829 patients in 2009 and screening for PDGFRA 
mutations was performed on 770 patients. The number of these tests has scarcely changed 
since 2007 (Table 8 and Figure 9). 

 
Table 8 

  
cKIT mutations PDGFRA mutations 

2007 2008 2009 2007 2008 2009 

Number of tests performed  /  931 941  /  873 824 

Number of patients 701  831 829 701  784 770 
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Figure 9 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Levels of mutations and uninterpretable results 

The percentage of mutations identified is 55.7 % for cKIT and 44.9 % for PDGFRA (Table 6). 
The percentage of cKIT mutations varies between 0% (0/2) and 79.1% and the percentage of 
PDGFRA mutations varies between 0% (0/2) and 89.2 % according to laboratories (Figure 10). 

The percentage of uninterpretable results is 6.6% for cKIT mutation screening tests and varies 
between 0 and 30.4% according to laboratories. It is 9.1 % for PDGFRA mutation screening 
tests and also varies between 0% and 30.4% according to laboratories (Figure 11). The main 
reason is poor-quality DNA unsuitable for amplification.  
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Figure 10 

 

 

 
Figure 11 

 

 
 

 Level of activity by platform 

Sixteen platforms perform cKIT tests and 15 PDGFRA tests in GIST (Table 9). One platform 
performs only the cKIT test. The median number of patients treated per platform is 26 for the 
cKIT test and of 24 for the PDGFRA test. 

The minimum number of tests performed per platform is 2. Five platforms perform cKIT 
mutation screening tests on 10 patients or less per year and 4 platforms perform PDGFRA 
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laboratory 
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mutation screening tests on 10 patients or less per year. Three platforms have an activity 
greater than 100 patients per year: AP-HP, CHU-CLCC de Lyon and CHU-CLCC de Bordeaux. 
Between them they account for 65% of the activity for these tests (Figure 12). 

 
Table 9 

  cKIT mutations PDGFRA mutations 

Median number of patients / platform 26 24 

Minimum number of patients / platform 2 2 

Maximum number of patients / platform 206 206 

Number of platforms performing the test 16 15 

 
 
Figure 12 
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 Origin of requests 

More than 22% of requests come from outside the region (Figure 13). It is therefore a referral 
activity: the 15 platforms perform this test for all patients throughout France. 
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Figure 13 
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II.1.3. HER2 amplification in breast cancer: prescription of trastuzumab 

HER2 is overexpressed in 15% of breast cancers and is associated with a worse prognosis. 
Herceptin® (trastuzumab) is an antibody that targets the HER2 receptor. This substance, 
developed for the treatment of metastatic breast cancer, is also effective in adjuvant 
treatment of breast cancer. Only patients who overexpress HER2 or have an amplification of 
the gene (3 + score by IHC or FISH / CISH positive) are eligible for treatment with 
trastuzumab. HER2 amplification is detected by immunohistochemistry in first line. In the 
case of a tumor with an IHC score of 2 +, further testing for gene amplification using the FISH 
or CISH (Chromogenic in situ hybridization) techniques is needed to ascertain whether the 
patient is eligible for a treatment with trastuzumab.  
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 Activity at national level 

In 2009, 6,748 patients underwent HER2 amplification testing by HIS. The number of test 
requests increased by 25% between 2008 and 2009 (Table 10 and Figure 14), whereas 
trastuzumab obtained marketing authorization for use in metastatic breast cancer in 2000 and 
as adjuvant therapy in 2004. Two explanations are possible:  

o expansion of the criteria for conducting in situ hybridization for certain IHC 1+ and 3+ 
scores; 

o an increased sensitivity of the new antibodies on the market, leading to more 
patients being identified as IHC2 +. 

 
Table 10 

  
HER2 amplification 

2008 2009 

Number of tests performed 6,063 7,260 

Number of patients 5,416 6,748 

 
Figure 14 
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 Mutation levels and uninterpretable results 

19% of patients were shown by HIS to have HER2 amplification: these women are therefore 
eligible for trastuzumab treatment. The percentage varies between 8.1% and 42.3% according 
to laboratories (Figure 15). 

 
The percentage of uninterpretable results is 3.6%, due mainly to inappropriate fixation 
conditions. The percentage of uninterpretable results varies between 0% and 9.9 % according 
to laboratories (Figure 15). 
 
Figure 15 

 

 

 
 
 

 Level of activity by platform 

This test is performed by 27 platforms, with a median number of 173 patients per platform 
(Table 11). The minimum number of patients treated is of 15, and 6 platforms perform fewer 
than 50 tests per year. 
 
Table 11 

  HER2 amplification 

Median number of patients / platform 173 

Minimum number of patients / platform 15 

Maximum number of patients / platform 917 

Number of platforms performing the test 27 

 

Distribution of the number of patients with HER2 
amplification per laboratory 

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 

Distribution of % of uninterpretable results for HER2
amplification 

0% 2% 4% 6% 8% 10% 12% 



REPORTS & SUMMARIES |  
The French national network of 28 hospital molecular genetics platforms : summary of the activity in 2009 
 

24

 Origin of requests 
45% of requests are external: 12% of the patients are being treated at hospital centers and 
18% at private institutions (Figure 16); 12.6% of the activity is performed for other platforms. 
This activity is mainly performed by the CHU-CLCC de Clermont-Ferrand platform. The 
pathology laboratory of the Centre Jean Perrin is one of the centers of reference and 
performs tests for healthcare facilities throughout France, especially for private laboratories 
outside Auvergne. 

The determination of HER2 amplification in breast cancer by HIS was added to the 
pathologist’s classification system in September 2009. This procedure is now reimbursed when 
it is performed by private practice pathologists and in pathological laboratories in hospital 
centers. The number of tests conducted by the platforms could therefore decrease in the 
next few years. 
 
 
Figure 16 
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II.1.4. Amplification of HER2 in stomach cancer: prescription of trastuzumab 

The phase III ToGA clinical trial compared the addition of trastuzumab treatment to 
fluoropyrimidine and cisplatin treatment in patients with gastric cancer and HER2 
amplification. The addition of trastuzumab was beneficial in terms of response rate (47.3% 
versus 34.5 %, p = 0.0017) and average overall survival time (13.8 months versus 11.1 months, 
p=0.0046)3. Based on this data, in December 2009 trastuzumab obtained an extension of its 
marketing authorization to include treatment of patients suffering from metastatic gastric 
cancer and whose tumors overexpress HER2 (score 3 + in IHC or score 2+ in IHC confirmed by 
HER2 gene amplification assessed by HIS). 

                                                 
 
3 E. Van Cutsem and al. ASCO Meeting Abstracts Jun 20 2009: LBA4509.  
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 Activity at national level 

In 2009, only 65 patients with gastric cancer underwent HER2 amplification screening by HIS 
(Table 12), as marketing authorization was not issued until the end of 2009. 

Based on annual stomach cancer mortality data4 and estimating that the percentage of 
patients with an IHC2+ score is around 20 %, we can estimate that the annual number of tests 
to be performed will be around 800 per year. 
 
 
Table 12 

  
HER2 amplification 

2008 2009 

Number of tests performed / 65 

Number of patients / 65 

 
 

 Level of amplification and uninterpretable results 

18% of patients have HER2 amplification and 2% have uninterpretable results. 
 

 Level of activity by platform 

This test was performed by only 7 platforms in 2009 (Table 13)  
 

Table 13 

  HER2 amplification 

Median number of patients / platform 6 

Minimum number of patients / platform 1 

Maximum number of patients / platform 30 

Number of platforms performing the test 7 

 
 

 Origin of requests 

40% of patients for whom this test was requested were not being treated at the platform 
(Figure 17). 

 

                                                 
 
4 Source InVS 
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Figure 17 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

II.1.5. Screening for KRAS mutations in colorectal cancers: prescription of 
cetuximab and panitumumab 

 
II.1.5.1. Screening for KRAS mutations 

While the development of anti-EGFR monoclonal antibodies was an important advance in the 
management of patients with metastatic colorectal cancer, several studies have shown that 
only patients whose tumors showed no KRAS gene mutation were likely to benefit from this 
treatment. In this context, the European Medicines Agency has approved the use of cetuximab 
(Erbitux®) and panitumumab (Vectibix®) only for the patients whose tumor carries a non-
mutated form of the KRAS gene. 

 
 Activity at national level 

In 2009, 19,910 KRAS tests were conducted on 17,250 patients (Table 14 and Figure 18). This 
activity increased dramatically, by a factor of almost 15.7, within the past two years. 

 
Table 14 

  
KRAS mutations 

2007 2008 2009 

Number of tests performed / 10,648 19,910 

Number of patients 1,100 10,012 17,246 

 

60,0%18,0%

22,0%

0,0%

Origin of requests for HER2 amplification screening tests in 
gastric cancer

% of internal requests
% of patients from public local hospitals

% of patients from private institutions

% of patients from another platform
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Figure 18 
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 Levels of mutations and uninterpretable results 

The percentage of identified mutations is 36.2%5 (data available for 16,300 patients). The 
percentage of mutations identified varies between 28.1% and 46.7% according to laboratories 
(Figure 19). 

4.8% of patients have an uninterpretable result, mainly because of poor fixation of the tissues 
preventing DNA amplification. The percentage of uninterpretable results varies between 0 % 
and 20.3 % according to laboratories (Figure 19). 
 
 

                                                 
 
5 This rate is 33% according to data from the COSMIC database. 
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Figure 19 

 

 

 
 Level of activity by platform 

The KRAS test is performed by the 28 platforms, with a median number of 520 patients per 
platform and a minimum number of 143 patients per platform (Table 15; Figures 20 and 21). 
 
 
Table 15 

  KRAS mutations 

Median number of patients / platform 520 

Minimum number of patients / platform 143 

Maximum number of patients / platform 3,417 

Number of platforms performing the test 28 

 

Distribution of % of KRAS mutations per laboratory

25% 30% 35% 40% 45% 50% 

Distribution of % of uninterpretable results for KRAS mutations

0% 5% 10% 15% 20% 25% 
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Figure 20 

 

Figure 21 
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 Origin of requests 

45% of patients screened at molecular genetics platforms are being treated in private 
healthcare facilities and 21% are being treated at hospital centers, which mean that these 
two sources account for more than two-thirds of the platforms’ activities (Figure 22). 

 
Figure 22 
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II.1.5.2. BRAF mutation screening 

BRAF gene mutations occur in 5-10% of colorectal tumors. The presence of a BRAF mutation in 
a tumor points to a poor prognosis 6. Several studies tend to indicate that patients with a 
mutated BRAF gene do not respond to anti-EGFR drugs. However, these studies were 
conducted on a small number of patients and some of them produced contradictory results: 
the findings therefore need to be confirmed. 
BRAF tests are performed on patients who have already undergone a KRAS test. 
 

 
 Activity at national level 

BRAF tests were performed on 3,200 patients in 2009, or 18.5% of patients on whom a KRAS 
test was performed (Table 16). 
 
Table 16 

  
BRAF mutations 

2009 

Number of tests performed 3,393 

Number of patients 3,200 

 
 

 Levels of mutations and uninterpretable results 

7.2% of patients have a BRAF mutation. The percentage of mutations identified varies 
between 0% (0/20) and 16.7 % according to laboratories (Figure 15). 

The percentage of uninterpretable results is 1.7%. The analysis is performed on DNA which 
has already been extracted and amplified for the KRAS test, which explains the low 
percentage of uninterpretable results. Poor sample quality is partly responsible, as is an 
insufficient amount of material. The percentage of uninterpretable results varies between 0% 
and 16.7% (3/18) according to laboratories (Figure 23). 

 

                                                 
 
6 C. Bokemeyer and al. ASCO Meeting Abstracts May 20 2010: 3506. 
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Figure 23 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 Level of activity by platform 

Twenty-one platforms perform the BRAF test, with a median of 73 patients per platform 
(range 1 to 475 patients per year). 
 
 

 Origin of requests 

28.6% of patients undergoing BRAF mutation screening are being treated in private healthcare 
facilities and 21.4% are being treated at hospital centers (Figure 24). 
More patients having the BRAF test are being treated in institutions of the platform than is 
the case for patients having the KRAS test: 43.5 % versus 31.3 %. 
 
 

Distribution of % of uninterpretable results for BRAF mutations 

0% 2% 4% 6% 8% 10% 12% 14% 16% 18%

Distribution of % of BRAF mutations per laboratory
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Figure 24 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
II.1.6. EGFR mutation screening in lung cancer- prescription of erlotinib and 

gefitinib 

II.1.6.1. Screening for EGFR mutations 

Small-cell lung cancer has a poor prognosis (20% survival at 5 years) and is now the leading 
cause of cancer death in men. 

There is a clear link in literature data between the existence of an altered EGFR gene and the 
efficacy of anti-EGFR targeted therapies (gefitinib Iressa®, erlotinib Tarceva®)7. According to 
the results of a study published in June 2010, gefitinib doubled median progression-free 
survival compared to the treatment by chemotherapy in small-cell lung cancer with EGFR 
mutation (10.8 months versus 5.4 months; p < 0.001) and is also associated with a better 
response rate (73.7 % versus 30.7 %, p < 0.001)8. In April 2009, EMEA granted marketing 
authorization to gefitinib for use in adult patients with an advanced or metastatic form with 
activating mutations of EGFR in the tumor.  

Mutations are found in exons 18 to 21, coding for the kinase receptor domain: the most 
frequent are deletions in exon 19 and a point mutation in exon 21.  

These mutations are more frequently found in patients with adenocarcinoma, in women, in 
people of Asian origin and non-smokers. However, the frequency of mutations has never been 
high enough for clinical factors alone to predict the presence of an activating mutation of 
EGFR and substitute for determination of EGFR status. It may nevertheless indicate which 
groups of patients who should as a priority have tests to determine whether their tumor has 
an EGFR activating mutation, in particular patients with adenocarcinoma. 
                                                 
 
7 INCa – March 2010 "Mutations of EGFR in lung cancer: evidence of a molecular target for specific access to targeted 

therapies", INCA  
8 Maemondo M and al. N Engl J Med 2010; 362:2380-8. 
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It is estimated that around 10,000 patients a year have advanced or metastatic lung 
adenocarcinoma. 
 
 

 Activity at national level 

The EGFR activating mutation test was performed on 2,667 patients in 2009, against 1,269 in 
2008: the number has therefore doubled in one year (Table 17 and Figure 25).  

It is still well below 10,000, but gefitinib has only been marketed in France since January 
2010. 
 
 
Table 17 

  
EGFR mutations 

2008 2009 

Number of tests performed 1,845 3,427 

Number of patients 1,269 2,667 

 
 
Figure 25 
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 Levels of mutations and uninterpretable results 

The level of mutations identified was 11.7% and is consistent with data in the literature. The 
percentage of mutations identified varies between 0% and 23.5% according to laboratories 
(Figure 26). 

7.9% of patients had an uninterpretable result. Two main reasons are cited: poor quality DNA 
which cannot be properly amplified and insufficient material. The percentage of uninterpretable 
results varies between 0% and 39.2% (38/97) according to laboratories (Figure 26). 
 
Figure 26  

 

 
 

 Level of activity by platform 
 
The EGFR test was performed by 27 platforms in 2009, with a median number of 68 tests per 
platform (Table 18).  
 
 
Table 18 

  EGFR mutations 

Median number of patients / platform 68 

Minimum number of patients / platform 13 

Maximum number of patients / platform 337 

Number of platforms performing the test 27 

 

 

Distribution of % of EGFR mutations per laboratory
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 Origin of requests 

Only 25% of EGFR mutation tests were conducted for external requests (Figure 27). 
 
Figure 27 
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II.1.6.2. Testing for KRAS mutations 

Gefitinib and erlotinib are less effective in patients with a mutated KRAS gene in their 
tumor9.  

 
 Activity at national level 

Screening for KRAS mutations was performed on 1,885 patients in 2009, against 1,111 in 2008, 
an increase of 70% (Table 19). These 1,885 patients represent 70% of the 2,267 patients 
undergoing the EGFR test. 

 
Table 19 

  
KRAS mutations 

2008 2009 

Number of tests performed 1,130 1,960 

Number of patients 1,111 1,885 

 

                                                 
 

9 Mao C. Lung Cancer. 2009 Dec 18. 
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 Levels of mutations and uninterpretable results 

A KRAS mutation was identified in the tumor of 21.7% of these patients. The percentage of 
mutations identified varies between 0% (0/2) and 46.2 % (6/13) according to laboratories 
(Figure 28). 

The percentage of uninterpretable results is 7.1% and varies between 0% and 24.6% (15/61) 
according to laboratories (Figure 28). 

 
Figure 28 

 

 
 

 
 Level of activity per platform 

21 platforms perform the KRAS mutation test, with a median activity of 61 patients per 
platform (range 2 - 336 patients per year). 
 
 

 Origin of requests 

This test was performed for 83.8% of internal requests (Figure 29).  
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laboratory (lung cancer)

0% 10% 20% 30% 40% 50% 

Distribution of the % of uninterpretable results for 
KRAS mutations (lung cancer) 

0% 5% 10% 15% 20% 25% 30% 



REPORTS & SUMMARIES |  
The French national network of 28 hospital molecular genetics platforms : summary of the activity in 2009 
 

37

Figure 29 
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II.2 Markers guiding the diagnostic process  
These markers are used in the first instance to guide the diagnostic process so that diagnostic 
hypotheses can be confirmed or ruled out. 
 

II.2.1. MPDs : screening for the JAK V617F mutation 

II.2.1.1. Screening for the JAK2 V617F mutation 

 
The presence of the JAK2 V617F mutation is specific to myeloproliferative disorders (MPDs): it 
is found in 65 to 97% of polycythemia of Vaquez, 23 to 57% of essential thrombocythemia, 35 
to 95% of myelofibrosis, but is never found in CML. The presence of this mutation is an 
essential piece of information for the diagnosis of these diseases, and screening for JAK2 
V617F mutation was integrated in the diagnostic process of these pathologies in the new WHO 
criteria published in 2008. In clinical practice, screening for JAK2 mutation is used if 
myeloproliferative disease is suspected in order to eliminate or to immediately confirm this 
hypothesis. 
 
Screening for other mutations such as JAK2 on exon12, MPL and FIP1L1 also helps confirm the 
MPD diagnosis when JAK2 is not mutated, especially in young patients, before chemotherapy 
treatment.  
 
Finally, regular quantification of JAK2 V617F during treatment allows clinicians to test for a 
fall in the tumoral clone and to monitor these patients. There are still no treatments 
targeting the JAK2 V617F mutation, but several are in clinical development10. 
 
 

 Activity at national level 
The number of patients undergoing JAK2 V617F mutation testing fell by 8% between 2008 and 
2009, from 13,456 in 2008 to 12,462 in 2009 (Table 20). 
 
Table 20 

  
JAK2 mutations 

2008 2009 

Number of tests performed 13,972 13,157 

Number of patients 13,546 12,462 

 
 

 Levels of mutations and uninterpretable results 

30.4% of patients were found to have a JAK2 V617F mutation. The percentage of mutations 
identified varies between 15.3% and 44.9% according to laboratories (Figure 30). The 
percentage of uninterpretable results is very low, at only 0.3%. 
 
 

                                                 
 
10 Chen AT and Prchal JT. Curr Opin Hematol. 2010 Mar;17(2):110-6. 
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Figure 30 

 

 
 Level of activity by platform 

Screening for the JAK2 V617F mutation is performed by 23 platforms, with a median number 
of 455 patients per platform (Table 21). 
 
Table 21 

  JAK2 mutations 

Median number of patients / platform 455 

Minimum number of patients / platform 229 

Maximum number of patients / platform 1,958 

Number of platforms performing the test 23 

 
 

 Origin of requests 
28.5% of patients undergoing screening for JAK2 V617F mutation are being treated in hospital 
centers and 4% in private health care facilities (Figure 31). There is also a small amount of 
activity (1.8%) for extra regional requests.  
 
Figure 31 
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II.2.1.2. Other mutations  

 Activity at national level 
2,167 patients were screened for other mutations in 2009. This activity increased 
dramatically (more than quadrupled) between 2008 and 2009 (Table 22). 

 
Table 22 

  
Other mutations 

2008 2009 

Number of tests performed 499 3,991 

Number of patients 486 2,167 

 
 

 Level of activity by platform 
This test was performed by 15 platforms with a median activity of 73 patients per platform 
(range 10 to 801 patients per year). It should be noted that this test was only performed by 
10 platforms in 2008. 
 
 

 Origin of requests 
Only 1.6% of this activity was carried out for other platforms, showing that these additional 
tests are not a referral activity and are not performed for all patients in the country 
(Figure 32). 
 
Figure 32 
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II.2.1.3. JAK2 quantification 

 Activity at national level 
JAK2 quantification was performed on 2,226 patients in 2009 (Table 23). This activity was not 
surveyed in 2008. On average, one test was performed per patient in 2009. 
 
Table 23 

  
JAK2 quantification 

2009 

Number of tests performed 2,422 

Number of patients 2,226* 

*The Item was not reported by all platforms, estimate based on data provided 
 
 

 Level of activity by platform 
This test is performed by 13 platforms with a median activity of 62 patients per platform 
(range 4 -1,147 tests per year). 
 
 

 Origin of requests 
Only 4.2% of requests are extra regional  (Figure 33): it can therefore be assumed that not all 
patients in France can benefit from this test. 
 
 
Figure 33 
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II.2.2. HNPCC spectrum cancers: microsatellite instability, BRAF mutation and MLH1 
promoter methylation 

HNPCC syndrome (Hereditary Non Polyposis Colorectal Cancer), also known as Lynch 
syndrome, is characterized by the constitutional alteration of an MMR gene (mismatch 
repair). The tumors of patients with a MMR gene mutation almost always present 
microsatellite Instability (MSI). Thus, screening for this tumor phenotype is an important step 
in the selection of patients for investigation of constitutional MMR genes: this is referred to as 
somatic "pre-screening". In practice, guidelines recommend that all patients under 60 with 
any cancer of the broad HNPCC spectrum be tested for this phenotype (in patients over 60, 
the MSI phenotype is most often related to defective expression of the MLH1 protein by 
hypermethylation of the promoter of this gene due to old age). 
In the case of individuals referred for oncogenetic consultation because of family criteria, and 
if testing for a constitutional MMR mutation is justified, performing the MSI test avoids a 
lengthy and expensive genetic analysis for patients whose tumor has a stable microsatellite 
phenotype.  
 
Some sporadic colorectal cancers also exhibit microsatellite instability: this is not due to a 
mutation of a MMR gene, in contrast to the situation with constitutional forms, but to 
methylation of the MLH1 gene. This molecular form of colorectal cancer is frequently 
associated with a BRAF gene mutation. Screening for BRAF mutation and the methylation 
status of the MLH1 gene are therefore complementary parameters to the MSI testing which 
optimize referral of patients to oncogenetic consultation.  
 
 
II.2.2.1. Microsatellite instability 

 Activity at national level 
5,299 MSI tests were performed in 2009 against 4,531 in 2008, an increase of 16.9% (Table 24 
and Figure 34). In the report drafted by Catherine Bonaïti11, the annual number of MSI tests 
that should be performed each year was estimated at 15,000 per year (8,100 HNPCC spectrum 
cancer before the age of 60 and 6,900 cancers over the age of 60 with a first degree family 
history). This goal is still far from being achieved. 
 
Table 24 

 
 

                                                 
 
11 Report on the estimated needs of the population for the next 10 years in terms of access to oncogenetic 

consultations and tests. 

  MSI Test 

  2008 2009 

Number of tests  4,828 5,849 

Number of patients 4,531 5,299 
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Figure 34 
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 Levels of tumors with MSI phenotype and uninterpretable results 

14.8% of patients have tumors with MSI. Therefore, 800 patients were identified as likely to 
carry a constitutional mutation of MMR genes and requiring referral for oncogenetic 
consultation. The percentage of tumors with MSI varies between 0% and 26.0% according to 
laboratories (Figure 35). 
 

The percentage of uninterpretable results is 6.1%, mainly because it was impossible to 
amplify the DNA. This percentage varies between 0% and 25% (2 / 8) according to laboratories 
(Figure 35). 
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Figure 35  

 
 

 
 

 Level of activity by platform 
The MSI test is performed by 23 platforms, with a median activity of 166 patients per 
platform (Table 25). It should be noted that some platforms only detect MSI by 
immunohistochemistry. The minimum activity is 5 patients per year, which is a very low level 
of activity. Four platforms have an activity less than or equal to 20 MSI tests per year, 
showing that there is still considerable room for improvement for this activity (Figure 36). 
 
Table 25 

  MSI Test 

Median number of patients / platform 166 

Minimum number of patients / platform 5 

Maximum number of patients / platform 1,450 

Number of platforms performing the test 23 

 
 

Distribution of % of patients with microsatellite 
instability per laboratory 
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Figure 36 
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 Origin of requests 
46.4% microsatellite instability tests were conducted for external requests and, more 
specifically, for 26.4% of patients receiving treatment in private institutions (Figure 37). This 
percentage compares to 68% of external requests for KRAS testing in colorectal cancer. It is 
therefore necessary to make all pathologists and clinicians aware that MSI status should be 
determined for all patients under 60 years of age with an HNPCC spectrum tumor. 
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Figure 37 
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II.2.2.2. BRAF mutation and MLH1 promoter methylation 

 Activity at national level 
The number of patients with microsatellite instability screened for BRAF mutation remained 
stable between 2008 and 2009, with 430 patients being tested in 2009 (Table 26). This 
represents approximately 50% of patients found to have microsatellite instability in 2009. 
The number of patients with microsatellite instability screened for MLH1 promoter 
methylation increased by 45.6%, with 131 patients being tested in 2009. 
 
 
Table 26 

  BRAF mutations MLH1 methylation 

  2008 2009 2008 2009 

Number of tests  446 446 102 135 

Number of patients 444 430 90 131 

 
 

 Level of positive results and uninterpretable results 
16.3% of patients have BRAF mutation and 37.4% of patients have a tumor with MLH1 
methylation. Thus, even though their tumors exhibit microsatellite instabilities, these 
patients’ cancers are not of hereditary origin. 
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 Activity level by platform 
BRAF testing is performed by 13 platforms, with a median activity of 26 patients per platform 
(range 1 to 133 patients), and MLH1 methylation testing by only 4 platforms, with a median 
activity of 24 patients (range 8 - 75 patients). 
 
 

 Origin of requests 
The vast majority of BRAF mutation and MLH1 promoter methylation screening is conducted 
for internal requests, with no external requests (Figure 38). Consequently, not all patients 
have these tests which complement the MSI test. 
 
 
Figure 38 
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II.3. Markers involved in diagnosis, in addition to clinical, morphological and 
biological parameters. 

The identification of certain genetic markers helps to identify or confirm the diagnosis based 
on clinical, morphological or biological criteria.  
 
II.3.1. Screening for specific genetic abnormalities in sarcomas 

Sarcomas are rare tumors, with some fifty types and histological subtypes in the latest WHO 
classification of 2002. This makes their diagnosis, based on morphological criteria and further 
immunohistochemistry tests, difficult. 
Genetic abnormalities specific to sarcomas are now well defined: they are mainly specific 
translocations and amplification of MDM2/CDK4 in the case of liposarcomas. A specific 
abnormality has been described for several types of sarcomas, including Ewing's sarcomas, 
synovial sarcomas, alveolar rhabdomyosarcoma, clear cell sarcoma, myxoid and round cell 
liposarcoma, extraskeletal myxoid chondrosarcoma, desmoplastic round cell tumor, alveolar 
soft part sarcoma and Darier-Ferrand dermatofibrosarcoma. Screening for specific 
translocations can thus allow certain sarcomas to be classified more precisely than by 
histological and immunohistochemical investigations alone.  
 
 

 Activity at national level 
Translocation tests were performed on 1,725 patients in 2009 against 1,360 patients in 2008, 
an increase of 27% (Table 27). 
MDM2/CDK4 amplification was performed on 879 patients in 2009 against 390 in 2008, an 
increase of 125% (Table 27). 
 
Table 27 

  
Various translocations MDM2/CDK4 amplification 

2008 2009 2008 2009 

Number of tests performed 2,494 3,113 435 913 

Number of patients 1,360 1,725* 390 879* 

*The item was not reported by all platforms, estimate based on data provided 
 
 

 Level of activity by platform 
Translocation testing is performed by 13 platforms, with a median activity of 55 tests per 
platform (Table 28). Four platforms perform 86% of the activity (Institute Curie, CHU-CLCC de 
Bordeaux, CHU-CLCC de Lyon and CHU-CLCC de Nice), with the Institute Curie platform 
accounting for half of all activity. The minimum activity is 7 patients per year, which is very 
low, and 7 platforms perform this test on fewer than 40 patients per year (Figure 39). 
 
Screening for MDM2/CDK4 amplification is performed by 14 platforms, with a median activity 
of 25 tests per platform (Table 28). Three platforms perform 75% of this activity (CHU- CLCC 
de Bordeaux, CHU-CLCC de Lyon and CHU-CLCC de Nice). The minimum activity is 4 tests per 
year, which is very low. 
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Table 28 

  Various translocations 
MDM2/CDK4 
amplification 

Median number of tests / platform 55 25 

Minimum number of tests / platform 7 4 

Maximum number of tests / platform 1,488 289 

Number of platforms performing the test 13 14 
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 Origin of requests 
These activities are performed for 42.5% and 38.5% of external requests, respectively, which 
indicates that it is a referral activity (Figure 40). 
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Figure 40 
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II.3.2. Detection of specific chromosomal abnormalities for the diagnosis 
of lymphomas 

Non-Hodgkin’s malignant lymphomas (NHL) represent a group of heterogeneous diseases 
resulting from the malignant proliferation of mature B or T lymphoid cells at different stages 
of differentiation and defined by anatomopathological criteria according to the WHO 
classification. This proliferation can affect nodal (lymph node, spleen) or extra-nodal (skin, 
stomach, lung, etc.) organs.  
The diagnosis of malignant lymphoma is based on histological and phenotypic testing of a 
tissue biopsy taken from the lesion which is causing the disease symptoms. Cytogenetics and 
molecular biology may help in diagnosis when morphological and immunological analyses are 
inconclusive. 
 
Some recurrent genetic abnormalities are correlated with particular lymphoma subtypes: 

 t (14; 18) (q21; q32) translocation is detectable in over 90% of follicular lymphomas and 
20% of diffuse large B-cell lymphomas. It leads to BCL2-JH rearrangement and 
overexpression of BCL2.  

 t (11; 14) (q13; q32), observed in most mantle cell lymphomas, leads to BCL1-JH gene 
rearrangement and overexpression of the cyclin D1 gene. 

 t (8; 14) (q24; q32) translocation and its variants: rearrangement of the c-MYC locus (band 
8q24) is always found in Burkitt's lymphoma and is part of the definition of this entity.  

 t (2; 5) (p23; q35) translocation leading to a NPM-ALK fusion gene is most common in 
anaplastic large cell lymphomas cell with a T or null phenotype.  

 t (11;18) (q21;q21) translocation leading to API2-MALT1 fusion is seen in mucosa-
associated lymphoid tissue (MALT) lymphomas. 

 
Specific chromosomal abnormality screening can be performed by a standard karyotype, FISH 
or RT-PCR. It can also be performed indirectly by measuring the overexpression of BCL2 or 
cyclin D1 (only RT-PCR based techniques are discussed in this document). 
 

 Activity at national level 
In 2009, 2,018 patients underwent chromosomal abnormality screening by FISH, 2,180 
patients had RT-PCR screening for specific rearrangements and 497 had cyclin D1 
quantification tests (Table 29). 
 

Table 29 

  
  

2008 2009 

Chromosomal
abnormalities  
(all techniques 

apart from 
standard 

karyotype) 

Chromosomal 
abnormalities 

by FISH 

RT-PCR testing 
for specific 

rearrangements  

Cyclin D1 
quantification 

Number of tests performed 5,850 3,262 2,957 610 

Number of patients 3,826* 2,018* 2,180* 497 

*The item was not reported by all platforms, estimate based on data provided 
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 Level of activity per platform 
Abnormality detection is performed all platforms: 17 platforms use both techniques, 9 
platforms only perform the FISH test and 2 platforms perform only the RT-PCR test. 
The median number of tests per platform is 59.5 for FISH, 104 for RT-PCT and 32.5 for D1 
cyclin quantification (Table 30). 
 
Table 30 

  
Chromosomal 
abnormalities 

by FISH 

Detection of 
specific 

rearrangements 
by RT-PCR 

Cyclin D1 
quantification 

Median number of tests / platform 59.5 104 32.5 

Minimum number of tests / platform 10 5 2 

Maximum number of tests / platform 792 874 195 

Number of platforms performing the test 26 19 12 

 
 

 Origin of requests 
Requests are made at regional level. The number of requests varies according to the 
technique used, between 15% and 23% for hospital centers and between 1.1% and 16% for 
private institutions (Figure 41). Requests from private hospitals are mainly performed by 
three platforms (CHU-CLCC de Bordeaux, CHU-CLL de Rennes and CHU de Grenoble). 
 

Figure 41 
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II.3.3. Screening for B - and/or T-cell clonality for the diagnosis of lymphoma 

Screening for B- and/or T-cell clonality helps to distinguish a polyclonal reactive 
lymphoproliferation from malignant monoclonal lymphoproliferation when the morphological 
and phenotypic analysis is difficult to interpret and does not provide definitive evidence of 
lymphoma. 
Clonality is assessed by testing for antigen T-cell receptor (TCR) gene rearrangement in the 
case of T lymphoproliferations or immunoglobulin genes in the case of B lymphoproliferations. 
For a given patient, B- and/or T-cell clonality may be assessed.  
The main techniques used have been investigated by the European BIOMED-2 project on 
harmonization of molecular techniques and are based on multiplex PCRs12. 
 

 Activity at national level 
Screening for B-cell and/or T-cell clonality was performed on 9,800 patients in 2009. Not all 
the tests are routinely performed: by far the most common test is IGH-VHDHJH for B-cell 
clonality and TCRG for T-cell clonality (Table 31). 
 

Table 31 

  
  

B-cell clonality T-cell clonality B-and/or T-
cell clonality

IGH- 
DHJH  

IGH- 
VHDHJH IGK IGL TCRB TCRD TCRG Number of 

patients  

Number of tests 
performed 
 

478 6,728 759 12 576 423 7,876 9,800* 

*The item was not reported by all platforms, estimate based on data provided 
 
 

 Level of activity by platform 
This test is performed by 18 platforms, with an average of 210 tests per platform for B-cell 
clonality and 242 tests per platform for T-cell clonality (Table 32). 
 
 
Table 32 

  IGH-VHDHJH tests TCRG tests 

Median number of tests / platform 210 242 

Minimum number of tests / platform 4 44 

Maximum number of tests / platform 2,362 3,642 

Number of platforms performing the test 18 18 

 
 

                                                 
 
12 van Krieken JH and al. Leukaemia 2007 Feb;21(2):201-6. 
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 Origin of requests 
The requests originate from within the region (only 0.4% of requests from outside the region), 
which indicates that this test is not currently a referral activity (Figure 42). In case of 
uncertainty regarding diagnosis of lymphoma, alternative techniques such as flow cytometry, 
are used in some regions. 
 
 
Figure 42 

79,1%

17,1%

3,5% 0,4%

Origin of requests for B/T cell clonality screening in 
lymphomas

% of internal requests
% of patients from public local hospitals
% of patients from private institutions
% of patients from another platform

 

 
 
II.3.4. 1p/19q codeletion for the diagnosis of gliomas 

Most primary brain tumors are gliomas. The WHO classification, which is the most frequently 
used at present, classifies gliomas according to the cell in which they are thought likely to 
have originated. Consequently, the groups consist of astrocytomas, oligodendrogliomas and 
ependymomas. Among them, glioblastomas fall into grade IV of the WHO classification and 
are highly malignant. The classification and grading of gliomas based only on morphology is 
problematic. The heterogeneity of these tumors is still a problem in the treatment and 
prognosis of patients. 
1p/19q codeletion is a strong argument in favor of a histological diagnosis of 
oligodendroglioma, as well as a favorable prognostic factor. 
 
 

 Activity at national level 
1p/19q codeletion testing was performed on 945 patients in 2009, compared to 1,144 in 2008, 
a decrease of 17.3% (Table 33). 
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Table 33 

  
1p/19q codeletion 

2008 2009 

Number of tests performed 1,622 1,356 

Number of patients 1,144 945 

 
 

 Levels of codeletions and of uninterpretable results 

34.4% of patients were found to have 1p/19q codeletion (estimated on 780 patients). The 
percentage of codeletions identified varies between 0% and 65.6% according to laboratories 
(Figure 43). 

The percentage of uninterpretable results is 3.1%, mainly because it was impossible to 
amplify the DNA or because the material was insufficient.  
 
Figure 43 

 
 
 

 Level of activity by platform 
This test is performed by 19 platforms with a median activity of 27 patients per platform, 
which represents quite a low activity (Table 34). Five platforms perform this test on fewer 
than 10 patients per year. 
 
 
Table 34 

  1p/19q codeletion 

Median number of patients / platform 27 

Minimum number of patients / platform 2 

Maximum number of patients / platform 166 

Number of platforms performing the test 19 
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 Origin of requests 
18.4% of requests for this test come from other platforms, showing that it is a referral activity 
(Figure 44). 
 
Figure 44 
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II.3.5. Detection of chromosomal abnormalities specific to the diagnosis of blood 

diseases 

Chromosomal abnormalities can be detected by a standard karyotype, by FISH or RT-PCR. 
Karyotype is the only routine analysis able to study the whole tumoral genome. FISH and RT-
PCR are always focused on a specific abnormality and thus require a prior diagnostic 
hypothesis. Nevertheless, they can detect cryptic abnormalities that are undetectable by 
conventional karyotype. 
Furthermore, screening for a set of specific translocations by FISH or RT-PCR at diagnosis 
allows specific quantitative monitoring of residual disease during treatment. 
 
The figures below do not take into account standard karyotype analyses, but only those 
performed by molecular techniques, FISH or RT-PCR. 
 
 
II.3.5.1. Acute lymphoblastic leukemias (ALL) and acute myelocytic leukemias (AML) 

Acute lymphoid or lymphoblastic leukemias (ALL) are characterized by uncontrolled 
proliferation of immature lymphocytes.  
The WHO classification of ALL takes account of the karyotype and draws a distinction 
between the following cytogenetic entities:: t(9;22)(q34;q11) with BCR-ABL fusion, t(v;11q23) 
with rearranged MLL, t(1;19)(q23;q13) with E2A-PBX fusion and t(12;21)(p13;q22) with ETV6-
CBF-alpha fusion (TEL-AML1). 
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Chromosomal abnormalities also provide prognostic information: t (9; 22) and t (4; 11) 
translocations as well as hypodiploidy with fewer than 45 chromosomes are regarded as 
associated with a poor prognosis, while t (12; 21) and hyperdiploidy with more than 
50 chromosomes are associated with a favorable prognosis. 
 
Acute myeloid leukemias (AML) are acute or subacute clonal proliferations, developed from 
hematopoietic precursors (blasts) of myeloid, erythroid or megakaryocytic lines. 
The WHO classification includes some abnormalities in the criteria used to identify various 
AML entities: AML with t(8;21)(q22;q22)/AML1-ETO, acute promyelocytic leukemias (M3) with 
t(15;17)(q22;q12)/PML-RARA or variant translocations, AML with monocytic component and 
abnormal eosinophils with inv(16)(p13q22) and t(16;16)(p13;q22) / CBFB-MYH11 and 
monocytic component in AML with 11q23 (MLL) abnormalities. 
Chromosomal abnormalities are the strongest predictive factor of therapeutic response and 
risk of relapse. They are classified into three categories: t (15; 17), t (8; 21) and inv (16) are 
linked with good prognosis, complex karyotypes, abnormalities of 5 (-5/5q-), 7, 3q, t (6; 9) 
(p23; q34) and t (9; 22) (q34; q11) are in the poor risk group, while trisomy 8 and 11q23 
abnormalities are associated with intermediate risk.  
 

 Activity at national level 
In 2009, 2,632 patients were screened for chromosomal abnormalities by RT-PCR and 1,775 
patients were screened by FISH (Table 35). This activity remained stable between 2008 and 
2009 for both the FISH and RT-PCR techniques. 
 
 
Table 35 

  

Detection of various transcripts 
(RT-PCR) 

Chromosomal abnormalities 
(FISH) 

2008 2009 2008 2009 

Number of tests performed 3,938 6,301 3,256 3,223 

Number of patients 2,757* 2,632* 1,758 1,775 

*The item has not been notified by all platforms, estimation based on data provided 
 
 
The average number of transcripts per patient tested for by RT-PCR was 2.4 and ranged from 
1 to 4.2 according to the platform. The average number of chromosomal abnormalities 
detected by FISH is 1.8, ranging from 1 to 3.4 according to the platform. 
 
 

 Level of activity by platform 
RT-PCR detection of various transcripts is performed by 21 platforms, with an average activity 
of 94 patients per platform (Table 36). FISH screening for chromosomal abnormalities is 
performed by 22 platforms, with a median activity of 100 patients per platform. 26 platforms 
perform at least one of the two types of tests. 
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Table 36 

  Detection of various 
transcripts (RT-PCR) 

Chromosomal 
abnormalities (FISH) 

Median number of patients / platform 94 100 

Minimum number of patients / platform 8 6 

Maximum number of patients / platform 2,458 464 

Number of platforms performing the test 21 22 

 
 
 

 Origin of requests 
The origin of requests is different for each test (Figure 45). In both cases, the percentage of 
requests from private institutions is very low. The percentage of requests from local public 
hospitals is 41% for RT-PCR detection of transcripts, while only 9.1% of requests for FISH 
detection of chromosomal abnormalities come from hospital centers. 
 



REPORTS & SUMMARIES |  
The French national network of 28 hospital molecular genetics platforms : summary of the activity in 2009 
 

59

Figure 45 
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II.3.5.2. Other hemopathies: myeloproliferative syndromes (MPS) apart from CML and 

myelodysplastic syndromes (MDS) 

FISH detection of chromosomal abnormalities is performed on patients with suspected 
myeloproliferative or myelodysplastic syndrome.  
 
Myeloproliferative syndromes are characterized by uncontrolled production of mature myeloid 
cells by bone marrow. The following chronic malignant hemopathies are traditionally grouped 
under the term of MPS other than CML: essential thrombocythemia, polycythemia of Vaquez, 
myeloid metaplasia with myelofibrosis (or myeloid splenomegaly). There are also rare entities 
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such as syndromes involving the loci of PDGF and  genes and the 8p11 region, difficult to 
classify myeloproliferative disorders and myelodysplastic-myeloproliferative disorders.  
Myelodysplastic syndromes (MDS) are clonal disorders of hematopoietic stem cells, which 
exhibit a disorder of differentiation leading to intramedullary abortion of myeloid precursors 
and blood cytopenias. Cytogenetic tests performed on bone marrow reveal cytogenetic 
abnormalities: monosomy 5, monosomy 7, trisomy 8, trisomy 21, partial deletions of 5q, 7p 
and 20q. The diagnosis of MDS is based on cytological characteristics and is assisted by 
biological parameters, in particular by the identification of these cytogenetic abnormalities. 
Mutation screening (RAS, p53, FLT3, AML1, etc.) in MDS does not provide independent 
prognostic information or predict response to a specific treatment, and these tests are not 
justified as routine procedures13. 
 
 

 Activity at national level 
Screening for chromosomal abnormalities is sharply down from 56% for MPDs other than CML: 
411 patients in 2009, compared to 935 in 2008. This decrease is due to the sharp decline in 
activity of two platforms between 2008 and 2009. In contrast, activity remained stable for 
MDS, with 1,111 patients being tested in 2009 (Table 37). 
 
 
Table 37 

   Chromosomal abnormalities 

  
Myeloproliferative syndromes 

other than CML Myelodysplastic syndromes 

2008 2009 2008 2009 

Number of tests performed 1,035 520 1,311 1,514 

Number of patients 935 411 1,023 1,111 

 
 

 Level of activity by platform 
22 platforms perform these tests, with a median number of 11 patients per platform for MPSs 
and 51 patients for MDSs (Table 38). 
 
Table 38 

  
Myeloproliferative 

syndromes other than CML 
Myelodysplastic 

syndromes 

Median number of tests / platform 11 51 

Minimum number of tests / platform 1 5 

Maximum number of tests / platform 111 180 

Number of platforms performing the test 22 22 

 
 

                                                 
 
13 FRENCH CONSENSUS on myelodysplastic syndromes (MDS): DIAGNOSIS, CLASSIFICATION, TREATMENT UPDATE July 
2008 by the Francophone Group of myelodysplasia (GFM) 
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 Origin of requests 
Most requests come from within the region (Figure 46), with approximately 20% of requests 
coming from hospital centers and 5% from private institutions. 
 

Figure 46 

63,5%

26,4%

5,3%
4,8%

Origin of requests for screening for chromosomal 
abnormalities in MPS (excluding  CML)

% of internal requests
% of patients from public local hospitals
% of patients from private institutions
% of patients from another platform

 
 

72,4%

20,6%

5,5% 1,5%

Origin of requests for screening for chromosomal 
abnormalities in MDS

% of internal requests
% of patients from public local hospitals
% of patients from private institutions
% of patients from another platform

 
 



REPORTS & SUMMARIES |  
The French national network of 28 hospital molecular genetics platforms : summary of the activity in 2009 
 

62

II.4. Prognostic markers involved in determining patient treatment patient 
II.4.1. Chromosomal abnormalities in hemopathies 

II.4.1.1. Chronic lymphocytic leukemia (CLL) 

This is an abnormal accumulation of the lymphoid lineage with abnormally high rates of 
lymphocytes in the blood. Affected lymphocytes are most often type B lymphocytes, not very 
different from normal cells. 
 
The initiation of treatment depends on the stage of disease., and prognostic factors help 
clinicians choose between simple monitoring or prescription of chemotherapy. Cytogenetic 
abnormalities are vital major prognostic criteria. 13q deletion is a good prognostic factor 
while 11q (ATM gene) and 17p (p53 gene) deletions are correlated with poor prognosis. FISH 
chromosomal abnormality testing is essential to identify cryptic abnormalities that could not 
be detected by conventional karyotyping. 
 
Moreover, it has been shown that the presence of a point mutation in the p53 gene, without 
deletion of the gene, also had an adverse prognostic value. 
 
On the other hand, the leukemic cells of 50% of patients have somatic hypermutations in the 
variable rearranged regions of the heavy immunoglobulin chains. Testing for this mutation 
status can stratify patients into two groups with distinct evolutions. Mutated patients have 
favorable outcomes and low likelihood of developing aggressive diseases, while unmutated 
patients are at risk of developing progressive disease with a shortened survival.  
 

 Activity at national level 
In 2009, 2,369 patients were screened for chromosomal abnormalities, compared to 1,799 in 
2008, an increase of 31.6%. Moreover, screening for IgVH somatic mutations was performed on 
877 patients and 134 patients were screened for p53 mutations (Table 38). 
 
Table 38 

  
Chromosomal abnormalities 

(FISH) 
IgVH somatic mutations p53 mutation 

2008 2009 2009 2009 

Number of tests  5,450 5,295 880 138 

Number of patients 1,799 2,369* 877 134 

*The item was not reported by all platforms, estimate based on data provided 
 
 

 Level of activity by platform 
26 platforms perform screening for chromosomal abnormalities, with a median of 194 tests 
per platform (Table 39). Thirteen platforms perform screening for IgVH somatic mutations 
and 4 platforms screen for p53 mutation (Table 39).  
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Table 39 

  
Chromosomal 
abnormalities 

(FISH) 

IgVH somatic 
mutations 

p53 mutation

Median number of tests / platform 194 50 20.5 

Minimum number of tests / platform 13 6 5 

Maximum number of tests / platform 446 259 88 

Number of platforms performing the test 26 13 4 

 
 
 

 Origin of requests 
A small number of platforms screen for IgVH somatic and p53 mutations. They only perform 
these tests for healthcare facilities within their own region, and consequently not all French 
patients have access to these tests (Fig. 47). 
This can be explained by the existence of alternative techniques to screen for IgVH 
mutations : expression of the ZAP-70 protein in leukemic cells can correctly predict IgVH 
mutation status in more than 90% of patients. Testing for the expression of this protein can be 
performed by immunohistochemistry or by flow cytometry14. 
 
Figure 47 
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14 Crespo M and al. N Engl J Med 2003; 348: 1764-75. 
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Figure 47 (continuation) 
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II.4.1.2. Multiple myeloma and lymphoproliferative syndromes (LPS) 

Multiple myeloma (MM) is a malignant hemopathy characterized by monoclonal plasma cell 
proliferation invading hematopoietic marrow. 
The prognosis of multiple myeloma is poor. However, there are important differences with 
indolent forms and other very aggressive forms with rapid death. 
Tests for markers of poor prognosis must be performed so that clinicians can adjust the 
therapeutic approach. In particular, patients should be screened for genetic parameters 
associated with poor prognosis such as t (4; 14), (17p) deletion or (13) deletion. These tests 
must be performed on sorted cells and not on total marrow. 
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 Activity at national level 
3,066 patients were screened for chromosomal abnormalities in 2009, compared to 2,557 in 
2008, an increase of 20.0% (Table 40). 
 
Table 40 

  
Chromosomal abnormalities (FISH) 

2008 2009 

Number of tests performed 5,558 6,678 

Number of patients 2,557 3,066 

 
 

 Level of activity by platform 
Although this test is performed by 22 platforms, the platforms of Nantes and the AP-HP 
account between them for 67% of the activity (Table 41). This is because tests for 
chromosomal abnormalities in multiple myeloma have to be performed on sorted cells. It 
should be noted that 3 platforms perform this test on fewer than 10 patients per year. 
 
Table 41 

  Chromosomal abnormalities (FISH) 

Median number of tests / platform 35 

Minimum number of tests / platform 1 

Maximum number of tests / platform 1,416 

Number of platforms performing the test 22 

 
 Origin of requests 

44.4% of the samples on which this test is performed come from other platforms (Figure 48). 
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Figure 48 
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II.4.2. Screening for specific mutations in AML 

While cytogenetic abnormalities represent important prognostic factors to guide the 
management of AML patients, approximately 40% of patients show no cytogenetic 
abnormalities at the moment of diagnosis. 
Mutations with strong prognostic value have been identified in AML, such as the duplication of 
a part of the FLT3 gene or the addition of 4 nucleotides at the exon 12 of NPM. NPM 
mutations are related to a better prognosis while FLT3 duplication is associated with a worse 
prognosis. The combination of the wild-type FLT3 gene associated with the mutated form of 
NPM is related to a better prognosis, while the mutated form of FLT3 associated to wild-type 
NPM is related to the worst prognosis. 

Other mutations of prognostic value have been identified, such as WT1 or CEPBmutations. 
 
II.4.2.1. FLT3 and NPM mutations 

 Activity at national level 
In 2009, 2,191 patients were screened for FLT3 mutations, an increase of 30.3% compared 
to 2008. 
At the same time, 1,753 patients were screened for NPM mutations, an increase of 17.1% 
compared to 2008 (Table 42).  
 
Table 42 

  
FLT3 mutations NPM mutations  

2008 2009 2008 2009 

Number of tests performed 1,769 2,500 1,576 1,950 

Number of patients 1,681 2,191 1,497 1,753 
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 Levels of mutations and uninterpretable results 

16.1% of patients were found to have an FLT3 mutation (range 5.4% - 50.0%) and 21.2% of 
patients were found to have an NPM mutation (range 0% to 52.6%) (Figure 49). In both cases, 
the percentage of uninterpretable results is 0.6%. 

 
Figure 49 

 

 
 
 

 Level of activity by platform 
20 platforms screen for FLT3 and NPM mutations. Two platforms only screen for FLT3 
mutations (Table 43).  
The median activity level is 56 patients per platform for FLT3 mutation screening and 50 
patients per platform for NPM mutation screening. 
Two platforms, the CHU-CLCC de Lille and the AP-HP, are much more active than the other 
platforms with more than 500 tests in 2009, both for FLT3 and NPM mutation screening. It 
should be noted that the Lille platform is the referral center for acute myeloid leukemia of 
ALFA Group. 
 
 
Table 43 

  FLT3 mutations NPM mutations 

Median number of patients / platform 55.5 50 

Minimum number of patients / platform 4 9 

Maximum number of patients / platform 547 477 

Number of platforms performing the test 22 20 

 
 

 Origin of requests 
60% of FLT3 and NPM mutation testing was conducted on patients receiving treatment in 
institutions within the platform and about 10% on patients receiving treatment hospital 
centers in the region. Twenty-seven percent of tests for FLT3 and NPM mutations were 

Distribution of percentage of FLT3 mutations per laboratory

0% 10% 20% 30% 40% 50% 60% 

Distribution of percentage of NPM mutations per laboratory

0% 10% 20% 30% 40% 50% 60% 



REPORTS & SUMMARIES |  
The French national network of 28 hospital molecular genetics platforms : summary of the activity in 2009 
 

68

performed in response to extra-regional requests (Figure 50), which indicates that this is a 
referral activity.  
 
Figure 50 

60,1%

9,7%

3,0%

27,1%

Origin of requests for FLT3 mutation screening in ALL/AML

% of internal requests
% of patients from public local hospitals
% of patients from private institutions
% of patients from another platform

 

58,2%

11,5%

2,6%

27,6%

Origin of requests for NPM mutation screening in ALL/AML

% of internal requests
% of patients from public local hospitals
% of patients from private institutions
% of patients from another platform

 
 

 
II.4.2.2. CEBP and other mutations 

 Activity at national level 

Screening for CEB mutation was performed on 712 patients and screening for other 
mutations was performed on 1,338 patients in 2009 (Table 44). 
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Table 44 

  
CEPB mutations Other mutations 

2009 2009 

Number of tests performed 727 4,353 

Number of patients 712 1,338 

 
 
 

 Levels of mutations and uninterpretable results 

CEBP mutation was identified in 9.4% of patients, with 1.3% of uninterpretable results. 
Mutation of other genes was found in 29% of patients, 0.7% of uninterpretable results. 

 
 Level of activity by platform 

Screening for CEBP mutations is performed by 10 platforms, with a median activity of 26.5 
tests per platform (range 7 to 467 tests). One platform, CHU-CLCC de Lille, accounts for 66% 
of this activity. 
9 platforms screen for other mutations, with a median activity of 85 tests per platform (range 
1 to 766 tests). One platform, CHU-CLCC de Lille, accounts for 57% of this activity for the 
patients of its region. 
 

 Origin of requests 

Most of the activity is performed for other platforms (62.7% for CEBP mutations and 52.3% 
for other mutations) showing that it is a referral activity (Figure 51). 
 
Figure 51 
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II.4.3. Neuroblastoma: NMYC amplification and specific chromosomal 

abnormalities 

Neuroblastoma is a malignant tumor of neural crest cells giving rise to the sympathetic 
nervous system that occurs in children. It accounts for approximately 10% of solid tumors in 
children aged under 15 (about 100-150 new cases per year). In 90% of cases, neuroblastoma is 
diagnosed before the age of 5.  
The prognosis varies depending on the age of the child, on the extension at the time of initial 
assessment and on biomarkers, including NMYC status and specific chromosomal 
abnormalities. In particular, NMYC amplification is a factor of poor prognosis, and patients for 
whom NMYC amplification is proved require more intensive therapy.  
 

 Activity at national level 
This test was performed on 209 patients in 2009, against 257 in 2008 (Table 45). 
 
 
Table 45 

  
NMYC amplification 

2008 2009 

Number of tests performed 259 283 

Number of patients 257 209 

 
 

 Levels of amplification and uninterpretable results 
NMYC amplification was observed in 17.7% of patients. The percentage of uninterpretable 
results is 6.3%. 
 

 Level of activity by platform 
This test is performed by 8 platforms with a median activity of 9.5 patients per platform 
(range 1 - 81 patients). Three platforms deal with more than 50 patients per year (IGR, 
Institute Curie, and CHU-CLCC de Lyon) and between them account for 87.5% of the activity.  
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 Origin of requests 
More than 50% of these activities are carried out in response to requests from outside the 
region, showing that it is a referral activity (Figure 52). 
 
 
Figure 52 
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II.5. Monitoring disease 
II.5.1. Quantification of specific transcripts in hematological diseases 

The identification of a specific fusion transcript at the moment of diagnosis of ALL, AML or 
CML enables residual disease monitoring by FISH or by RQ-PCR and prediction of the risk of 
relapse. Treatment can then be adjusted at the earliest possible stage.  
 
 

 Activity at national level 
4,949 patients underwent monitoring of residual disease: 2,607 by the quantification of 
specific fusion transcripts, 1,356 by quantification of a mutated or hyperexpressed allele and 
986 by quantification of chromosomal abnormalities (Table 46). 
 
Table 46 

  

ALL / AML monitoring of residual disease 

Various fusion transcript 
quantifications 

Quantification of a 
mutated allele or 

hyperexpressed gene

Quantification of 
chromosomal abnormalities 

2008 2009 2009 2008 2009 

Number of tests  4,966 5,318 3,090 1,195 1,221 

Number of patients 1,937* 2,607* 1,356* 920* 986* 

*The item was not reported by all platforms, estimate based on data provided 
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 Level of activity by platform 
These tests are conducted by a variable number of platforms: 17 for the quantification of 
specific fusion transcripts, 9 for the quantification of a mutated or hyperexpressed allele and 
21 for the quantification of chromosomal abnormalities (Table 47). 
 
Table 47 

  
Quantification of 
fusion transcripts 

Quantification of a 
mutated allele or 

hyperexpressed gene 

Quantification 
of chromosomal 
abnormalities 

Median number of patients / platform 147 44 56 

Minimum number of patients / platform 44 13 7 

Maximum number of patients / platform 2,336 1,529 181 

Number of platforms performing the test 17 9 21 

 
 

 Origin of requests 
Quantification of fusion transcripts and mutated or hyperexpressed alleles are carried out in 
response to extra-regional requests (Figure 53). 
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Figure 53 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
II.5.2. Quantification of rearrangement of TCR or Ig genes in ALL 

As fusion transcripts are not always found at diagnosis, monitoring of residual disease in ALL is 
also carried out by analyzing rearrangement of TCR or Ig genes. The regions where these 
rearrangements fuse are unique for each tumor clone, and so unique to each patient. This 
methodology requires prior characterization of the rearrangement in question.  
 

 Activity at national level 
1,154 patients suffering from ALL were screened for B/T clonality and 948 patients underwent 
monitoring of residual disease by quantification of IgH-TCR in 2009 (Tables 48 and Table 49). 
This is a significant increase of 137% compared to 2008. 
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Table 48 

  
  

B-cell clonality T-cell clonality 

B-cell 
and/or T-

cell 
clonality 

IGH- 
DHJH  IGH-VHDHJH IGK IGL TCRB TCRD TCRG 

Number of 
patients  

Number of 
tests 
performed 
 

744* 1,242* 824* 54* 267* 1,182* 1,176* 1,154 

*The item was not reported by all platforms, estimate based on data provided 
 
 
Table 49 

  
IgH – TCR quantification 

2008 2009 

Number of tests performed 974 2,117 

Number of patients 400 948 

 
 

 Level of activity by platform 
8 platforms screen for B / T clonality in ALL, with a median activity of 28 patients per 
platform (Table 50). One platform (AP-HP) accounts for 75% of national activity. 
5 platforms perform IgH-TCR quantification. One platform (AP-HP) accounts for 66% of national 
activity. 
 
 
Table 50 

  B-cell and/or T-cell 
clonality IgH – TCR quantification 

Median number of patients / platform 28 65 

Minimum number of patients / platform 7 10 

Maximum number of patients / platform 856 632 

Number of platforms performing the test 8 5 

 
 

 Origin of requests 
7.3% of tests for B-cell and/or T-cell clonality and 15.8% of IgH- TCR quantification tests are 
performed for other platforms (Figure 54). Given the small number of platforms conducting 
these tests, national coverage is incomplete. 
 



REPORTS & SUMMARIES |  
The French national network of 28 hospital molecular genetics platforms : summary of the activity in 2009 
 

75

Figure 54 
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II.5.3. Post-transplant chimerism 

Analyses of chimerism after allogeneic hematopoietic stem cell transplant is performed to 
monitor the reconstitution of the immune system in patients in the first few weeks and 
months after transplant, and are a vital parameter for clinicians to monitor the patients. 
 

 Activity at national level 
Baseline testing was performed for 663 patients in 2009, and 1,585 patients underwent 
monitoring of post-transplant chimerism in 2009 (Table 51). On average, 3.9 tests are 
performed per patient per year. 
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Table 51 

  
Post-transplant chimerism 

baseline monitoring 

Number of tests performed 677 6,162 

Number of patients 663 1,585 

 
Added to this activity 441 baseline and monitoring tests were conducted on an unknown 
number of patients. 
 
 

 Level of activity by platform 
These tests are conducted by 11 and 12 platforms respectively (Table 52), with a median 
activity of 46 patients (baseline) and 94 patients (monitoring). 
 
Table 52 

  baseline monitoring 

Median number of patients / platform 46 94 

Minimum number of patients / platform 7 2 

Maximum number of patients / platform 225 595 

Number of platforms performing the test 11 12 

  
 

 Origin of requests 
11.6% of baseline tests and 19% of monitoring tests are performed in response to extra-
regional requests (Figure 55). 
 
 
Figure 55 
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Figure 55 (continuation) 
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II.6. Other predictive tests 
II.6.1. MGMT methylation in glioblastoma 

Treatment of patients with glioblastoma is based on radiotherapy with concomitant 
treatment followed by adjuvant temozolomide.  
MGMT methylation is a factor of chemosensitivity to temozolomide (alkylating agent) of 
glioblastomas (tumors are more chemosensitive in patients whose MGMT gene promoter is 
methylated). However, there is no alternative treatment for patients whose tumor is not 
methylated, and research is taking place to ascertain whether these patients would benefit 
from a higher dose of temozolomide15. In these conditions, further research is still necessary 
for MGMT methylation testing to have a clinical impact for patients.  
 
 

 Activity at national level 
472 patients underwent MGMT methylation testing in 2009 compared to 303 in 2008, an 
increase of 55.8% (Table 53). 
 
Table 53 

  
MGMT methylation 

2008 2009 

Number of tests performed 310 473 

Number of patients 303 472 

 

                                                 
 
15 Hegi ME and al. J Clin Oncol 2008; 26: 4189–99. 
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 Level of activity per platform 
This test is performed by 8 platforms with a median activity of 51 patients per platform 
(range 4 - 125 patients). 
 
 

 Origin of requests 
There is no extra-regional activity, showing that this is not a referral activity (Figure 56). 
 
 
Figure 56 
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II.6.2. Constitutional pharmacogenetics 

Pharmacogenetics is the study of the genetic mechanisms involved in the response to drugs 
and allows drug therapy to be optimized both in terms of efficacy and safety of use. 
Numerous genetic polymorphisms affecting genes coding for enzymes, transporters and 
receptors have been described as have their consequences on the effect of many drugs.  
For example: 

 UGT1A1 gene polymorphisms and increased toxicity to irinotecan: patients who are 
homozygous for the UGT1A1*28 allele have an increased risk of irinotecan toxicity: a 
reduced dose may be prescribed for them when treatment is initiated;  

 TPMT gene polymorphisms and increased toxicity to thiopurine drugs. Three alleles, 
TPMT*2, TPMT*3A and TPMT*3C, are involved in the vast majority of patients with 
reduced TPMT activity. Patients who are homozygous for these alleles are TPMT 
deficient and thus at increased risk of toxicity;  

 DPYD gene polymorphisms and increased toxicity to 5-FU: there is a demonstrated link 
between DPYD polymorphisms and increased toxicity to 5-FU. Nevertheless, not all 
polymorphisms involved in this mechanism have yet been identified. 
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 Activity at national level 
In 2009, 3,821 patients underwent constitutional pharmacogenetic tests compared to 3,233 
patients in 2008, an increase of 18.2% (Table 54). 
 
Table 54 

  
Constitutional pharmacogenetics 

2008 2009 

Number of tests performed 11,270 12,779 

Number of patients 3233 3821 

 
 
 

 Level of activity by platform 
This test is performed by 8 platforms with a median activity of 46 patients per platform 
(range 14 -3,478). Most of this activity (91%) is performed by the Angers platform, in 
particular for the analysis of DPYD and UGT1A1 gene polymorphisms. 
 

 Origin of requests 
48.2% of these tests are performed for other platforms, showing that it is a referral activity 
(Figure 57). However, national coverage is incomplete. 
 
Figure 57 
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III STAFF HIRED BY THE FUNDS ALLOCATED BY INCA AND DGOS 

Funds received by platforms have enabled, among other things, the hiring of almost 82 FTE 
non-medical personnel. The majority of these were technicians (58.32 FTE) and engineers 
(20.5 FTE) (Figure 58). Twenty-six platforms hired technicians and 14 platforms recruited 
engineers (Table 55). The median value is of 2 FTE technicians and 1 FTE engineer hired per 
platform. 
 
 
Figure 58 
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Table 55 

  FTE technicians FTE engineers 

Median FTE per platform 2 1 

Minimum FTE per platform 0 0 

Maximum FTE per platform 5.5 3 

Number of platforms hiring this type of personnel 26 14 
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IV. CONCLUSION AND PERSPECTIVES 

The summary of platform activity data highlights the following points: 

 
 Trend in the annual number of tests performed 

The annual number of tests performed by the platforms is summarized in Table 56. The 
overall volume is high, both for oncohematology and for solid tumors. For instance, over 
20,000 BCR-ABL quantification tests are performed each year, along with over 17,000 KRAS 
tests and over 12,000 JAK2 mutation tests. 

However, there is unlikely to be a sharp increase in activity from one year to another for all 
tests. Thus, the number of tests for cKIT and PDGFRA mutations has reached an equilibrium 
phase and remains stable from year to year. Similarly, after the sharp increase in KRAS tests 
performed between 2007 and 2009 on patients with metastatic colorectal cancer, the annual 
number of tests should stabilize unless there is an expansion in the prescription criteria.  

Further tests need to be performed on an increasing number of patients each year, such as 
residual disease monitoring in CML or AML by means of BCR-ABL quantification. 

Some tests are however increasing in volume and activity is expected to surge. Examples 
include tests for EGFR mutations in lung cancer: the volume of tests rose from 1,269 patients 
to 2,667 patients between 2008 and 2009. Ten thousand patients should have undergone EGFR 
mutation screening by now, the end of 2010, or a projected increase by a factor of 8 between 
2008 and 2010.  

Finally, the increase in the volume of testing is still insufficient for some tests, such as MSI 
testing in tumors of the HNPCC spectrum. Only 5,299 patients had an MSI test in 2009 out of 
the 15,000 tests that should be performed each year according to the report produced by C. 
Bonaiti16. 

 
 Percentage of patients for whom a result could not be obtained 

It is essential to minimize this figure because of the therapeutic impact of these tests for 
patients. 

Failure to obtain results is primarily due to the quality and quantity of samples. It is therefore 
very low in oncohematology. For solid tumors, the national value is less than 10% for all tests, 
but some laboratories have higher percentages of uninterpretable results, which should lead 
them to consider the issue and implement specific actions, especially with the pathologists 
who send the samples. For some cancer sites, such as lung cancer for example, the amount of 
available material is a determining factor.  

                                                 
 
16 Report on the estimated needs of the population for the next 10 years in terms of access to oncogenetic 

consultations and tests. 
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 Platforms’ regional role 

The platforms are required to perform molecular testing for all patients in their region 
regardless of the institution where they are being treated (university hospital, cancer center, 
hospital center or private institution). Thus 28% of BCR-ABL quantifications in CML, 69% of 
tests for KRAS mutations in colorectal cancer and 56% of translocation tests in sarcomas are 
performed for patients treated in hospital centers and private institutions. 

 

 Distribution of activity between platforms; 

Analysis of the origin of requests shows that two types of organization coexist depending on 
the number of tests to be performed at national level.  

Tests concerning a large number of patients are carried out by all or almost all platforms and 
a regional network exists. Examples include BCR-ABL quantification, KRAS and EGFR mutation 
screening, JAK2 mutation tests and the MSI test (Table 56).  

For tests concerning a small number of patients, some platforms conduct tests in response to 
extra-regional requests and therefore perform referral activity. There are several examples of 
this, including ABL mutation screening in CML in the event of imatinib resistance, cKIT and 
PDGFRA mutation screening in GIST, NMYC amplification screening in neuroblastomas, and 
testing for chromosomal abnormalities in sarcomas (Table 56). 

Molecular genetics platforms do not have to perform all molecular tests: they must ensure 
that patients in their region have access to these tests via a referral platform.  

Although a referral structure already exists, the issue of how to organize tests that are 
relevant to only a small number of patients needs to be considered. Examples include cKIT 
and PDGFRA mutation screening in GIST where 3 platforms alone carry out 65% of the activity 
and 5 platforms perform such tests on fewer than 10 patients per year. The same applies to 
screening for genetic abnormalities in sarcomas that are carried out by 13 platforms while 4 
platforms alone account for 86% of the activity and 7 platforms perform this test on fewer 
than 40 patients per year.  

Achieving a minimum volume of activity is of interest both in terms of quality and medico-
economics. Each test requires a specific expertise that demands adequate and regular 
practice. Furthermore, the medico-economic oncohematology studies conducted in the 
framework of STIC Rubih have shown that the cost of a molecular test was inversely 
correlated to the level of activity of the laboratory. A low level of activity thus leads to more 
expensive tests. 

For each test with a small number of patients, a specific network of platforms performing this 
activity at both regional and extra-regional level could be identified. 
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 National coverage of tests 

The combined analysis of the number of platforms performing the test and the origin of the 
requests pinpoints the tests for which geographical coverage is incomplete (Table 56).  

This can be explained in some cases by the existence of alternative non-molecular techniques 
and differences in practices at regional level. These include B/T clonality screening for the 
diagnosis of lymphoma or IGH mutation screening in CLL. Consideration should be given in this 
context to whether it would be appropriate to set up projects to compare techniques and 
possible harmonization of practices at national level. 

In other cases, incomplete national coverage for a test shows that its clinical utility has not 
yet been fully demonstrated or taken into account by clinicians able to request it. The 
possibility of harmonization of practices at national level for these tests should be 
considered. 
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Table 56: Summary of platforms activity in 2008 and 2009 

Tumor location Biomarker 

Number of 
patients 

(number of 
tests) 

in 2008 

Number of 
patients 

(number of 
tests) 

in 2009 

Type of test 

Predictive markers determining access to targeted therapy 

CML/ALL/AML 

BCR-ABL for diagnosis 6,171 6,235 regional level 

BCR-ABL quantification 7,410 (20,751) 8,196 (22,128) regional level 

ABL mutations 856 888 referral 

GIST 
c-KIT mutations 831 829 referral 

PDGFRA mutations 784 770 referral 

Breast cancer HER2 amplification 5,416 6,748 regional level 

Stomach cancer HER2 amplification / 65 
incomplete 
national 
coverage 

Colorectal cancer 

KRAS mutations 10,012 17,246 regional level 

BRAF mutations nd 3,200 
incomplete 
national 
coverage 

Lung cancer 

EGFR mutations 1,269 2,667 regional level 

KRAS mutations 1,111 1,885 
incomplete 
national 
coverage 

Markers guiding the diagnostic process  

MPD 

JAK2 V612F mutation 13,546 12,462 regional level/ 
referral 

Other mutations 486 2,167 
incomplete 
national 
coverage 

JAK2 quantification nd 2,226* 
incomplete 
national 
coverage 

Tumors of HNPCC 
spectrum 

MSI Test 4,531 5,299 regional level 

BRAF mutations 444 430 
incomplete 
national 
coverage 

MLH1 methylation 90 131 
incomplete 
national 
coverage 

Markers contributing to establishing the diagnosis in addition to clinical, morphological and 
biological parameters  

Sarcomas 
Various translocations 1,360 (2,494) 1,725* (3,113) referral 

MDM2CDK4 amplification 390 879* referral 

Lymphomas 

Chromosomal abnormalities 
(FISH) 

3,826* 

2,018 

regional level Detecting specific 
rearrangements 

2,180* 

Cyclin D1 quantification 497 
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Lymphomas B/T clonality nd 9,800* 

incomplete 
national 
coverage: non-
molecular 
alternative 
techniques 

Glioma 1p and 19q deletion 1,144 945 referral 

ALL/AML Detection of various fusion 
transcripts 2,757* (3 938) 2,632* (6,301) regional level 

ALL/AML Chromosomal abnormalities 
(FISH) 1,758 (3 256) 1,775 (3,223) regional level 

MPS other than 
CML 

Chromosomal abnormalities 
(FISH) 935 411 regional level 

MDS Chromosomal abnormalities 
(FISH) 1,023 1,111 regional level 

Prognostic markers involved in the guidance of the patient's treatment 

CLL  

Chromosomal abnormalities 
(FISH) 1,799 (5 450) 2,369* (5,295) regional level 

IgVH somatic mutations  nd 877 

incomplete 
national 
coverage: non-
molecular 
alternative 
techniques 

p53 mutation nd 134 
incomplete 
national 
coverage 

ALL/AML 

FLT3 mutations 1,681 2,191 referral 

NPM mutations 1,497 1,753 referral 

CEPBmutation nd 712 referral 

Other gene mutations  nd 1,338 (4,353) referral 

Neuroblastoma Amplification of NMYC 257 209 referral 

Markers for monitoring residual disease 

ALL/AML 

Quantification of fusion 
transcripts  1,937* (4,966) 2,067 (5,318) 

regional level/ 
referral 

Quantification of a mutated
allele or hyperexpressed gene 

nd 1,356 (3,090) 

Quantification of chromosomal 
abnormalities nd 986 (1,221) 

ALL Quantification of IgH - TCR 400 (974) 948 (2,117) referral 

leukemias 

Post-transplant chimerism -
baseline 

1,905* (10,581)
663 referral 

Post transplant chimerism-
monitoring 1,585 (6162) referral 

Other predictive tests 

Glioblastoma MGMT methylation 303 472 
incomplete 
national 
coverage 

Constitutional 
pharmacogenetics 

DPYD, UGT1A1, TPMT 
mutations… 

3,233 (11,270) 3,821 (12,779) 
incomplete 
national 
coverage 

*The item was not reported by all platforms, estimate based on data provided 
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ANNEX 1: THE 28 HOSPITAL MOLECULAR GENETICS PLATFORMS  

Alsace 
 CHU - CLCC de Strasbourg - CH de Mulhouse - CH de Colmar 

Coordinators: Marie-Pierre Gaub and Jean-Pierre Ghnassia  
 
Aquitaine 

 CHU - CLCC de Bordeaux   
Coordinator: Jean-Philippe Merlio  
 
Auvergne 

 CHU - CLCC de Clermont-Ferrand 
Coordinator: Andreï Tchirkov  
 
Basse Normandie 

 CHU - CLCC de Caen 
Coordinator: Marie-Laure Kottler  
 
Bourgogne 

 CHU - CLCC de Dijon 
Coordinator: Françoise Piard  
  
Bretagne 

 CHU - CLCC de Rennes 
Coordinators: Thierry Fest and Nathalie Rioux-Leclercq  
 

 CHU de Brest 
Coordinator: Jean-François Abgrall  
 
Centre 

 CHRU de Tours 
Coordinator: Jean-Christophe Pagès  
 
Champagne-Ardenne 

 CHU - CLCC de Reims 
Coordinator: Christine Clavel  
  
Franche-Comté 

 CHU de Besançon  
Coordinator: Christiane Mougin  
 
Haute-Normandie 

 CHU - CLCC de Rouen 
Coordinator: Jean-Christophe Sabourin  
 
Île-de-France 

 Gustave Roussy Institute 
Coordinator: Jean-Michel Bidart  
 

 Curie Institute 
Coordinator: Olivier Delattre  
 

 Centre René Huguenin – CH de Versailles 
Coordinator: Ivan Bièche   
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 AP-HP 
Coordinator: Michel Marty  
 
 
Languedoc-Roussillon 

 CHU - CLCC de Montpellier - CHU of Nîmes 
Coordinator: Thierry Maudelonde  
 
Limousin 

 CHU de Limoges 
Coordinators: François Labrousse and Jean Feuillard  
 
Lorraine 

 CHU - CLCC de Nancy 
Coordinator: Philippe Jonveaux  
 
Midi-Pyrénées 

 CHU - CLCC de Toulouse 
Coordinator: Éric Delabesse  
 
Nord-Pas-de-Calais 

 CHU - CLCC de Lille 
Coordinator: Nicole Porchet  
 
Pays de la Loire 

 CHU - CLCC de Nantes 
Coordinator: Hervé Avet-Loiseau  
 

 CHU - CLCC de Angers  
Coordinators: Alain Morel and Pascal Reynier  
 
Poitou-Charentes 

 CHU de Poitiers 
Coordinators: Ali Turhan and Lucie Karayan-Tapon  
 
Provence Alpes Côte d’Azur 

 CHU - CLCC de Nice -  
Coordinator: Florence Pedeutour  
 

 CHU - CLCC de Marseille 
Coordinator: Jean Gabert  
 
Rhône-Alpes 

 CHU - CLCC de Lyon 
Coordinator: Jean-Yves Scoazec  
 

 CHU de Grenoble 
Coordinator: Dominique Leroux  
 

 CHU de Saint-Étienne 
Coordinator: Lydia Campos  
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ANNEX 2: FUNDING RECEIVED 

Platform 
INCa Grants 
2006 and 

2007* 

DGOS Funding 
2007 and 

2008++ 

KRAS Grant 
2008* 

EGFR Grant* DGOS Funds 
2010 KRAS++ 

DGOS Funds 
2010 BCR-ABL++ 

CHU-CLCC de 
Strasbourg; CH de 
Colmar; CH de 
Mulhouse 

155,625 € 120,000 € 70,500 € 43,500 € 60,000 € 73,000 € 

CHU-CLCC Bordeaux 206,500 € 210,000 € 138,500 € 90,000 € 140,000 € 150,000 € 

CHU-CLCC de 
Clermont Ferrand 100,000 € 120,000 € 59,000 € 33,000 € 59,000 € 48,500 € 

CHU - CLCC de Caen 80,000 € 40,000 € 47,000 € 36,000 € 47,000 € 44,000 € 

CHU - CLCC de Dijon 200,000 € 120,000 € 59,000 € 45,000 € 65,000 € 49,000 € 

CHU - CLCC de 
Rennes 

200,000 € 150,000 € 118,000 € 79,000 € 118,000 € 50,000 € 

CHU de Brest 150,,000 € € 100,000 € 35,500 € 22,500 € 25,000 € 31,000 € 

CHRU de Tours 100,000 € 60,000 € 70,500 € 40,000 € 81,000 € 23,000 € 

CHU - CLCC de 
Reims 125,000 € 60,000 € 47,000 € 37,500 € 47,000 € 16,500 € 

CHU de Besançon 150,000 € 120,000 € 35,500 € 30,000 € 40,000 € 43,000 € 

CHU - CLCC de 
Rouen 

220,000 € 120,000 € 94,500 € 80,000 € 85,000 € 50,000 € 

Gustave Roussy 
Institute 

150,000 € 160,000 € 47,000 € 60,000 € 47,000 € 22,500 € 

Curie Institute 150,000 € 185,000 € 47,000 € 25,000 € 57,000 € 0 € 

AP-HP 600,000 € 510,000 € 395,000 € 300,000 € 405,000 € 445,000 € 

CLCC Saint Cloud; 
CH de Versailles 100,000 € 40,000 € 47,000 € 25,000 € 50,000 € 54,000 € 

CHU - CLCC de 
Montpellier - CHU de 
Nîmes 

100,000 € 130,000 € 118,000 € 50,000 € 118,000 € 55,000 € 

CHU de Limoges 0 € 60,000 € 35,500 € 16,500 € 25,000 € 28,000 € 

CHU - CLCC de 
Nancy 200,000 € 135,000 € 94,500 € 60,000 € 94,500 € 43,000 € 

CHU - CLCC de 
Toulouse 100,000 € 210,000 € 118,000 € 70,000 € 118,000 € 84,000 € 

CHRU - CLCC de Lille 300,000 € 330,000 € 138,500 € 132,000 € 178,500 € 189,000 € 

CHU - CLCC de 
Marseille 300,000 € 210,000 € 138,500 € 100,000 € 138,500 € 110,000 € 

CHU-CLCC de Nice 140,000 € 100,000 € 70,500 € 40,000 € 70,500 € 45,000 € 

CHU - CLCC de 
Nantes 91,500 € 130,000 € 47,000 € 60,000 € 57,000 € 73,000 € 

CLCC d’ Angers 50,000 € 100,000 € 118,000 € 30,000 € 80,000 € 28,500 € 

CHU de Poitiers 100,000 € 60,000 € 59,000 € 40,000 € 80,000 € 73,000 € 

CHU - CLCC de Lyon 300,000 € 295,000 € 138,500 € 72,000 € 138,500 € 121,000 € 

CHU de Grenoble 142,650 € 120,000 € 47,000 € 47,000 € 40,000 € 21,000 € 

CHU de Saint-
Étienne 

70,000 € 40,000 € 35,500 € 30,000 € 35,500 € 30,000 € 

  4,651,275 € 4,035,000 € 2,469,500 € 1,694,000 € 2,500,000 € 2,000,000 € 

*: INCa grants for a duration of 12 months 
++: ongoing funding under the Social Security Funding Bill (PLFSS) 
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