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In lung cancer, an association was made between drastic clinical response to epidermal growth factor receptor (EGFR) inhibitors and the presence of somatic mutations within the tyrosine kinase domain of the EGFR. In some cases, patients with partial response or disease stabilization do not always have EGFR-mutated tumors. To go further in the characterization of the EGF pathway, we screened EGFR, ERBB2, ERBB3, KRAS, BRAF, and PIK3CA for mutations in 2 groups of White patients with nonsmall cell lung cancer (45 cancers from women and 46 cancers from men). Associations between TP53 mutations, clinicopathologic parameters, and EGF pathway molecular alterations were analyzed. All mutations were exclusive and essentially found in EGFR and KRAS. We demonstrated that EGFR mutations were linked to female sex, absence of smoking, late age at diagnosis, and adenocarcinoma (ADC) with bronchioloalveolar (BAC) features. Moreover, in invasive ADC with BAC component, microdissection assays showed that mutations were retrieved in both tumor subtypes suggesting that EGFR mutations appear early in lung carcinogenesis. On the contrary, KRAS mutations correlated with smoking, younger age at diagnosis, and ADC subtype regardless of BAC differentiation. These results suggest the existence of distinct carcinogenesis pathways both leading to disruption of EGF regulation and targeted either by tobacco carcinogens or by unidentified toxic. The identification of BAC features in ADC helps clustering patients that are more likely to fit the EGFR-mutated group.

L ung cancer is a leading cause of mortality worldwide with an estimated incidence of more than 1 million new cases every year [GLOBOCAN 2002. Cancer Incidence, Mortality and Prevalence Worldwide (2002 estimates), 2004. Available at: http://WWW-DEP. IARC.FR/globocan/globocan.html]. Smoking has been identified as the major risk factor for lung cancer with more than 90% of cancers arising in smokers or former smokers. Nonsmall cell lung cancer (NSCLC) is a biologically heterogeneous group of cancers with various clinical presentation, histology, and outcome. Groups of patients with different clinicopathologic features need to be identified. NSCLC counts: squamous cell carcinoma (SCC), large cell carcinoma, adenocarcinoma divided in invasive adenocarcinoma (ADC), and bronchioloaleolar carcinoma (BAC). Concerning relations between cancer types and smoking status, lung cancer diagnosed in nonsmokers are more likely to be ADC; in contrast, SCC are often related to heavy tobacco use. [START_REF] Muscat | Lung cancer pathology in smokers, exsmokers and never smokers[END_REF] Tumors occurring in never-smokers also differ from that of smokers at a genetic point of view. [START_REF] Ahrendt | Cigarette smoking is strongly associated with mutation of the K-ras gene in patients with primary adenocarcinoma of the lung[END_REF][START_REF] Gealy | Comparison of mutations in the p53 and K-ras genes in lung carcinomas from smoking and nonsmoking women[END_REF] The most striking evidence is the recent identification of a subgroup of patients with obvious response to gefitinib (Iressa), an inhibitor of the epidermal growth factor receptor (EGFR). Indeed, tumor sensitivity was related to the existence of EGFR mutations in tumor tissues. [START_REF] Lynch | Activating mutations in the epidermal growth factor receptor underlying responsiveness of non-small-cell lung cancer to gefitinib[END_REF][START_REF] Paez | EGFR mutations in lung cancer: correlation with clinical response to gefitinib therapy[END_REF] EGFR mutations have been linked to ADC type, female sex, Asian ethnicity, and absence of smoking although the classification based on histoclinicopathologic features remains unsatisfactory to select patients that will benefit from treatment. Moreover, EGFR immunohistochemistry (IHC) is not contributive. [START_REF] Wakeling | Iressa): an orally active inhibitor of epidermal growth factor signaling with potential for cancer therapy[END_REF] Finally, a small group of lung cancers that respond to EGFR inhibition therapy or show prolong stabilization have wild-type EGFR. [START_REF] Huang | High frequency of epidermal growth factor receptor mutations with complex patterns in nonsmall cell lung cancers related to gefitinib responsiveness in Taiwan[END_REF][START_REF] Lynch | Activating mutations in the epidermal growth factor receptor underlying responsiveness of non-small-cell lung cancer to gefitinib[END_REF] This could be due to (i) alteration of other EGF pathway partners or (ii) tumor cell heterogeneity.

EGFR is a member of the ERBB receptor tyrosine kinase (TK) family (ERBB2, ERBB3, ERBB4). It forms functional homodimers or heterodimers with other family members to activate downstream elements of the EGF growth signaling pathway as Ras/Braf/ERK, PI3K/Akt, or STAT and to promote cell growth. [START_REF] Jorissen | Epidermal growth factor receptor: mechanisms of activation and signalling[END_REF] Lung ADC is itself heterogeneous in terms of histology and can be divided into 2 majors groups invasive ADC (acinar, papillary, solid, mucinous, or mixed subtypes) and BAC. The presence of both ADC and BAC features within the same tumors is common. Selective presence of the EGFR mutation to 1 cell type could explain variability in terms of response to EGFR inhibitors.
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MATERIALS AND METHODS

Patients

Frozen tumor tissues and adjacent nontumor lung parenchyma were obtained in accordance with French law. Forty-five consecutive women operated at the Georges Pompidou hospital in Paris, France, from 2002 to 2004 and 46 men randomly selected, who underwent surgery during the same period of time for NSCLC, were included in the study. Patients with relapse of first cancer or neoadjuvant chemotherapy were excluded. Tumors were graded according to the 2004 World Health Organization (WHO) classification of lung neoplasms. [START_REF] Ahrendt | Cigarette smoking is strongly associated with mutation of the K-ras gene in patients with primary adenocarcinoma of the lung[END_REF][START_REF] Shigematsu | Somatic mutations of the HER2 kinase domain in lung adenocarcinomas[END_REF] Tumor types in women (W) and men (M) were ADC, 20 (W) and 25 (M); BAC, 4 (W) and 0 (M); large cell carcinoma, 6 (W) and 0 (M); and SCC, 2 (W) and 20 (M). Thirteen tumors in women and 1 in men associated ADC and BAC. Tumor stages were stage I in 26 (W) and 20 (M), stage II in 5 (W) and 12 (M), stage III in 12 (W) and 13 (M), and undetermined in 2 (W) and 1 (M). Twenty women and 1 man were nonsmokers. Mean age was 62.2 ± 12.5 years for women and 64 ± 11 years for men.

Molecular Analysis

Tumor and adjacent lung parenchyma were snap frozen in liquid nitrogen at the time of surgery, and stored at À 801C. Qiamp extraction kit (Qiagen, Courtaboeuf, France) was used for subsequent extraction after proteinase K digestion. Paraffin-embedded sections were extracted with similar method after paraffin removal using toluene and alcohol. For frozen tissues, molecular screening was run by direct sequencing after amplification and purification of each exon using Big dye terminator sequencing kit V3.1 (Applied Biosystems, Courtaboeuf, France).

Alterations of the EGFR pathway were determined by molecular screening of EGFR exons 18-19-20-21, ERBB2 exons 18-19-20-21-22-23, and ERBB3 exons 18-19-20-21 that encompass TK domains and ERBB3 exon 28 that contains the consensus binding sequence for binding the p85 subunit of PI3K. Sequencing of downstream members of the EGF pathway included PIK3CA ex9 and 20, KRAS exon 1, and BRAF ex11 and 15. Finally, exons 4 to 9 were screened for TP53 mutations. Polymerase chain reactions (PCRs) were run using Amplitaq Gold (Applied Biosystems). Sephadex G100 and G50 were used for PCR products and sequence purification (Millipore, Courtaboeuf, France). Sequences were run on an ABI Prism 3100 genetic analyzer (Applied Biosystems) and analyzed with Autoassembler software (Applied Biosystems). Mutations were controlled by resequensing tumors and corresponding nontumor tissues from new PCR products to validate the somatic acquisition of the mutations in all mutated cases.

Paraffin-embedded samples presenting BAC and invasive ADC areas were dissected and DNA extraction was performed separately on each subtype to investigate whether or not both subtypes carried the altered allele.

Mutation L858R and exon 19 deletions (del747-753insQ747, del746-752insV746, and del 747-751insP747) have been tested using accurate methods for amplification of paraffin fixed tissues. Primers were selected to generate PCR fragments of less than 120 bases pairs, L858RU:GGTGAAAACACCGCAGCAT, L858RL:CA CCTCCTTACTTTGCCTCCT, DEL19U:famTGGATC CCAGAAGGTGAGAA, DEL19L:CCACACAGCAAA GCAGAAAC. L858R was analyzed by restriction fragment length polymorphism (RFLP) using MscI restriction enzyme, and exon 19 deletions were studied using fluorescent primers and fragment analysis on an ABI Prism 310 automated sequencer (Applied Biosystems).

TP53 Mutation Analysis

Exons 4, 5, 6, 7, and 8 were analyzed by direct sequencing as previously described. [START_REF] Cabelguenne | p53 alterations predict tumor response to neoadjuvant chemotherapy in head and neck squamous cell carcinoma: a prospective series[END_REF] 

Pathological Analysis

Paraffin-embedded tumor samples were analyzed with hematoxylin eosin safran staining, TTF-1, and EGFR antibodies. IHC of EGFR and TTF-1 were accomplished using an automated staining machine NexES IHC (Ventana Medical System SA, Tucson, AZ,), following manufacturer's instructions. EGFR antibody was supplied by Zymed (Zymed laboratories Inc, San Francisco, CA) and used at a working concentration of 1.5 mg/mL. EGFR expression was considered positive when more than 50% of neoplastic cells showed clear membranous labeling. EGFR-positive tumors are defined as any IHC staining of tumor cell membranes above background level. No specific cutoff has been validated, in our experience; semiquantification is not more informative than positive or negative. The 50% cutoff was chosen arbitrary and driven by clinical practice although, a choice of a 10% cutoff would not have modified our results. [START_REF] Robert | Phase I/IIa study of cetuximab with gemcitabine plus carboplatin in patients with chemotherapy-naive advanced non-small-cell lung cancer[END_REF] TTF-1 was supplied by DAKO (Golstrup Denmark) and used at a working concentration of 2 mg/mL. A nuclear expression of TTF-1 was considered positive when tumoral nuclei were labeled.

PCR protocols and primer sequences can be detailed on request.

Statistical Analysis

The qualitative variables were compared using w 2 test of Fisher exact test when necessary, quantitative variables were compared using t test. All tests were performed using STATA 7.0 (StataCorp LP, College Station, TX). 

RESULTS

Six members of the EGFR pathway were subjected to mutational analysis. Overall results showed that 34 tumors out of 91 (37%) had 1 molecular alteration. Mutations distributed as follows: 17 in KRAS (20%), 15 in EGFR (16.5%), 1 in ERBB2 (1%), 1 in PIK3CA (1%), and none in ERBB3 or BRAF (Table 1).

Concerning the EGFR gene, exon 18 through 21 and intron boundaries were subjected to mutational analysis. These exons encompass all the EGFR mutations described so far. Thirteen mutations were found in women (29%). Twelve mutations were found in nonsmokers; among them, 11 had previously been described and 1 new inframe insertion of 3 amino acids was identified in exon 20 (Ins 2312 GCGTGG, 771 scrine, valine, aspartic acid 773). This scrine, valine, aspartic acid insertion had already been found at position 2549 in a Taiwanese patient. [START_REF] Huang | High frequency of epidermal growth factor receptor mutations with complex patterns in nonsmall cell lung cancers related to gefitinib responsiveness in Taiwan[END_REF] Mutation 13 is an intronic mutation IVS18-59G>T found in a SCC from a smoking woman. For this last one, RNA study was not contributive to show a variant splicing profile. Mutations with functional consequences (n = 12) were found in 4 ADC, 1 BAC, and 7 ADC with BAC component. Among the mutated tumors, 2 were mucinous. In the men group, 2 new mutations were found in SCC from heavy smokers (4%), 1 was a silent mutation F723F, and the other was P753L. The latter one is located in the tyrosine kinase inhibitor (TKI) domain; the proline is a conserved amino acid among species (mouse, rat) and in other human proteins including BRAF.

Overall, EGFR mutations were linked to tumors with BAC component, indeed, 50% of tumors presenting BAC features had EGFR mutation (P = 0.003), nonsmoking status (P<0.001), female sex (P = 0.001), and late age at diagnosis (P = 0.018). No correlation was found with stage (Table 2).

As the BAC component seemed predictive of EGFR mutations, we focused on this group of cancers. In 4 EGFR-mutated samples (2 exon 19 deletions and 2 L858R), we dissected the paraffin-embedded tumor and separated the ADC from the BAC component to run molecular analysis on each subtype. EGFR mutations were tested by RFLP for L858R and by fragment analysis using fluorescent primers for deletions in exon 19. In all cases, the alteration was found in both the ADC and the BAC fraction (Fig. 1).

Concerning ERBB2 TK domain, 1 ADC from a smoking woman showed an insertion of 4 AA (ins774 AYVM) that has already been reported in lung cancer. No mutation was found in ERBB3.

Mutations in KRAS codon 12 were found in 17 tumors (17/90); in more than 50% of cases, it changed glycine into cysteine (G12C). Mutations were linked to smoking status (P = 0.009), ADC histology (P = 0.016), and young age at diagnosis (P = 0.002) (Table 2).

BRAF encodes a RAS-regulated kinase, that can be activated by mutation in human cancer. Mutations were screened in exons 11 and 15. No BRAF mutation was identified in this series of NSCLC.

PIK3CA is a downstream effector of the EGFR pathway; 1 SCC from a smoking man showed the E545K mutation already identified in cancers.

Mutations in EGFR, ERBB2, KRAS, or PIK3CA were exclusive.

As expected, TP53 mutations were identified in almost one-half of tumors (42/92), 16 women and 26 men, 1 tumor had 2 mutations. The distribution was found as follows: 18 missenses, 10 nonsenses, 11 frame-shifts resulting from deletions, 3 splice, and 1 complex ins-del mutation. No correlation was found between TP53 and EGFR mutations, sex, histology, or tobacco consumption. All alterations that were found in EGFR-mutated tumors were deletions type mutations excepted for 1 case. IHC for EGFR was performed on 40 lung cancers including all EGFR-mutated tumors. Positive membranous staining of tumor cells was observed in more than 90% of the cases. Indeed, among 25 ADC including those with EGFR mutations and 15 SCC, positivity was detected in 24 ADC and in all SCC. As expected, no correlation was found with EGFR mutations. Clinical practice and literature demonstrated that NSCLC express EGFR in most of the cases independently of the histologic type or the EGFR mutational status. It was suggested that until a validated test predictive of benefit from EGFR-targeted therapy will be available, the eligibility of NSCLC patients should not be based on the EGFR expression. [START_REF] Arteaga | Clinical trial design and end points for epidermal growth factor receptor-targeted therapies: implications for drug development and practice[END_REF][START_REF] Bailey | Evaluation of epidermal growth factor receptor (EGFR) as a predictive marker in patients with nonsmall-cell lung cancer (NSCLC) receiving first-line gefitinib combined with platinum-based chemotherapy[END_REF] Correlations were identified in this series of patients between age at diagnosis and tobacco consumption with a mean age of 68.5 ± 2.1 years for nonsmokers and 61.1 ± 1.4 years for smokers (P = 0.01) and sex and tobacco (only 1 man was nonsmoker). Multivariate analysis including age, sex, tumor type, and tobacco consumption showed that tobacco is an independent risk factor for EGFR mutation. In nonsmokers, the relative risk of having an EGFR-mutated tumor is 15 [2,18-105] with P = 0.006.

DISCUSSION

Lung cancer incidence is increasing worldwide and the ADC subtype is being predominant. In this series, it represents 82% of cases in women and 56% in men.

Recent studies focused on the presence of EGFR mutations in relation with response to TKI in lung cancer. Associations were made between this genetic alteration and female sex, ADC subtype and absence of smoking. To go further in the characterization of the EGF pathway in lung cancer, we analyzed EGFR, ERBB2, ERBB3, KRAS, BRAF, and PIK3CA mutations in 2 groups of patients with various lung cancer histologies. One group counts 45 women and the other 46 men. We first assessed the frequency of mutations in genes mentioned above and studied the distribution of EGFR genetic alterations and KRAS gene mutations according to the histological type, stage, sex, and smoking history. We then focused on tumors with ADC/BAC features and studied the presence of the EGFR mutation either in the ADC or BAC component using microdissected paraffin-embedded tissue sections.

Although independent studies suggested that mutations in ERBB2, BRAF, and PIK3CA could be found in NSCLC, [START_REF] Brose | BRAF and RAS mutations in human lung cancer and melanoma[END_REF][START_REF] Lee | ERBB2 kinase domain mutation in the lung squamous cell carcinoma[END_REF][START_REF] Naoki | Missense mutations of the BRAF gene in human lung adenocarcinoma[END_REF][START_REF] Samuels | High frequency of mutations of the PIK3CA gene in human cancers[END_REF] this work shows, in a single series of patients, that genetic alterations of the EGF transduction pathway are mainly owing to mutations in EGFR or KRAS; both anomalies, taken together, account for more than 90% of alterations. The mutation rates found for PIK3CA, BRAF, and ERBB2 are in accordance with previous reports and had been estimated under 2%. [START_REF] Brose | BRAF and RAS mutations in human lung cancer and melanoma[END_REF][START_REF] Naoki | Missense mutations of the BRAF gene in human lung adenocarcinoma[END_REF][START_REF] Samuels | Oncogenic mutations of PIK3CA in human cancers[END_REF][START_REF] Shigematsu | Somatic mutations of the HER2 kinase domain in lung adenocarcinomas[END_REF][START_REF] Stephens | Lung cancer: intragenic ERBB2 kinase mutations in tumours[END_REF] No mutation was found in the ERBB3 TK domain or in exon 28. Exon 28 is known to carry binding sites for PIK3CA which is linked to antiapoptotic signaling pathway. [START_REF] Hellyer | ErbB3 (HER3) interaction with the p85 regulatory subunit of phosphoinositide 3-kinase[END_REF] We showed that alteration of the EGFR pathway is because of a single gene mutation (ie, EGFR, ERBB2, PIK3CA, and KRAS), confirming the finding that KRAS and EGFR mutations were exclusive. [START_REF] Kosaka | Mutations of the epidermal growth factor receptor gene in lung cancer: biological and clinical implications[END_REF] EGFR-activating mutations lead to increased receptor phosphorylation in presence of EGF and increased stimulation of downstream effectors. Tumors with effectors already activated by mutations are not dependent upon EGF stimulation. It seems clear that the EGFR pathway is of importance in lung cancer through the involvement of the RAS-MAPK as the effect on carcinogenesis of mutated KRAS is equivalent to that of mutated EGFR. On the contrary, TKI sensibility was related to PIK3CA activation and is therefore restricted to EGFR mutated tumors in which both MAPK and PIK3CA are deregulated.

We found that 16.5% of patients carried mutations in the TK domain of the EGFR gene. The prevalence of EGFR mutations in ADC is in accordance with previous published series in Whites [START_REF] Lynch | Activating mutations in the epidermal growth factor receptor underlying responsiveness of non-small-cell lung cancer to gefitinib[END_REF][START_REF] Paez | EGFR mutations in lung cancer: correlation with clinical response to gefitinib therapy[END_REF] and lower than that described in Asians (40%). [START_REF] Hsieh | Female sex and bronchioloalveolar pathologic subtype predict EGFR mutations in non-small cell lung cancer[END_REF][START_REF] Huang | High frequency of epidermal growth factor receptor mutations with complex patterns in nonsmall cell lung cancers related to gefitinib responsiveness in Taiwan[END_REF][START_REF] Kosaka | Mutations of the epidermal growth factor receptor gene in lung cancer: biological and clinical implications[END_REF] In contrary to what was shown in Taiwanese or Japanese, EGFR mutations were always heterozygous, no complex pattern was retrieved and they were all somatic mutations as confirmed by molecular screening of nontumoral lung epithelium. [START_REF] Huang | High frequency of epidermal growth factor receptor mutations with complex patterns in nonsmall cell lung cancers related to gefitinib responsiveness in Taiwan[END_REF][START_REF] Kosaka | Mutations of the epidermal growth factor receptor gene in lung cancer: biological and clinical implications[END_REF] In ADC, all mutations but 1 (INS2312 GCGTGG) were either deletions around codons 746-753 (exon 19) within the TK domain or the L858R substitution (exon 21) in the activation loop. Three mutations, retrieved in SCC from smoking patients, had not been described, ISV 18-59 C>A, F723F, and P753L. The P753L mutation is located in the frequently deleted region of the TKI domain and the proline is a conserved amino acid among species and other related proteins. Although, in vitro study was not undertaken to prove that this alteration has clinical consequences, it can be hypothesized on the basis of its localization. The identification of EGFR mutation in a subset of SCC has not been reported before and suggested that a small number of SCC could benefit from EGFR targeted therapy.

ADCs with BAC features were analyzed for the presence of EGFR mutation with special interest to genetic heterogeneity between both subtypes. We looked for the presence of the alteration in each histologic subtype after microdissection of paraffin-embedded sections and developed a reliable screening method to be used on paraffin specimens. For the tumors tested, EGFR mutation was present in both subtypes suggesting clonality. This result is important in terms of treatment as both subtypes are expected to respond to TKI therapy.

Clinicopathologic correlations showed that EGFR mutations were linked to female sex, absence of smoking, and ADC with BAC features. A recent article showed that EGFR mutations were specific to terminal-respiratory-unit type ADC, which includes in the WHO classification nonmucinous BAC, most ADC mixed subtype with a BAC component, and a subset of papillary carcinoma. [START_REF] Yatabe | EGFR mutation is specific for terminal respiratory unit type adenocarcinoma[END_REF] The importance of the presence of a BAC component has not always been underlined in previous reports and is to be taken into account in diagnosis. [START_REF] Huang | High frequency of epidermal growth factor receptor mutations with complex patterns in nonsmall cell lung cancers related to gefitinib responsiveness in Taiwan[END_REF][START_REF] Kosaka | Mutations of the epidermal growth factor receptor gene in lung cancer: biological and clinical implications[END_REF][START_REF] Marchetti | EGFR mutations in nonsmall-cell lung cancer: analysis of a large series of cases and development of a rapid and sensitive method for diagnostic screening with potential implications on pharmacologic treatment[END_REF] This observation is relevant to the fact that EGFR TKI therapy was found more efficient in patients with BAC and that ADC with BAC features show higher sensibility to gefitinib. [START_REF] Miller | Bronchioloalveolar pathologic subtype and smoking history predict sensitivity to gefitinib in advanced non-small-cell lung cancer[END_REF] It also suggests that EGFR mutations are implicated in BAC development and linked to pulmonary cell lineage. Indeed, no EGFR mutations were found in tumor tissues other than lung. [START_REF] Sihto | Epidermal growth factor receptor domain II, IV, and kinase domain mutations in human solid tumors[END_REF] However, in this series, 4 ADC without BAC features were found mutated. We showed that all 4 were TTF-1-positive and all EGFRmutated cases in this series demonstrating that cells are of pulmonary lineage. Tissue sections were reexamined after EGFR mutation status was defined. All 4 were classified as mixed ADC as they demonstrated papillary and acinar structures, and in 3 cases, small BAC component (<10%) was identified. Overall only 1 ADC with EGFR mutation remained totally free of BAC component.

In conclusion, ADC type, BAC features, and TTF-1-positive staining are important predictive markers of EGFR mutations whereas EGFR expression is not informative. Therefore, the identification of markers and structures linked to pulmonary cell lineage is of importance in selecting patients that should have an EGFR mutation test. Moreover, it was suggested that the expression of both TTF-1 and SPPB which are pulmonary cell markers helps predict EGFR mutation status. [START_REF] Yatabe | EGFR mutation is specific for terminal respiratory unit type adenocarcinoma[END_REF] In this series, no correlation was found with stage suggesting that EGFR mutations are not associated with tumor progression. Moreover, recently, EGFR mutations were found in atypical adenomatous hyperplasia, a preinvasive lesion, in 1 patient and in histologically normal pulmonary epithelium in lung cancer patients demonstrating that EGFR mutations appear early in lung carcinogenesis. [START_REF] Tang | EGFR tyrosine kinase domain mutations are detected in histologically normal respiratory epithelium in lung cancer patients[END_REF][START_REF] Yatabe | EGFR mutation is specific for terminal respiratory unit type adenocarcinoma[END_REF] In our experience, normal pulmonary epithelium was tested for mutation in all mutated tumors; no alteration was retrieved in histologically normal tissues.

Concerning KRAS, mutations were linked to ADC regardless of BAC features, no association between KRAS and stage or female sex was found as it was suggested previously. [START_REF] Nelson | Implications and prognostic value of K-ras mutation for early-stage lung cancer in women[END_REF] EGFR and KRAS mutations are inversely related to age. Risk factors, possibly environmental carcinogens, associated to carcinogenesis in nonsmokers drive late cell transformation. Studies in Asians suggested that papilloma virus or cooking oil fume could be implicated in nonsmokers lung cancers; risk factors in White female remains to be determined. [START_REF] Cheng | Gender difference in human papillomarvirus infection for non-small cell lung cancer in Taiwan[END_REF][START_REF] Ko | Chinese food cooking and lung cancer in women nonsmokers[END_REF] In conclusion, this work focuses on the link between EGFR mutation and BAC development. It underlines the importance of accurate pathologic diagnosis in lung cancer as histologic markers are related to EGFR mutations and identification of cell lineage seems of major importance before molecular diagnosis (any BAC component, TTF-1 positivity, and mixted ADC). EGFR and KRAS-mutated tumors define 2 different types of carcinoma for whom extensive genetic study should be undertaken to better understand associated carcinogenesis pathways and identify new therapeutic targets.

FIGURE 1 .

 1 FIGURE 1.A representative result of ADC with bronchioalveolar features for which EGFR mutation screening showed the L858R mutation. After dissection of both histologic subtypes and subsequent DNA extraction, L858R was retrieved in both counterparts by RFLP analysis as described in the Materials and Methods section. The arginine at codon 858 suppress a MscI site, mutated tumors showed 3 bands representative of an heterozygous status, nonmutated controls showed complete digestion of the PCR product.

TABLE 1 .

 1 Mutation Results in EGFR, KRAS, PI3CA, ERBB2,

	and Clinicopathologic Features of the Mutated Tumors
	and ERBB3

TABLE 2 .

 2 Associations Between EGFR, KRAS, and TP53 Mutations and Clinical Parameters

		EGFR (wt%)	EGFR (mut%)	KRAS2 (wt%)	KRAS2 (mut%)	TP53 (wt%)	TP53 (mut%)
	Tobacco						
	Yes n = 69	88	20	73	100	49	51
	No n = 21	12	80	27	0	64	36
		P<0.001	P = 0.009	NS	
	Tumor type						
	ADC n = 45	90	10	73	27	55.5	44.5
	ADC/BAC n = 18	50	50	67	33	66.6	33.4
	LCC n = 6	100	0	100	0	33.4	66.6
	SCC n = 22	88	12	100	0	45.4	54.6
		P = 0.003	P = 0.016	NS	
	Sex						
	Women n = 45	70	30	80	20	61	39
	Men n = 46	95	5	80	20	46	54
		P = 0.001	NS		NS	
	Age						
	Median	61.8 (59-64.5)	69.6 (64.5-74.6)	65 (62.6-68)	54 (50.5-57.7)	64.6 (61.1-68)	61.3 (57.8-64.8)
		P = 0.018	P = 0.002	NS	

ADCs are divided into pure ADC and ADC with bronchioloalveolar features. For 1 patient, smoking status was not available.
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