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 II).

In contrast, the two patients harbouring 2p gains not including MYCN were alive and treatment free after a follow-up of 88 and 105 months, respectively (Table II).

Based on these observations, we analyzed the impact of MYCN gain on CLL presentation and outcome. By comparing biological and clinical features at diagnosis, no differences were observed between CLL with gain of MYCN compared to those devoid of such genetic lesion, with the possible exception of a higher absolute lymphocyte count in cases carrying MYCN gain (p=.029; Table I).

The impact of MYCN gain on CLL prognosis was estimated by utilizing OS as a clinical endpoint. In the whole CLL cohort, after a median follow-up of 72.1 months for alive patients, 39/176 patients had died, accounting for a 5-years OS of 84.1%. By univariate analysis, CLL harbouring MYCN gain at diagnosis were at increased risk of death (Events/N: 3/4; HR: 5.35; 95% CI 1.62-17.68; p=.006; 6-years OS: 25.0%; 95% CI 0-67.5%) compared to CLL without MYCN gain (Events/N: 36/172; 6-year OS: 80.8%; 95% CI 74.0-87.6%) (Table III and Figure 1). Other features at diagnosis associated with CLL survival by univariate analysis were those expected in a consecutive CLL series, and included IGHV homology >98% (p=.005), +12 (p=.049), 11q22-q23 deletion (p=.014), 17p13 deletion (p<.001), TP53 mutations (p=.048), CD38 expression (p=.006), age >70 years (p<.001), Binet stage B-C (p<.001), and beta-2-microglobulin >2.5 mg/l (p=.001) (Table III).

By multivariate analysis, gain of MYCN was selected as an independent predictor of OS in this CLL cohort (HR: 4.79; 95% CI 1.13-17.39; p=.017), along with 17p13 deletion (HR: 2.28; 95% CI 1.01-5.15; p=.045), age >70 years (HR 3.89; 95% CI: 1.88-8.05; p<.001), and Binet stage B-C (HR: 3.31; 95% CI 1.55-7.06; p=.002) (Table III). Gains of REL, BCL11A or MYCN have been reported by Chapiro et al. [START_REF] Chapiro | Gain of the short arm of chromosome 2 (2p) is a frequent recurring chromosome aberration in untreated chronic lymphocytic leukemia (CLL) at advanced stages[END_REF] to occur in 10% CLL, a prevalence that is higher than the 2-3% prevalence observed in our cohort. The discrepancy between our study and the study by Chapiro et al. [START_REF] Chapiro | Gain of the short arm of chromosome 2 (2p) is a frequent recurring chromosome aberration in untreated chronic lymphocytic leukemia (CLL) at advanced stages[END_REF] may be explained by the differences that distinguish the two CLL cohorts. Indeed, Chapiro et al. [START_REF] Chapiro | Gain of the short arm of chromosome 2 (2p) is a frequent recurring chromosome aberration in untreated chronic lymphocytic leukemia (CLL) at advanced stages[END_REF] analysed REL, BCL11A or MYCN in 86 CLL, all Binet stage B-C, at the time of treatment requirement. On the contrary, our study was based on a consecutive series of 176 CLL, that included all Binet stages and that in all cases have been analysed at the time of diagnosis. Some studies suggest that, in CLL, 2p gains as a whole may associate with poor risk features, such as advanced stage, unmutated IGHV genes and 17p13 deletion [START_REF] Forconi | Genome-wide DNA analysis identifies recurrent imbalances predicting outcome in chronic lymphocytic leukaemia with 17p deletion[END_REF][START_REF] Chapiro | Gain of the short arm of chromosome 2 (2p) is a frequent recurring chromosome aberration in untreated chronic lymphocytic leukemia (CLL) at advanced stages[END_REF][START_REF] Haferlach | Comprehensive genetic characterization of CLL: a study on 506 cases analysed with chromosome banding analysis, interphase FISH, IgV(H) status and immunophenotyping[END_REF]. Our results are consistent with these observations and suggest that, among individual proto-oncogenes included in the 2p amplicon, poor prognosis may be heralded by gain of MYCN. The relevance of MYCN gain in determining CLL prognosis is also suggested by the observation that, in our cohort, the negative prognostic impact associated with gain of MYCN appears to be independent of stage at presentation, IGHV mutation status, or presence of 17p13 deletion. Future studies are required to validate these results in larger patient populations.

METHODS

Patients

The study was based on a consecutive series of 176 previously untreated CLL who presented for initial evaluation at the Division of Haematology of the Amedeo Avogadro University 

Analysis of IGHV rearrangements

IGHV rearrangements were amplified from genomic DNA and directly sequenced [START_REF] Rossi | Stereotyped B-cell receptor is an independent risk factor of chronic lymphocytic leukemia transformation to Richter syndrome[END_REF].

Sequences were aligned to ImMunoGeneTics (IMGT) directories, and considered mutated if homology to the corresponding germline gene was <98%. 

Analysis of TP53 mutations

Mutation analysis of TP53 exons 2 through 10 was performed by DNA direct sequencing on an ABI Prism 3100 automated DNA sequence analyzer (Applied Biosystems, Foster City, CA) [START_REF] Rossi | The prognostic value of TP53 mutations in chronic lymphocytic leukemia is independent of Del17p13: implications for overall survival and chemorefractoriness[END_REF].

Flow cytometry

A FACScalibur flow cytometer (Becton-Dickinson, San Jose, CA) was utilized for flow cytometric analysis. Expression of CD38, ZAP70, and CD49d was analyzed as reported [START_REF] Gattei | Relevance of CD49d protein expression as overall survival and progressive disease prognosticator in chronic lymphocytic leukemia[END_REF]. Cutoff points of 30%, 20%, and 30% were utilized to define positivity for CD38, ZAP70, and CD49d, respectively.

Statistical analysis

Overall survival (OS) was measured from CLL diagnosis to last follow-up (censoring) or death. Categorical variables were compared by chi-square test or exact tests when appropriate.

Continuous variables were compared by Mann-Whitney test. Survival analysis was performed by

Kaplan-Meier method using log-rank statistics to test for significant associations. Multivariate analysis was performed by Cox proportional hazard regression. All statistical tests were two-sided.

Statistical significance was defined as p-value <0.05. The analysis was performed with SPSS software v.17.0 (Chicago, IL). 
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 2 The genetic profile of chronic lymphocytic leukemia (CLL) is characterized by a pool of recurrent lesions, including trisomy 12, deletions of 13q14, 11q22-q23, 17p13, and 6q21, and t(14q)(32) translocations[START_REF] Döhner | Genomic aberrations and survival in chronic lymphocytic leukemia[END_REF]. The aforementioned lesions can be detected by FISH and may harbour prognostic information[1]. Array-based comparative genomic hybridization (aCGH) has identified gain of multiple regions on the short arm of chromosome 2 as a recurent CLL lesion, that contain the REL, BCL11A, and MYCN proto-oncogenes that are involved in haematologic malignancies [2-5]. The exact prevalence of REL, BCL11A, and MYCN gains at the time of CLL diagnosis is currently unknown in consecutive series of the disease. Moreover, some studies indicate that 2p gains as a whole may herald progressive and/or poor risk disease, yet the prognostic contribution of the individual genes included in the amplicon, i.e. REL, BCL11A, and MYCN, remains undefined [4-6]. The aim of this study was twofold: i) characterize the prevalence of REL, BCL11A, and MYCN gains in a consecutive CLL series at the time of diagnosis; ii) define the prognostic relevance of REL, BCL11A, and MYCN gains in CLL. The study is based on a consecutive series of 176 newly diagnosed and phenotypically typical CLL (median Matutes score: 5; range 4-5) [7,8], representative of all disease stages. The biological and clinical characteristics of the CLL series are reported in

  that: i) gains of REL, BCL11A and MYCN occur at low frequency at CLL diagnosis; and ii) 2p gains including MYCN might have potential prognostic relevance in CLL.

  of Eastern Piedmont from June 1996 through June 2008. Patients provided informed consent in IRB requirements and Declaration of Helsinki. CLL diagnosis was based on NCI criteria and confirmed by a flow cytometry score >3[START_REF] Cheson | National Cancer Institute-sponsored Working Group guidelines for chronic lymphocytic leukemia: revised guidelines for diagnosis and treatment[END_REF][START_REF] Matutes | The immunological profile of B-cell disorders and proposal of a scoring system for the diagnosis of CLL[END_REF]. The following biological variables were analyzed on peripheral blood mononuclear cells (PBMNC) collected at diagnosis: i) IGHV gene homology to germline; ii) FISH karyotype; iii) TP53 mutations; iv) CD38, ZAP70, and CD49d expression. Patients were managed according to NCI guidelines[START_REF] Cheson | National Cancer Institute-sponsored Working Group guidelines for chronic lymphocytic leukemia: revised guidelines for diagnosis and treatment[END_REF].Interphase FISHProbes used for FISH analysis were: i) LSI13 and LSID13S319 for detection of 13q14 deletion; CEP12 for detection of aneuploidy of chromosome 12; LSIp53 for detection of 17p13 deletion; LSIATM for detection of 11q22-q23 deletion; LSI N-MYC for detection of MYCN gain; LSI IGH dual color break-apart for detection of t(14)(q32) translocation (Abbott, Rome, Italy); ii) 6q21/alpha-satellite for detection of 6q21 deletion (Kreatech Biotechnology, Amsterdam, The Netherlands); iii) BAC clones 373L24-rel for detection of REL gain and 440P05-BCL11A for detection of BCL11A gain. Nuclei were counterstained with 4',6'-diamidino-2-phenylindole (DAPI) and antifade, and signals were visualized using an Olympus BX51 microscope (Olympus Italia, Milan, Italy). For each probe, at least 500 interphase cells with well-delineated fluorescent spots were examined.
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 1 FIGURE LEGENDS

Table I .

 I By FISH, gain of REL was observed in 6/176 (3.4%) cases, gain of BCL11A in 5/176 (2.8%), and gain of MYCN in 4/176 (2.3%). The median percentage of nuclei harbouring gains was 46.8% (range: 18.0-85.0%) for REL, 66% (range: 14.0-77.4%) for BCL11A, and 78.2% (range: 45.0-90.0%) for MYCN. The number of additional copies was 1 for REL, 1 for BCL11A, and 1 for MYCN. REL, BCL11A, and MYCN were concomitantly gained in the same clone in 4/176 (2.3%) cases. REL and BCL11A, but not MYCN, were concomitantly gained in the same clone in 1/176 (0.5%) cases. In 1/176 (0.5%) cases, the sole REL gene was gained.Analysis of survival in patients with 2p gains revealed that all but one patients with 2p gains including MYCN have died for CLL progression or transformation to Richter syndrome (Table
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Table I . Biological and clinical characteristics and cause of death of the CLL series according to MYCN status a

 I 

	Characteristics		All patients	gain	MYCN normal	p
	Biological variables				
	IGHV homology >98%		62/173 (35,8%) 3/4 (75.0%)	59/169 (34.9%)	.132
	Stereotyped HCDR3		42/173 (24,3%) 1/4 (25.0%)	41/169 (24.3%)	1.000
	FISH				
	normal		46/176 (26,1%) 0/4	46/172 (26.7%)	.574
	del13q14		91/176 (51,7%) 3/4 (75.0%)	88/172 (51.2%)	.622
	+12		36/176 (20,5%) 0/4	36/172 (20.9%)	.583
	del11q22-q23		13/176 (7,4%)	1/4 (25.0%)	12/172 (7.0%)	.266
	del17p13		19/176 (10,8%) 2/4 (50.0%)	17/172 (9.9%)	.058
	del6q21		5/170 (2,9%)	0/4	5/166 (3.0%)	1.000
	t(14)(q32)		15/175 (8,6%)	1/4 (25.0%)	14/171 (8.2%)	.304
	TP53 mutation		18/160 (11,3%) 1/4 (25.0%)	17/156 (10.9%)	.383
	CD38 >30%		48/176 (27,3%) 1/4 (25.0%)	47/172 (27.3%)	1.000
	ZAP70 >20% CD49d >30% Matutes score Clinical variables Age (years) Male	50/159 (31,4%) 2/4 (50.0%) 68/161 (42.0%) 1/4 (25.0%) 5 (4-5) 5 (4-5) 69 (61-76) 68 (63-84) 92/176 (52,3%) 3/4 (75.0%) r F o F o r F o r	48/155 (31.0%) 67/157 (42.7%) 5 (4-5) 68 (61-75) 89/172 (51.7%)	.591 .639 .987 .578 .622
	Binet stage B-C Splenomegaly Nodal involvement Lymph node size >3 cm PB lymphocytes (x10 9 /l) BM lymphocytes (%) b Diffuse BM pattern Beta-2-microglobulin >2.5 mg/l LDH >ULN	40/176 (22,7%) 0/4 27/176 (15,3%) 2/4 (50.0%) 59/176 (33,5%) 0/4 27/176 (15,3%) 0/4 P P P 10,5 (5,9-19.0) 22.9 (16.2-123.3) e e e 40 (20-56) 70 (32-85) 32/172 (18,6%) 2/4 (50.0%) 79/176 (44,9%) 3/4 (75.0%) 32/176 (18,2%) 2/4 (50.0%) e r e r e r	40/172 (23.3%) 25/172 (14.5%) 59/172 (34.3%) 27/172 (15.7%) 10.3 (5.6-18.5) 40 (20-65) 35/168 (20.8%) 76/172 (44.2%) 30/172 (17.4%)	.575 .112 .302 1.000 .029 .178 .203 .327 .152
	Cause of death CLL Infection Secondary cancer Other a 25 th -75 th percentiles are reported in parentheses for continuous variables; IGHV, immunoglobulin heavy chain variable gene; HCDR3, immunoglobulin 19/39 (48,7%) 1/3 (33.3%) 18/36 (50.0%) 5/39 (12,8%) 0/3 R R R 5/36 (13.9%) 6/39 (15,4%) 1/3 (33.3%) 5/36 (13.9%) 9/39 (23,1%) 1/3 (33.3%) e e e 8/36 (22.2%) heavy chain complementarity determining region 3; PB, peripheral blood; BM, bone marrow b Percentage of BM lymphocytes was determined on BM biopsies v i e v i e v i e
				w w w	

Table III . Biological and clinical characteristics of the CLL series predicting OS by univariate and multivariate Cox analysis a

 III 

		Events/ patients	HR	95% LCI	Univariate 95% UCI	p	HR	Multivariate b 95% LCI 95% UCI	p
	Biological variables							
	MYCN gain	39/176	5.358 1.623	17.688	.006	4.790 1.319	17.395	.017
	del13q14	39/176	.650	.398		1.063	.086	
	Normal	39/176	.832	.460		1.504	.543	
	+12	39/176	1.677 1.003	2.805	.049	
	del11q22-q23	39/176	2.324 1.182	4.567	.014	
	del17p13	39/176	3.339 1.829	6.094	<.001	2.289 1.017	5.151	.045
	TP53 mutation	37/160	2.451 1.007	5.966	.048	
	IGHV homology >98%	39/173	2.525 1.318	4.836	.005	1.642 .790	3.411	.184
	CD38 >30%	39/176	2.475 1.305	4.694	.006	
	ZAP70 >20%	35/159	1.011 .993		1.029	.249	
	CD49d >30%	35/171	1.687 .865		3.290	.125	
	Clinical variables							
	Age >70 years	39/176	4.290 2.106	8.740	<.001	3.892 1.881	8.052	.000
	Male sex	39/176	1.203 .636		2.276	.570	
	Binet stage B-C	39/176	3.727 1.963	7.076	<.001	3.316 1.555	7.069	.002
	Splenomegaly	39/176	4.194 2.191	8.026	<.001	
	Nodal involvement	39/176	2.111 1.059	4.208	.034	
	Lymph node size >3 cm	39/176	3.039 1.444	6.398	.003	
	PB lymphocytes >20 x10 9 /l	39/176	1.511 .772		2.957	.228	
	BM lymphocytes >50%	38/172	2.837 1.375	5.851	.005	
	Diffuse BM pattern	38/172	3.088 1.621	5.885	.001	
	Beta-2-microglobulin >2.5 mg/l	39/176	3.295 1.639	6.623	.001	
	LDH >ULN	39/176	1.911 .971		3.762	.061	

a HR, hazard ratio; LCI, lower confidence interval; UCI, upper confidence interval; IGHV, immunoglobulin heavy chain variable gene; PB, peripheral blood; BM, bone marrow b Events/patients = 39/173

Acknowledgments: This study was supported by Progetto Giovani Ricercatori 2008, Ministero della Salute, Rome, Italy; FIRB 2008, MIUR, Rome, Italy; Ricerca Sanitaria Finalizzata, Regione Piemonte, Torino, Italy; Progetto Integrato Oncologia, Ministero della Salute, Rome, Italy;