Baptiste Gailllard 
  
Pascale Cornillet-Lefebvre 
  
Quoc-Hung H Le 
  
Karim Maloum 
  
Mélanie Pannetier 
  
Carinne Lecoq-Lafon 
  
Béatrice Grange 
  
Ludovic Jondreville 
  
Lucienne Michaux 
  
Nathalie Nadal 
  
A Ittel 
  
I Luquet 
  
S Struski 
  
C Lefebvre 
  
J B Gaillard 
  
M Lafage- Pochitaloff 
  
E Balducci 
  
D Penther 
  
C Barin 
  
M A Collonge-Rame 
  
M Jimenez-Poquet 
  
S Richebourg 
  
P Lemaire 
  
S Defasque 
  
I Radford-Weiss 
  
A Bidet 
  
S A Susin 
  
F Nguyen-Khac 
  
E Chapiro 
email: elisechapiro@aphp.fr
  
  
  
Clinical and biological features of B-cell neoplasms with CDK6 translocations: an association with a subgroup of splenic marginal zone lymphomas displaying frequent CD5 expression, prolymphocytic cells, and TP53 abnormalities
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INTRODUCTION

A translocation involving the CDK6 gene is a rare but recurrent abnormality in mature B-cell neoplasms. Three different translocations have been described: t(2;7)(p11;q21) (the most frequent), t(7;14)(q21;q32) and t(7;22)(q21;q11), leading to juxtaposition of the CDK6 gene with the IGK, IGH or IGL locus, respectively, and thus CDK6 overexpression. The t(2;7) was first reported by [START_REF] Vahdati | Karyotype analysis of B-lymphocytes transformed by Epstein-Barr virus in 21 patients with B cell chronic lymphocytic leukemia[END_REF] in a patient with chronic lymphocytic leukemia (CLL) [START_REF] Vahdati | Karyotype analysis of B-lymphocytes transformed by Epstein-Barr virus in 21 patients with B cell chronic lymphocytic leukemia[END_REF] and by [START_REF] Oscier | Cytogenetic studies in splenic lymphoma with villous lymphocytes[END_REF] in two cases of splenic lymphoma with villous lymphocytes [START_REF] Oscier | Cytogenetic studies in splenic lymphoma with villous lymphocytes[END_REF]. Since then, about 40 cases of t(2;7) and its variants have been documented in patients with different diagnoses: splenic marginal zone lymphoma (SMZL) [START_REF] Baro | New chromosomal alterations in a series of 23 splenic marginal zone lymphoma patients revealed by Spectral Karyotyping (SKY)[END_REF][START_REF] Corcoran | Dysregulation of cyclin dependent kinase 6 expression in splenic marginal zone lymphoma through chromosome 7q translocations[END_REF][START_REF] Douet-Guilbert | Translocation t(2;7)(p11;q21) associated with the CDK6/IGK rearrangement is a rare but recurrent abnormality in B-cell lymphoproliferative malignancies[END_REF], Remstein, et al 2008, Salido, et al 2010[START_REF] Xochelli | Translocation t(2;7)(p11.2;q21.2): a rare genetic aberration associated with B-cell lymphoproliferative disorders of marginal-zone origin[END_REF], CLL [START_REF] Cavazzini | Chromosome 14q32 translocations involving the immunoglobulin heavy chain locus in chronic lymphocytic leukaemia identify a disease subset with poor prognosis[END_REF][START_REF] Douet-Guilbert | Translocation t(2;7)(p11;q21) associated with the CDK6/IGK rearrangement is a rare but recurrent abnormality in B-cell lymphoproliferative malignancies[END_REF][START_REF] Fink | Loss of TP53 is due to rearrangements involving chromosome region 17p10 approximately p12 in chronic lymphocytic leukemia[END_REF][START_REF] Hayette | In B-cell chronic lymphocytic leukemias, 7q21 translocations lead to overexpression of the CDK6 gene[END_REF], high-grade and low-grade B-cell lymphoma not otherwise specified [START_REF] Chen | Clinicopathologic features of CDK6 translocation-associated B-cell lymphoproliferative disorders[END_REF], and monoclonal B-cell lymphocytosis (MBL) [START_REF] Parker | Molecular characterization of a t(2;7) translocation linking CDK6 to the IGK locus in CD5(-) monoclonal B-cell lymphocytosis[END_REF].

Given the rarity of CDK6 translocations [t(CDK6)], the few studies published to date featured small numbers of patients. Hence, the associated clinical and biological features, genomic aberrations, and prognostic implications of this rare abnormality have not been fully characterized. Here, we describe the clinical, cytogenetic, and molecular features of 57 cases of B-cell neoplasms harboring a t(CDK6)the largest such series reported to date.

METHODS

Patient selection

Databases from 18 French, Belgian and Canadian institutions (covering the period from 2000 and 2017) were retrospectively screened for patients with a mature B-cell neoplasm harboring a t(2;7)(p11;q21) or variants involving the CDK6 gene. The patients' characteristics at diagnosis were recorded when available. If possible, the immunophenotype was scored according to Matutes et al. [START_REF] Matutes | The value of scoring systems for the diagnosis of biphenotypic leukemia and mature B-cell disorders[END_REF] or Moreau et al. [START_REF] Moreau | Improvement of the chronic lymphocytic leukemia scoring system with the monoclonal antibody SN8 (CD79b)[END_REF]. Cytogenetic and molecular analyses were performed at diagnosis for 38 patients, during follow-up and before treatment for 16 (median time between diagnosis and sampling: 28.5 months), and at relapse for 3. The study was performed in accordance with the Declaration of Helsinki, and was approved by the local investigational review board (CPP Ile-de-France VI, Paris, France) on May 21 th , 2014.

Karyotyping and FISH analysis

Standard chromosome banding analyses were used to obtain R-or G-banded chromosomes from peripheral blood (n=44), bone marrow (BM) (n=12) or lung biopsy (n=1) samples. Karyotypes (K) were reviewed by the members of the French-speaking Group for Cytogenetic Hematology (Groupe Francophone de Cytogénétique Hématologique) and classified according to the International System for Human Cytogenetic Nomenclature 2016. Complex K (CK) and high-complex K (HCK) were defined as the presence of at least three or at least five numerical or structural chromosomal abnormalities, respectively. FISH was performed according to standard procedures. The specific probes used were as follows: IGK (2p11) break-apart (Dako, Santa Clara, CA, and/or Cytocell, Cambridge, UK, or homegrown bacterial artificial chromosome (BAC) clones RP11-316G9, RP11-526L16 and RP11-1021F11 [START_REF] Martin-Subero | Interphase FISH assays for the detection of translocations with breakpoints in immunoglobulin light chain loci[END_REF]), IGH (14q32) break-apart (Abbott Molecular, Des Plaines, IL), TRA/TRD (14q11) break-apart (Cytocell), ATM (11q22), TP53 (17p13), D13S319 (13q14), centromere of chromosome 12 (MetaSystems Probes, Altlussheim, Germany), BCL2 (18q21) break-apart and BCL6 (3q27) break-apart (Dako). A break-apart probe for CDK6 rearrangements was built using homegrown BAC clones RP11-246N14 and RP11-90H9. Extraction, labeling, and hybridization were performed as described previously [START_REF] Cosson | 14q deletions are associated with trisomy 12, NOTCH1 mutations and unmutated IGHV genes in chronic lymphocytic leukemia and small lymphocytic lymphoma[END_REF].

Diagnoses and cytological assessments

Of the 57 patients included in the study, 10 were initially diagnosed as having CLL (n=6), high-count CLL-like MBL (n=2) and SLL (n=2), according to the World Health Organization criteria [START_REF] Swerdlow | WHO Classification of Tumours of Haematopoietic and Lymphoid Tissues, Revised 4th Edition[END_REF]. A cytology review was performed in six of the 10 cases. Among the 47 other patients, 3 were classified as B-cell prolymphocytic leukemia (B-PLL) and 44 were considered as low grade lymphomas, excluding mantle cell lymphoma and follicular lymphoma. Most of these 44 cases were classified as MZL, including 4 with a histological confirmation on a splenectomy sample (n=3) or BM biopsy (n=1). A cytology review of blood smears and/or BM aspirate smears was performed in 28 of the 47 cases. The cytological criteria described by Matutes et al. were used to identify a typical MZL aspect [START_REF] Matutes | Splenic marginal zone lymphoma proposals for a revision of diagnostic, staging and therapeutic criteria[END_REF]. For comparative purposes, blood smears of 10 SMZL cases (with a confirmed diagnosis after the histological assessment of a splenectomy sample) known to lack t(2;7)(p11;q21) or a variant were reviewed at the same time. The cytology review was performed by three expert cytologists (KM, MP, and CLL).

IGHV and mutational analyses

Molecular analyses were performed on DNA extracted from whole blood (n=28) or from cytogenetic pellets (n=9). IGH sequences were analyzed as described previously [START_REF] Ghia | ERIC recommendations on IGHV gene mutational status analysis in chronic lymphocytic leukemia[END_REF]. For cases of CLL/MBL/SLL, the IGHV genes were considered to be unmutated if the percentage identity with the germline counterparts was ≥98% [START_REF] Ghia | ERIC recommendations on IGHV gene mutational status analysis in chronic lymphocytic leukemia[END_REF]. For the other cases, sequences were considered to be unmutated (100% identity), minimally or borderline mutated (99.9%-97%) or significantly mutated (<97% identity), according to the criteria published by Bikos et al. [START_REF] Bikos | Over 30% of patients with splenic marginal zone lymphoma express the same immunoglobulin heavy variable gene: ontogenetic implications[END_REF] for MZL.

Mutation hotspots in the TP53 gene (exons 4-9) and NOTCH2 gene (exon 34) were analyzed by Sanger sequencing, as described previously [START_REF] Kiel | Whole-genome sequencing identifies recurrent somatic NOTCH2 mutations in splenic marginal zone lymphoma[END_REF][START_REF] Pospisilova | ERIC recommendations on TP53 mutation analysis in chronic lymphocytic leukemia[END_REF]. The MYD88 L625P mutation was detected using real-time allele-specific PCR, as described previously [START_REF] Xu | MYD88 L265P in Waldenstrom macroglobulinemia, immunoglobulin M monoclonal gammopathy, and other B-cell lymphoproliferative disorders using conventional and quantitative allele-specific polymerase chain reaction[END_REF].

Statistical analysis

Overall survival (OS) was defined as the time interval between diagnosis and death or last follow-up.

Categorical variables were compared using a Fisher's exact test, whereas continuous variables were compared using the Mann-Whitney test. OS was estimated according to the Kaplan-Meier (KM) method. A log-rank test was used to compare the survival curves. A Cox proportional hazards model was used to determine hazard ratios and 95% confidence intervals. Median follow-up was calculated with the reverse KM method. All tests were two-sided, and the threshold for statistical significance was set to p<0.05. All statistical analyses were performed using IBM SPSS Statistics software for Windows (version 25.0, IBM, Armonk, NY).

RESULTS

Characteristics of the study population, and cytology reviews

Among 17752 patients with mature B-cell neoplasms, 57 (0.32%) carried a t(CDK6). The characteristics of the study population are summarized in Table I. There was a predominance of males (n=36, 63%), and the median (range) age at diagnosis was 69 . Thirteen of the 48 (27%) patients with data presented with splenomegaly, and 9 out of 49 (18%) had lymphadenopathy. The median (range) lymphocyte count was 7.2 G/L (1-112.4). All 10 cases (100%) of CLL/MBL/SLL and 26 of the 47 (55%) cases of MZL/unclassified small B-cell lymphoma (SmBL) patients expressed CD5 (Supplemental Table S1).

The initial diagnoses were CLL (n=6), high-count CLL-like MBL (n=2), small lymphocytic lymphoma (SLL, n=2), B-PLL (n=3), SMZL (n=25), nodular MZL (NMZL) (n=1), bronchus-associated lymphoid tissue (BALT) lymphoma (n=1), and unclassified SmBL (n=17). Six out of 10 CLL/MBL/SLL cases were reviewed, and were found to have a high proportion of mature lymphocytes and no prolymphocytic cells. The three cases diagnosed as B-PLL were reclassified as SMZL, since the proportion of prolymphocytic cells was in fact below 55% (ranging from 12% to 48% of the lymphoid blood cells), and the prolymphocytic cells were mixed with MZL cells (Supplementary Fig S1). Fifteen of the 25 SMZL were reviewed: they were found to have an SMZL aspect: six displayed a typical morphological aspect (according to Matutes' criteria) and 9 exhibited some atypical features consisting in the presence of prolymphocytic cells (median (range) proportion of lymphoid cells: 7% [START_REF] Parry | Genetics and Prognostication in Splenic Marginal Zone Lymphoma: Revelations from Deep Sequencing[END_REF][START_REF] Bikos | Over 30% of patients with splenic marginal zone lymphoma express the same immunoglobulin heavy variable gene: ontogenetic implications[END_REF][START_REF] Oquendo | Systematic Review of Somatic Mutations in Splenic Marginal Zone Lymphoma[END_REF][6][7][8][9][10][11][12][13][14][15][16][17][18][19][20][21][22]). Among the 17 unclassified cases of SmBL, 6 had a BM biopsy whose aspect did not enable us to classify the type of lymphoma more precisely. Six of the 17 cases of SmBL were cytologically reviewed: one had a typical SMZL aspect, and 5 had an aspect compatible with SMZL but with some atypia: prolymphocytic cells (median (range) proportion of lymphoid cells: 8% [6-30]) were associated with classical marginal zone cells. In all, 47 cases were classified as SmBL, including 36 cases of MZL (34 SMZL, 1 NMZL and 1 BALT) and 10 cases of CLL/MBL/SLL (Table I andSupplementary Table S1).

In the 10 reviewed cases of SMZL lacking t(2;7) or a variant, the blood smears showed a typical SMZL aspect according to Matutes' criteria, with very few or no prolymphocytic cells (median (range): 1% [0-5]) (Supplemental Table S2).

Cytogenetic analysis

The karyotyping and FISH results are summarized in Supplemental Table S3. The FISH analysis confirmed the involvement of CDK6 in all 57 cases. A t(2;7)(p11;q21) was found in 51 of the 57 (89%) patients, with an additional derivative chromosome 7 from t(2;7) in 4 of the 51. Forty-seven cases were analyzed with an IGK break-apart FISH probe. In the majority of the patients (n=33 out of 47, 70%), the breakpoint in IGK was located in the proximal region. In 14 patients (30%), the breakpoint was more centromeric (in the IGKV distal region) (Supplemental Fig S2).

Two cases (one CLL and one SLL) had a t(7;14)(q21;q32) IGH/CDK6 and four (two SMZL and two CLL) had a t(7;14)(q21;q11) -a previously undescribed translocation involving the CDK6 and TRA/TRD loci (TRAD) (as proven by a FISH analysis; Fig S3).

The t(CDK6) was the sole abnormality detected by karyotyping in 19 of the 57 (33%) patients, including 3 of the 4 t(7;14) TRAD/CDK6 cases and 1 of the 2 t(7;14) IGH/CDK6 cases. When the translocation was not isolated, it was never a secondary event: it was present in the primary clone in 22 cases, found concomitantly with other chromosomal abnormalities in 12 cases, and found in an independent clone in 4 cases.

Twenty-eight (49%) patients exhibited a CK, and 18 of these (32%) exhibited a HCK. The median (range) number of chromosomal abnormalities was 2 [START_REF] Salido | Cytogenetic aberrations and their prognostic value in a series of 330 splenic marginal zone B-cell lymphomas: a multicenter study of the Splenic B-Cell Lymphoma Group[END_REF][START_REF] Rossi | The coding genome of splenic marginal zone lymphoma: activation of NOTCH2 and other pathways regulating marginal zone development[END_REF][START_REF] Parry | Genetics and Prognostication in Splenic Marginal Zone Lymphoma: Revelations from Deep Sequencing[END_REF][START_REF] Bikos | Over 30% of patients with splenic marginal zone lymphoma express the same immunoglobulin heavy variable gene: ontogenetic implications[END_REF][START_REF] Oquendo | Systematic Review of Somatic Mutations in Splenic Marginal Zone Lymphoma[END_REF](6)(7)(8)(9)(10)(11)(12)(13)(14). The most frequent chromosomal abnormality associated with t(CDK6) was a 17p deletion involving the TP53 gene [del(17p)], which was detected in 23 of the 57 (40%) patients. The other frequent aberrations were as follows: 13q14 deletion [del(13q)] in 22/54 (39%), 8p deletion [del(8p)] in 14/57 (25%), trisomy 3 in 10/57 (18%), 8q gain in 7/57 (12%), trisomy 12 in 6/57 (11%), and trisomy 18 in 4/57 (7%) (Table I andFig 1). Deletion of 7q [del(7q)] was observed in only one patient (patient #17 in Supplemental Table S3): a case of SMZL in which t(2;7) and del(7q) were found in independent clones. The 17p deletion was significantly associated with the presence of prolymphocytic cells (93% in the del(17p) subgroup vs. 24% in the subgroup lacking del(17p), p<0.001), TP53 mutation (60% vs. 10.5%; p=0.002), CK (78% vs. 29%; p<0.001), HCK (61% vs. 12%; p<0.001), a higher number of chromosomal abnormalities (median(range) 5 [START_REF] Rossi | The coding genome of splenic marginal zone lymphoma: activation of NOTCH2 and other pathways regulating marginal zone development[END_REF][START_REF] Parry | Genetics and Prognostication in Splenic Marginal Zone Lymphoma: Revelations from Deep Sequencing[END_REF][START_REF] Bikos | Over 30% of patients with splenic marginal zone lymphoma express the same immunoglobulin heavy variable gene: ontogenetic implications[END_REF][START_REF] Oquendo | Systematic Review of Somatic Mutations in Splenic Marginal Zone Lymphoma[END_REF](6)(7)(8)(9)(10)(11)(12)(13) vs. 1 (1-6); p<0.001), del(13q) (59% vs. 28%; p=0.028), del(8p) (48% vs. 9%; p=0.001), and 8q gain (26% vs. 3%; p=0.014). The correlations between del(17p) and these parameters were also statistically significant when considering only the 47 cases of MZL/SmBL, except for del(13q) (Supplemental Table S4).

Molecular analysis

TP53 gene sequencing revealed the presence of a mutation in 10 of the 36 (27%) tested patients. All the mutations affected the DNA-binding domain (Supplemental Fig S4). The TP53 mutation was associated with a del(17) in 9 of the 10 patients. Overall, the TP53 gene was disrupted (i.e. mutated and/or deleted) in 24 of the 44 (55%) tested patients.

A MYD88 L265P mutation was found in 5 of the 37 patients, all in the MZL/SmBL subgroup.

Sequencing of exon 34 of the NOTCH2 gene did not reveal any mutations in the 27 tested patients.

IGHV genes were sequenced in 37 patients. The IGHV genes were mutated in 5 of 8 cases of CLL/MBL/SLL. The great majority of MZL/SmBL cases (25/29, 86%) carried mutations and 20 of these were significantly mutated (<97% homology). Eighteen different IGHV genes were identified among the 29 cases; the most frequent were V3-23 (4/29, 14%) and V4-59 (3/29, 10%) (Fig 1).

Survival analysis

The median follow-up time after diagnosis was 54 months. Twenty-eight of the 57 patients (49%) had been treated. The characteristics of these treatments are summarized in Supplemental Table S5. We assessed survival in the cohort as a whole (n=57) and in the MZL/SmBL subgroup (n=47) but not (given the small sample size) in the CLL/SLL/MBL subgroup. The median OS time was not attained in the cohort as a whole or in the MZL/SmBL subgroup. The calculated OS was 81% at 5 years and 73% at 10 years for the entire cohort, and 82% at both 5 and 10 years for the 47 patients with MZL/SmBL (Table I). The presence of del(17p) or a TP53 mutation did not appear to influence survival in the cohort as a whole (p=0.197 and p=0.627, respectively) (Table II andFig [START_REF] Rossi | The coding genome of splenic marginal zone lymphoma: activation of NOTCH2 and other pathways regulating marginal zone development[END_REF] or in the MZL/SmBL subgroup (p=0.426 and p=0.333, respectively) (Supplemental Table S6 andFig S5).

DISCUSSION

Here, we report a large cohort of patients with mature B-cell neoplasm and a t(2;7)(p11;q21) translocation or variants involving CDK6.

The t(CDK6) was the sole anomaly in 33% of the patients. When accompanied by other abnormalities, t(CDK6) was never found in a subclone -suggesting that t(CDK6) is possibly a primary pathogenic event. The majority of the patients (89%) displayed a t(2;7) involving the IGK locus. Only two cases harbored a variant translocation with rearrangement of the IGH locus. In four cases, we identified the TRAD locus as a t(CDK6) partner for the first time.

We found this translocation in two cases of CLL and two cases of SMZL. The fact that the translocation was isolated in three of the four cases suggests that it is a "driver" genetic event in pathogenesis. Moreover, given the involvement of the TRAD locus, the translocation might have occurred at an early step in lymphoid differentiation. In mature B-cell neoplasms, 14q11 translocations are very rare. Eighteen cases are listed in the Mitelman database (https://mitelmandatabase.isb-cgc.org), 13 of which are CLL. The involvement of the TRAD locus has been proven by FISH analysis in only a few cases with MYC or NKX2-5 locus rearrangement [START_REF] Lau | Occurrence of trisomy 12, t(14;18)(q32;q21), and t(8;14)(q24.1;q11.2) in a patient with B-cell chronic lymphocytic leukemia[END_REF][START_REF] Put | Chronic lymphocytic leukemia and prolymphocytic leukemia with MYC translocations: a subgroup with an aggressive disease course[END_REF][START_REF] Su | Transcriptional activation of the cardiac homeobox gene CSX1/NKX2-5 in a Bcell chronic lymphoproliferative disorder[END_REF]. Since the TCR enhancers are known to be lymphoid specific but not T-cell restricted, the functional consequence of these rearrangements is transcriptional activation of the partner genes. Hence, as seen for IGK/CDK6 (Brito-Babapulle, et al 2002, [START_REF] Corcoran | Dysregulation of cyclin dependent kinase 6 expression in splenic marginal zone lymphoma through chromosome 7q translocations[END_REF], t(7;14) TRAD/CDK6 results in overexpression of CDK6. However, a lack of material prevented us from evaluating CDK6 expression. Dual CDK4/6 inhibitors are currently under development, with promising preclinical and clinical results in mature B-cell malignancies [START_REF] Martin | A phase 1 trial of ibrutinib plus palbociclib in previously treated mantle cell lymphoma[END_REF][START_REF] Tanaka | Abemaciclib, a CDK4/6 inhibitor, exerts preclinical activity against aggressive germinal center-derived B-cell lymphomas[END_REF]. They may represent a therapeutic option in patients with t(CDK6).

CLL/MBL/SLL cases.

Of the 57 cases of t(CDK6), 10 had a diagnosis of CLL, CLL-like MBL or SLL (confirmed by clinical findings, cytology, and immunophenotyping, with a Matutes score of 4 or 5), including two cases with t(7;14)(q21;q32) CDK6/IGH and two cases with t(7;14)(q21;q11) CDK6/TRAD. Our results confirmed that (i) t(CDK6) is very rare in CLL and related diseases, (ii) variant translocations are frequent in this subgroup (4/10 cases), and (iii) CDK6/IGH is restricted to this subgroup [START_REF] Hayette | In B-cell chronic lymphocytic leukemias, 7q21 translocations lead to overexpression of the CDK6 gene[END_REF].

MZL/SmBL.

In the present study, t(CDK6) was mostly associated with MZL (36/47, 76%). SMZL is difficult to diagnose. According to Matutes et al., the minimum criteria are either spleen histology results and an immunophenotype or (if a histological assessment of the spleen is unavailable) typical blood and BM morphologies, an immunophenotype, and intrasinusoidal infiltration by CD20-positive cells [START_REF] Matutes | Splenic marginal zone lymphoma proposals for a revision of diagnostic, staging and therapeutic criteria[END_REF]. About 20-25% of cases of SMZL are CD5+ [START_REF] Matutes | Splenic marginal zone lymphoma proposals for a revision of diagnostic, staging and therapeutic criteria[END_REF], Salido, et al 2010). However, a histological analysis is not always performed when there is no indication for treatment, and SMZL is often only diagnosed after other types of low-grade B-cell lymphoma have been ruled out. In the present study, a histological analysis was not available for the majority of patients. The strong suspicion of SMZL was based on cytological and immunophenotyping data. In our series, the Matutes score was 3 or less for all 27 patients with available data, and more than a half of these were CD5+. In the absence of lymphoid cells with cleaved nuclei and a translocation involving BCL2, the diagnosis of follicular lymphoma was very unlikely. All CD5+ MZL/SmBL cases in our cohort (n=26/47, 55%) lacked t(11;14)(q13;q32), which rules out a diagnosis of leukemic nonnodal mantle cell lymphoma (MCL, in which this aberration is always present). We cannot formally rule out the possibility that CD5+ cases were t(11;14)/cyclin-D1-negative MCLs. However, the absence of generalized lymphadenopathy at diagnosis and the indolent clinical course argued against a diagnosis of MCL [START_REF] Swerdlow | WHO Classification of Tumours of Haematopoietic and Lymphoid Tissues, Revised 4th Edition[END_REF]. A differential diagnosis of lymphoplasmacytic lymphoma could be considered in two patients exhibited a MYD88 L265P mutation and IgM monoclonal paraprotein (patients #23 and #20). Neither patient had plasma cells, and one presented with villous lymphocytes in the initial cytological assessment. In 11 patients, a cytology review could not be performed and so the initial diagnosis of SmBL could not be refined. However, by a process of elimination, we hypothesized that these 11 cases were also related to MZL, as t(2;7)(p11;q21) translocation is very strongly biased to B-cell lymphoproliferation of marginal-zone origin [START_REF] Xochelli | Translocation t(2;7)(p11.2;q21.2): a rare genetic aberration associated with B-cell lymphoproliferative disorders of marginal-zone origin[END_REF].

In our series, cases of MZL t(CDK6)+ frequently featured prolymphocytic cells in a cytological assessment (18/26, 69%). These prolymphocytes were mixed with a lymphoid population having the features of MZL cells, and so we considered these to be "atypical" cases of MZL. Prolymphocytic cells (defining B-PLL if they account for more than 55% of lymphoid cells in a de novo context [START_REF] Swerdlow | WHO Classification of Tumours of Haematopoietic and Lymphoid Tissues, Revised 4th Edition[END_REF] can typically be observed as CLL progresses [START_REF] Kjeldsberg | Prolymphocytic transformation of chronic lymphocytic leukemia[END_REF] and in a leukemic form of MCL [START_REF] Ruchlemer | B-prolymphocytic leukaemia with t(11;14) revisited: a splenomegalic form of mantle cell lymphoma evolving with leukaemia[END_REF]. In contrast, the presence of prolymphocytic cells in MZL is unusual and has been reported in a few cases with transformed splenic B-cell lymphoma only [START_REF] Algashaamy | Splenic B-Cell Lymphomas with Diffuse Cyclin D1 Protein Expression and Increased Prolymphocytic Cells: A Previously Unrecognized Diagnostic Pitfall[END_REF][START_REF] Hoehn | Splenic B-cell lymphomas with more than 55% prolymphocytes in blood: evidence for prolymphocytoid transformation[END_REF]. The association between prolymphocytic cells and nontransformed t(CDK6)+ MZL is intriguing and seems to be a particular feature of these cases of MZL, as few or no prolymphocytic cells were observed in cases of SMZL without t(CDK6). The presence of prolymphocytes was correlated with the presence of del(17p) but not with OS.

We found that del(17p) and the TP53 mutation were respectively present in 47% and 33% of cases of MZL/SmBL t(CDK6)+. These frequencies are higher than those observed in classical SMZL, in which del(17p) is detected in 18-33% of patients and a TP53 mutation is detected in 15-16% (Jaramillo Oquendo, et al 2019, Parry, et al 2015, Salido, et al 2010) (Supplemental Table S7). Interestingly, del(7q) is the most frequent abnormality in SMZL (19-39% [START_REF] Parry | Genetics and Prognostication in Splenic Marginal Zone Lymphoma: Revelations from Deep Sequencing[END_REF], Salido, et al 2010)) but we detected it only in one case. The deletion was present in a distinct clone that lacked t(2;7) -, suggesting that these two aberrations are mutually exclusive.

We found IGHV gene mutations in 86% of the patients with MZL/SmBL t(CDK6)+; this frequency is similar to that found in cases of SMZL [START_REF] Bikos | Over 30% of patients with splenic marginal zone lymphoma express the same immunoglobulin heavy variable gene: ontogenetic implications[END_REF], Salido, et al 2010). However, the IGHV usage profile observed in our t(CDK6)+ patients differed: we did not find any cases harboring an IGHV1-02*04 gene, while the latter is the most frequent allele (25%) in classical SMZL [START_REF] Bikos | Over 30% of patients with splenic marginal zone lymphoma express the same immunoglobulin heavy variable gene: ontogenetic implications[END_REF].. Lastly, we did not find any patients with a mutation in the NOTCH2 gene -the most frequently mutated gene in SMZL, and which accounts for about 20% of cases (Jaramillo Oquendo, et al 2019, Rossi, et al 2012).

Overall survival was good in our series of MZL/SmBL t(CDK6)+ cases: the 5-year OS rate was above 80%. This was in line with the favorable prognosis usually observed in SMZL [START_REF] Arcaini | Splenic marginal zone lymphoma: from genetics to management[END_REF]. In SMZL, the presence of a TP53 deletion or TP53 mutations is reportedly an independent marker of poor OS [START_REF] Parry | Genetics and Prognostication in Splenic Marginal Zone Lymphoma: Revelations from Deep Sequencing[END_REF], Salido, et al 2010). In our series of t(CDK6)+ lymphomas, TP53 abnormalities were not significantly associated with poor OS. However, the median follow-up time was only 45 months, which prevents us from drawing definitive conclusions.

In summary, our present results demonstrated that CDK6 translocations mainly involved the IGK locus and very rarely the IGH or TRAD loci. The latter partner was reported for the first time in the present study. We confirmed that t(CDK6) are rare events in CLL/MBL and SLL, and that they frequently involve alternative partners (IGH or TRAD). This large series extended our biological and molecular knowledge of a rare aberration in non-CLL B-cell lymphoproliferative disease. Our results suggest that most cases of t(CDK6+) constitute a particular subgroup of B-cell marginal zone lymphomas with distinctive features: prolymphocytic cells, frequent CD5 expression, a high frequency of TP53 deletion and mutation, a low frequency of 7q deletion, and the absence of IGHV1-2*04 and NOTCH2 mutation. The t(CDK6)+ lymphomas are indolent. Patients have a good OS, which is apparently not influenced by the presence of a TP53 aberration. In case of disease progression, CDK6 may represent a therapeutic target with new CDK4/6 inhibitors. 

Figure 1 .

 1 Figure 1. Distribution of recurrent cytogenetic and molecular abnormalities among the 57 patients. In the heat map, rows represent individual patients and columns correspond to aberrations. SLL: small lymphocytic lymphoma; CLL: chronic lymphocytic leukemia; MBL: monoclonal B-cell lymphocytosis; SMZL: splenic marginal zone lymphoma; USmBL: unclassified small B-cell lymphoma; NMZL: nodular marginal zone lymphoma; BALT: bronchus-associated lymphoid tissue lymphoma; PL cells: prolymphocytic cells; CK: complex karyotype; HCK: highly complex karyotype.

  

  

  

Table 1 . Characteristics of the study population.

 1 

	Parameter	Whole cohort (n=57) MZL/SmBL cases (n=47)	CLL/MBL/SLL cases (n=10)
	Sex (n, %)	M F	36 21	63 47	28 19	60 40	8 2	80 20
	Age at diagnosis	median (range)	69 (35-90)		69 (35-90)		68 (51-87)	
	Lymphadenopathy (n,	no	40	82	37	88	3	43
	%)	yes	9	18	5	12	4	57
	Splenomegaly (n, %)	no yes	35 13	73 27	32 9	78 22	3 4	43 57
	Treated (n, %)	no yes	29 28	51 49	27 20	57 43	2 8	20 80
	Time to first treatment (months)	median (range)	27 (0-114)		27 (0-73)		7 (1-114)	
		0	29	51	27	55	2	20
		1	17	30	14	36	3	30
	Number of lines of	2	4	7	3	3	1	10
	treatment (n, %)	3	3	5	1	3	2	20
		4	3	5	1	0	2	20
		5	1	2	1	3	0	0
	Follow-up (months)	median (95% CI)	54 (33.5-74.4)		45 (23.2-66.8)		75 (0-169.1)	
		at 1 year	90.1 [82.1-98.8]		90.3 [81.6-99.9]		
	Overall survival (% [95%CI])	at 5 years	81.2 [69.9-94.4]		82.3 [69.9-97.7]	Not calculated*
		at 10 years	73.1 [56.6-94.4]		82.3 [69.9-97.7]		
		no	26	63	24	63	2	67
	Paraprotein (n, %)	yes	15	37	14	37	1	33
	Lymphocytosis at diagnosis (G/L)	median (range)	7.2 (1-112.4)		7.3 (1-55.5)		5.4 (1.96-112.4)
	Hemoglobin level at diagnosis (g/dL)	median (range)	13.3 (5.6-16.9)		13.6 (5.6-16.9)		13 (8.1-14.3)	
	Platelet count at diagnosis (G/L)	median (range)	205 (27-363)		208 (27-363)		183 (86-344)	
	Prolymphocytic cells	no	14	44	8	31	6	100
	(n, %)	yes	18	56	18	69	0	0
	CD5 expression (n, %)	no yes	21 36	37 63	21 26	45 55	0 10	0 100
	Light chain expression	Kappa	33	59	29	63	4	40
	(n, %)	Lambda	23	41	17	37	6	60
	Matutes score (n, %)	0 1	8 19	16 38	8 19	20 47.5	0 0	0 0

MZL: marginal zone lymphoma; SmBL: small B-cell lymphoma; SLL: small lymphocytic lymphoma; CLL: chronic lymphocytic leukemia; MBL: monoclonal B-cell lymphocytosis; K: karyotyping; CI: confidence interval; *: the sample was too small.

Table II . Univariate analysis of overall survival, using the Kaplan Meier method.

 II 

				Whole cohort (n=57)			MZL/SmBL (n=47)	
	Parameter		OS at 5 years (%)	HR	95% CI	P-value	OS at 5 years (%)	HR	95% CI	P-value
	CD5 expression	negative positive	90.5 76.9	1.51	0.37-6.13	0.566	90.5 78.4	1.51	0.28-8.25	0.633
	Prolymphocytic cells no yes	81.3 78.0	1.33	0.24-7.37	0.743	88.9 75.7	1.08	0.11-10.52	0.829
	Del(17p)	no yes	86.6 75.2	2.26	0.63-8.05	0.197	87.7 79.3	2.59	0.50-13.51	0.243
	TP53 mutated	no yes	86.7 90.9	1.97	0.24-16.01 0.627	92.3 90.0	3.33	0.26-41.97	0.333
	TP53 disrupted (mut and/or del)	no yes	83.3 78.2	2.70	0.54-13.53 0.465	90.0 80.9	3.43	0.40-29.70	0.426
	HR: Hazard CI: confidence interval							
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Supplemental Table S4. Associations between 17p deletion and the other biological parameters in the whole cohort of patients with t(CDK6) or in marginal zone lymphomas (MZL) and small B-cell lymphomas (SmBL) cases. Categorical variables were compared using a Fisher's exact test and continuous variables were compared using the Mann-Whitney test ( §). 

Whole cohort (