Susana ; Barrena 
  
Julia Almedia 
  
Maria-Carmen Garcia-Macias 
  
Antonio Lopez 
  
Ana Rasillo 
  
Jose-María Sayagues 
  
Rosa-Ana Ana Rivas 
  
Maria-Laura Gutiérrez 
  
Juana Ciudad 
  
Teresa Flores 
  
Prof Alberto Orfao 
email: orfao@usal.es
  
Julia Almeida 
  
María Del 
  
Carmen García- Macias 
  
Antonio López 
  
Jose María Sayagués 
  
María Laura Gutiérrez 
  
Ana Balanzategui 
  
María Dolores Caballero 
  
Prof Alberto Orfao 
  
  
  
  
  
  
  
  
  
  
  
  
Flow cytometry immunophenotyping of fine-needle aspiration specimens: utility in

Keywords: fine-needle aspiration, flow cytometry, cytology / histology, B cell non-Hodgkin lymphoma, WHO classification

teaching and research institutions in France or abroad, or from public or private research centers.  

Answer to comment 1.-New sentences have been added in the results and discussion sections of the new revised version of the manuscript in which it is clearly stated that flow cytometry immunophenotyping could not distinguish HL infiltration from reactive lymph nodes and thus they were classified together by flow cytometry (pages 11 and 15). The sentence from the abstract has also been modified, following the comment of the reviewer.

Comment 2.-Introduction; page 4, use of FCM alone would presuppose that if adopted cytology, being according to the results inferior than FCM, would not be of help, in which case why would it be inspected. The authors fall short of suggesting this as a possible outcome to the work. Furthermore, as cytology alone is known to be inferior to histological analysis and if it is accepted that superior FCM analysis would obviate need for cytology should the key comparison not be between FCM and histology which, whilst made, is in much for the results rather hidden amongst the other data relating to cytology? Answer to comment 2.-As stated above in the answer to comment 1, cytological analysis of FNA was superior to flow cytometry immunophenotyping in distinguishing between HL and reactive lymph node tissues at a screening phase done in FNA samples. The complementary nature of cytology and flow cytometry analysis in the screening of FNA samples is now more clearly explained in a new sentence added in the discussion section of the manuscript (page 15). -Methods: page 6, the antibody panel used for histological IHC is much smaller than for FCM which may have a bearing on diagnostic accuracy. This is key as histological subtype is presently taken as "gold standard". Furthermore details of diagnostic review of histological diagnosis, if any, are not included. These points should be addressed as correct histological diagnosis is critical for interpretation of the results.

Answer to comment 3.-A new sentence in which information about the review process of histological diagnose has been added in the material and methods section of the new version of the manuscript, following the indication of the reviewer. In addition, a sentence in which the potential impact of limited IHC antibody panels vs usage of a higher number of immunophenotypic markers by flow cytometry on the diagnostic classification of malignancy is discussed, has also been added in the discussion section of the revised manuscript (pages 7 and 17).

Comment 4.-Results: page 8, in "concordant diagnosis between conventional cytology and

FCM immunophenotyping was obtained in 372/399 FNA samples (93%); in 140 of these samples, diagnosis was further confirmed by histological studies" does this infer that of the 161 samples for which histology was available concordance with FCM was present for 140 ie 87%? If so then this should be stated more expliciity as this is a key finding.

Answer to comment 4.-Following the suggestion of the reviewer, the sentence in which the concordance results between cytology, flow cytometry and histology are described has been modified to clarify the percentage of concordance between flow cytometry and histopathological diagnosis (page 9). Answer to comment 3.-A new sentence has been added in both the results and discussion sections of the new revised version of the manuscript, in which the discrepancies observed among cases with histological diagnosis of DLBCL are described and discussed in more detail. Also, it is now clearly stated in the discussion section that FCM diagnosis was made independently of iFISH data, but we do not recommend at all at this point replacement of iFISH by the immunophenotypic study (pages 12, 16, 17top and 17bottom).

Comment 4.-This group recently reported a very high rate of detection of monoclonal B-cells in the peripheral blood of healthy individuals and such a finding appears to have very little clinical

significance. There are apparently no false positive cases reported in this series, yet in the discrepant cases there are several where FCM detects B-NHL/clonal B-cells and the cytology and histology indicate a reactive process or are not informative. In these cases the final diagnosis is considered to fit with the FCM but is it not possible that these are incidental findings unrelated to the cause of the lymphadenopathy?

Answer to comment 4.-A new sentence has been added in the results section of the revised version of the manuscript in which it is clearly stated that in none of the FNA samples analysed by flow cytometry, small populations that could reflect "false positive" results by immunophenotyping (similar to e.g. MBL in peripheral blood samples), were detected (page 10).

Comment 5.-A number of markers used in FCM appear to be intended for investigating HL.

Can the authors inform why FCM was uninformative for this condition? Answer to comment 6.-Information about the specific Ki67 reagent used has been added in Supplementary Table 1b of the revised version of the manuscript, following the indication of the reviewer.

ASSOCIATE EDITOR:

There were no comments to the authors by the Associate Editor METHODS/RESULTS: we prospectively compared FCM vs cytology/histology analysis of FNA samples for the diagnostic screening and further WHO subclassification of B-NHL. FCM and cytology showed a high degree of agreement (93%); however, diagnosis of reactive processes (RP), B-NHL and T-NHL by FMC showed higher sensitivity than cytology (92%-100% vs 64-94%, respectively), without false positive NHL cases; the antibody combination used did not allow positive diagnosis of Hodgkin lymphoma as distinct from RP. A high concordance rate was found between FCM and histopathology (74%) in subtyping B-NHL. In this regard, mantle-cell lymphoma and chronic lymphocytic leukemia showed the highest degree of agreement (100% concordant rates). In turn, FCM showed higher sensitivity/specificity in classifying follicular lymphoma (FL) and large B-cell lymphomas, while the opposite occurred for marginal-zone and lymphoplasmacytic lymphomas. For decades now, fine-needle aspiration (FNA) cytology has been proposed as a useful tool for the diagnostic screening of patients with easily accessible enlarged lymph nodes for early, cost-effective distinction between benign/reactive and malignant disease conditions [START_REF] Cafferty | Fine needle aspiration diagnosis of intraabdominal and retroperitoneal lymphomas by a morphologic and immunocytochemical approach[END_REF][START_REF] Skoog | Flow cytometry of fine needle aspirations of the Sprague-Dawley rat testis: defining normal maturation and the effects of multiple biopsies[END_REF][START_REF] Zander | Flow cytometry. In vitro assessment of its potential application for diagnosis and classification of lymphoid processes in cytologic preparations from fine-needle aspirates[END_REF][START_REF] Dunphy | Combining fine-needle aspiration and flow cytometric immunophenotyping in evaluation of nodal and extranodal sites for possible lymphoma: a retrospective review[END_REF][START_REF] Zardawi | Flow-cytometric algorithm on fine-needle aspirates for the clinical workup of patients with lymphadenopathy[END_REF][START_REF] Jeffers | Fine needle aspiration cytology in the investigation on non-Hodgkin's lymphoma[END_REF][START_REF] Young | Utilization of fine-needle aspiration cytology and flow cytometry in the diagnosis and subclassification of primary and recurrent lymphoma[END_REF][START_REF] Stewart | Fine needle aspiration cytology diagnosis of malignant lymphoma and reactive lymphoid hyperplasia[END_REF][START_REF] Nicol | The accuracy of combined cytopathologic and flow cytometric analysis of fine-needle aspirates of lymph nodes[END_REF][START_REF] Landgren | A prospective comparison of fine-needle aspiration cytology and histopathology in the diagnosis and classification of lymphomas[END_REF][START_REF] Zeppa | Fine-needle cytology and flow cytometry immunophenotyping and subclassification of non-Hodgkin lymphoma: a critical review of 307 cases with technical suggestions[END_REF][START_REF] Bangerter | Fine needle aspiration cytology and flow cytometry in the diagnosis and subclassification of non-Hodgkin's lymphoma based on the World Health Organization classification[END_REF][START_REF] Swart | Fine needle aspiration biopsy and flow cytometry in the diagnosis of lymphoma[END_REF][START_REF] Barroca | Fine needle aspiration cytology diagnosis, flow cytometry immunophenotyping and histology in clinically suspected lymphoproliferative disorder: a comparative study[END_REF] . More recently, combined usage of cytology and flow cytometry (FCM) immunophenotyping analysis of FNA samples has been found to contribute to an improved classification of B-cell non-Hodgkin lymphomas (B-NHL) into WHO categories, specially for low grade B-cell lymphomas [START_REF] Landgren | A prospective comparison of fine-needle aspiration cytology and histopathology in the diagnosis and classification of lymphomas[END_REF][START_REF] Zeppa | Fine-needle cytology and flow cytometry immunophenotyping and subclassification of non-Hodgkin lymphoma: a critical review of 307 cases with technical suggestions[END_REF][START_REF] Bangerter | Fine needle aspiration cytology and flow cytometry in the diagnosis and subclassification of non-Hodgkin's lymphoma based on the World Health Organization classification[END_REF][START_REF] Dong | Fine-needle aspiration biopsy in the diagnosis and classification of primary and recurrent lymphoma: a retrospective analysis of the utility of cytomorphology and flow cytometry[END_REF][START_REF] Mayall | Fine needle aspiration cytology in the diagnosis of uncommon types of lymphoma[END_REF][START_REF] Mourad | Primary diagnosis and REAL/WHO classification of non-Hodgkin's lymphoma by fine-needle aspiration: cytomorphologic and immunophenotypic approach[END_REF][START_REF] Sigstad | The role of flow cytometric immunophenotyping in improving the diagnostic accuracy in referred fine-needle aspiration specimens[END_REF][START_REF] Laane | Flow cytometric immunophenotyping including Bcl-2 detection on fine needle aspirates in the diagnosis of reactive lymphadenopathy and non-Hodgkin's lymphoma[END_REF] . In contrast, the accuracy of FNA alone vs excisional biopsy for both primary diagnosis and classification of malignant lymphoma remains controversial [START_REF] Hajdu | Limitations of aspiration cytology in the diagnosis of primary neoplasms[END_REF][START_REF] Carter | The role of fine needle aspiration cytology in the diagnosis of lymphoma[END_REF][START_REF] Wakely | Fine-needle aspiration cytopathology in diagnosis and classification of malignant lymphoma: accurate and reliable?[END_REF][START_REF] Hehn | Utility of fine-needle aspiration as a diagnostic technique in lymphoma[END_REF] . Although many studies have reported concordance rates between FNA-studies and histology of >80% (range: 76% to 97%) 6, 10, 12-13, 16, 18-19, 25-31 , it is recommended that analysis of FNA samples should not replace tissue biopsy studies, because of the existence of false negative cases in all reported series. In turn, very heterogeneous results have been reported regarding the contribution of FNA studies vs lymph node histology for the diagnostic subclassification of B-NHL with concordance rates of between <50% to 87%, depending on the type of lymphoma 12-13, 16-20, 28 ; in this regard FNA-based studies are frequently considered to be of limited utility for the classification of lymphoma, because they do not provide information on the histology of the tumor [START_REF] Hehn | Utility of fine-needle aspiration as a diagnostic technique in lymphoma[END_REF][START_REF] Katz | Controversy in fine-needle aspiration of lymph nodes. A territorial imperative?[END_REF][START_REF] Sandhaus | Fine-needle aspiration cytology in the diagnosis of lymphoma. The next step[END_REF][START_REF] Siebert | Utility of flow cytometry immunophenotyping for the diagnosis and classification of lymphoma in community hospital clinical needle aspiration/biopsies[END_REF] . Thus, at present no consensus agreement exits about the precise utility of FNA evaluation for the diagnosis and subclassification of malignant lymphoma; although it is clear that in many instances it may obviate the need for tissue biopsy, these situations have not been precisely established, with a few exceptions (i.e. for documenting disease recurrence, assessment of transformation into a [START_REF] Cafferty | Fine needle aspiration diagnosis of intraabdominal and retroperitoneal lymphomas by a morphologic and immunocytochemical approach[END_REF][START_REF] Dunphy | Combining fine-needle aspiration and flow cytometric immunophenotyping in evaluation of nodal and extranodal sites for possible lymphoma: a retrospective review[END_REF][START_REF] Jeffers | Fine needle aspiration cytology in the investigation on non-Hodgkin's lymphoma[END_REF][START_REF] Gong | Fine-needle aspiration in non-Hodgkin lymphoma: evaluation of cell size by cytomorphology and flow cytometry[END_REF][START_REF] Greer | T-cell-rich B-cell lymphomas: diagnosis and response to therapy of 44 patients[END_REF] . In addition, the information about the independent value of FMC immunophenotyping versus conventional cytological analyses of FNA samples on the diagnostic screening of lymphoma is limited [START_REF] Bangerter | Fine needle aspiration cytology and flow cytometry in the diagnosis and subclassification of non-Hodgkin's lymphoma based on the World Health Organization classification[END_REF][START_REF] Laane | Flow cytometric immunophenotyping including Bcl-2 detection on fine needle aspirates in the diagnosis of reactive lymphadenopathy and non-Hodgkin's lymphoma[END_REF][START_REF] Ravinsky | Cytodiagnosis of lymphoid proliferations by fine needle aspiration biopsy. Adjunctive value of flow cytometry[END_REF][START_REF] Robins | Immunotyping of lymphoma by fine-needle aspiration. A comparative study of cytospin preparations and flow cytometry[END_REF][START_REF] Mathiot | Fine-needle aspiration cytology combined with flow cytometry immunophenotyping is a rapid and accurate approach for the evaluation of suspicious superficial lymphoid lesions[END_REF] , as most reports have focused on the utility of FNA cytology combined with FCM vs histopathology.

In this study we prospectively evaluated the potential contribution of FCM immunophenotyping (vs conventional cytological and histological studies) in the diagnostic screening of FNA samples, and, in further subclassification of B-NHL into specific WHO categories. Most specimens (n=370) corresponded to lymph node FNA, while the remaining 78 specimens corresponded to subcutaneous (n=38), breast (n=8) and thyroid nodules (n=5), to mediastinal (n=5), abdominal (n=3), renal (n=2), palate (n=2), pulmonary, retroperitoneal, parotid, ocular orbit, scapular, inguinal, thigh and infratemporalesphenoidal masses (n=1, each), to an hepatic nodule and to suprahyoid, urinary tract, testis, transbronchial, gum and sternum lesions (n=1, each). Each sample was collected after informed consent was given by each subject and the study was approved by the Ethics Committee of the University Hospital of Salamanca.

MATERIAL AND METHODS

Patients and samples

Cytomorphologic and immunocytochemical analyses. FNA specimens were collected by an experienced cytopathologist, using 20-mL syringes equipped with a syringed holder and a 23 gauge-needle (0.6 x 25mm), as described elsewhere [START_REF] Dong | Fine-needle aspiration biopsy in the diagnosis and classification of primary and recurrent lymphoma: a retrospective analysis of the utility of cytomorphology and flow cytometry[END_REF][START_REF] Stewart | The diagnosis of tumors[END_REF][START_REF] Godwin | Aspiration biopsy: technique and application[END_REF][START_REF] Cardozo | The cytologic diagnosis of lymph node punctures[END_REF] .

Either 2 or 3 air-dried, ethanol-fixed smears were stained from each FNA sample using Papanicolaou and/or haematoxylin-eosin (H&E) [START_REF] Disbrey | Histological Laboratory Methods[END_REF][START_REF] Bahr | Some considerations of basic cell Chemistry. Compendium in cytopreparatory techniques[END_REF][START_REF] Danos | Fixatives for cytologic use[END_REF][START_REF] Gubin | Hematoxylin-and-eosin staining of fine needle aspirate smears[END_REF] , for conventional cytological analyses. Whenever indicated, immunocytochemistry was performed for disease classification after smears had been fixed with methanol and stained, with appropriate monoclonal antibodies (MAb) as previously described [START_REF] Abati | If cells could talk. The application of new techniques to cytopathology[END_REF] (supplementary Table 1b). All slides were assessed by an experienced cytopathologist.

Immunophenotypic studies. Half of each FNA specimen was placed in 1ml of a sterile saline solution, and immediately processed for further FCM immunophenotyping. Briefly, samples (100µL) were stained using a direct immunofluorescence stain-and-then-lyse technique, previously described in detail [START_REF] Sanchez | Incidence of phenotypic aberrations in a series of 467 patients with B chronic lymphoproliferative disorders: basis for the design of specific four-color stainings to be used for minimal residual disease investigation[END_REF] 1a). In addition to the MAb reagents, 100µL of premixed Perfect Count TM beads (Cytognos SL, Salamanca, Spain) were added to each stained specimen immediately prior to its FCM measurement, to calculate absolute cell counts [START_REF] Almeida | Different subsets of peripheral blood dendritic cells show distinct phenotypic and functional abnormalities in HIV-1 infection[END_REF][START_REF] Quijano | Identification of leptomeningeal disease in aggressive B-cell non-Hodgkin's lymphoma: improved sensitivity of flow cytometry[END_REF] . After staining, samples were run at low speed on either a FACSCalibur or a FACSCantoII flow cytometer-Becton/Dickinson Biosciences, San José, CA, USA-(BDB), and information stored about all events corresponding to nucleated cells present in the sample. For data analysis, the INFINICYT TM software program (Cytognos SL) was used.

Antigen expression was used to identify the different types of cells present in the sample and they were classified as negative (-), dimly positive (+d), positive (+) and strong positive (++) using arbitrary relative linear mean fluorescence intensity (MFI) cut-off values of 1-5, 5-10 1 , 10 1 -10 2 and >10 2 (data obtained with the FACSCalibur analogical flow cytometer; scale range: 10 0 to 10 4 ) and of 0-10 2 , 10 2 -10 3 , 10 3 -10 4 and >10 [START_REF] Zander | Flow cytometry. In vitro assessment of its potential application for diagnosis and classification of lymphoid processes in cytologic preparations from fine-needle aspirates[END_REF] (data obtained with the FACSCantoII digital flow cytometer; scale range: 0 to 264,144). FCM B-cell (mono)clonality was defined by a surface immunoglobulin (sIg) kappa/sIg lambda ratio of either >3 or <0.5 [START_REF] Mayall | Fine needle aspiration cytology in the diagnosis of uncommon types of lymphoma[END_REF][START_REF] Demurtas | Utility of Flow Cytometry Immunophenotyping in Fine-needle Aspirate Cytologic Diagnosis of Non-Hodgkin Lymphoma: A Series of 252 Cases and Review of the Literature[END_REF] . T-cell (mono)clonality was suspected by FCM whenever a CD4/CD8 ratio >4 or <0.7 was found, a major CD4+/CD8+ or CD4-/CD8-T-cell population was detected, and/or an otherwise aberrant T-cell population was identified (e.g. under-expression of CD3 or CD4). For those samples where presence of an aberrant/clonal cell population was suspected, the study was extended, with additional disease-oriented panels of reagents (Supplementary Table 7 criteria according to the WHO classification 1 were followed, together with previous data reported by our group [START_REF] Sanchez | Incidence of phenotypic aberrations in a series of 467 patients with B chronic lymphoproliferative disorders: basis for the design of specific four-color stainings to be used for minimal residual disease investigation[END_REF][START_REF] Menendez | Quantitative analysis of bcl-2 expression in normal and leukemic human B-cell differentiation[END_REF] -e.g. the differential phenotypic profile for CD10, cytbcl2 and CD38 is useful to distinguish BL (CD10 +/++ /cytbcl2 -/+d /CD38 ++ ), FL (CD10 +/++ /cytbcl2 ++ /CD38 +d ) and DLBCL (CD10 -/+ /cytbcl2 -/+d /CD38 +d )-.

Histological and immunohistochemical analyses. Lymph node excision or biopsies from extranodal tissues were performed in 161 samples from 148 patients.

Briefly, tissue specimens were fixed in 10% formaldehyde, embedded in paraffin and sliced into 3 µm-sections. Afterward, specimens were stained with H&E and evaluated with an optical microscope (Nikon Y-THM, Tokio, Japan) using conventional approaches. Whenever appropriate, tissue sections were also stained by conventional immunohistochemistry (immunoperoxidase technique) [START_REF] Sevilla | Clinicopathologic findings in highgrade B-cell lymphomas with typical Burkitt morphologic features but lacking the MYC translocation[END_REF] using an immunostainer (Vision Biosystem, Newcastle, UK), with the MAb listed in the immunohistochemistry section of Supplementary Table 1b. Appropriate positive and negative controls were used in parallel. Two experienced pathologists routinely evaluated the slides; in addition, in case of any discrepancy (between histology, FCM and/or cytology), specimens were further reviewed a third time-and whenever required, frozen tissue sections re-stained-, to confirm the histological diagnosis.

Analysis of TCR and IGH gene rearrangements.

In those samples in which discrepant diagnostic findings were obtained between FCM, cytology and/or histology, and either B-or T-cell clonality was suspected by one or more methods, TCRG and IGH gene rearrangements were assessed by well-established polymerase chain reaction (PCR) techniques [START_REF] Van Dongen | Design and standardization of PCR primers and protocols for detection of clonal immunoglobulin and T-cell receptor gene recombinations in suspect lymphoproliferations: report of the BIOMED-2 Concerted Action BMH4-CT98-3936[END_REF] , using the BIOMED-2 TCRG [START_REF] Evans | Significantly improved PCR-based clonality testing in B-cell malignancies by use of multiple immunoglobulin gene targets. Report of the BIOMED-2 Concerted Action BHM4-CT98-3936[END_REF] and combined IGH and IGK genebased probes and protocols, respectively [START_REF] Bruggemann | Powerful strategy for polymerase chain reaction-based clonality assessment in T-cell malignancies Report of the BIOMED-2 Concerted Action BHM4 CT98-3936[END_REF] . techniques which have been previously described in detail [START_REF] Tabernero | Incidence of chromosome numerical changes in multiple myeloma: fluorescence in situ hybridization analysis using 15 chromosome-specific probes[END_REF][START_REF] Quijano | Impact of trisomy 12, del(13q), del(17p), and del(11q) on the immunophenotype, DNA ploidy status, and proliferative rate of leukemic B-cells in chronic lymphocytic leukemia[END_REF] . The specific probes used for the detection of trisomy 12, del(11q22.3), del(11q23), del(17p13.1), del(6q21), del(7q) and del(13q14.3), as well as 14q32 gene rearrangement, t(11;18)(q21;q21), t(14;18)(q32;q21), t(11;14)(q13;q32), t(8;14)(q24;q32), c-MYC and BCL6 gene rearrangements, are shown in supplementary Table 1b. 

Interphase fluorescence in situ hybridization (iFISH) studies. Analysis of the genetic abnormalities associated with B-NHL or other B-cell chronic

RESULTS

The vast majority (89%) of all 448 FNA samples investigated (n=399 samples from 364 patients) were considered to be informative by both cytology and FCM immunophenotyping (mean number of cells analyzed by FCM: 2.2x10 6 ±3.5 x10 6 ; range: 4.2x10 2 to 32x10 [START_REF] Zardawi | Flow-cytometric algorithm on fine-needle aspirates for the clinical workup of patients with lymphadenopathy[END_REF] ). The other 49 (11%) samples corresponding to 36 patients, could not be evaluated due to insufficient material or peripheral blood (PB) contamination; from them, 3 samples were not evaluable by FCM, 35 were not adequate for cytological analyses, and 11 samples could not be analyzed by both techniques.

Diagnostic screening of FNA: Flow cytometry (FCM) immunophenotyping vs conventional cytology. A concordant diagnosis between conventional cytology and

FCM immunophenotyping was obtained in 372/399 FNA samples (93%); in 161 out of the total 399 samples, diagnosis was further confirmed by histological studies, among them, full concordance between cytology, histology and FCM was found in 140 (87% of all specimens analyzed with histology) (Table 1).

Detailed description of the distribution of lymphocyte subsets in lymph node

FNA samples with concordant diagnosis (n=323) is shown in supplementary figure 1, for the different diagnostic categories.

In the remaining 27 FNA samples (7%) corresponding to 22 patients, discordant results were reported by FCM vs cytology and/or histology (Table 2). Overall, 15/22 discordant cases (68%) were initially properly-classified by FCM, while in the 3) or RP vs ST (case #5 in Table 3) but compatible with B-NHL by cytological and histological studies; unfortunately in these four later cases clonality could not be confirmed by PCR/FISH analyses. In turn, most discordant T-NHL cases (5/6) were correctly classified by FCM, with a negative cytology (Table 2). Thus, it should be emphasized that all cases initially classified by FCM as B-NHL and T-NHL were finally considered to have B-and T-NHL, respectively. The only exception was case#11, in which coexistence of B-and T-NHL was detected by cytology/histology and confirmed by molecular techniques, while only the B-cell clone could be detected by FCM (Table 2). Similarly, the initial diagnosis made by FCM was confirmed in all other cases with a hematological malignancy other than NHL (i.e. AML, PCM and pDCN) (case #17), the correct diagnosis was not suspected by FCM (diagnosis of ST was established while a RP was suspected by FCM). Noteworthy, in none of the FNA samples, small populations of B-NHL/clonal B-cells that could reflect "false positive" results by immunophenotyping (similar to e.g. monoclonal B-cell lymphocytosis in PB samples) [START_REF] Nieto | Increased frequency (12%) of circulating chronic lymphocytic leukemia-like B-cell clones in healthy subjects using a highly sensitive multicolor flow cytometry approach[END_REF] , were detected.

In order to more precisely evaluate the utility of FCM vs conventional cytology for the diagnostic screening of FNA samples, we compared the sensitivity and specificity (and their corresponding predictive values) of both approaches in a subset of 167 samples (including 82 B-NHL/B-CLPD) in which complete histological, molecular/genetic, clinical and/or outcome data was available (Table 3). Overall, the sensitivity of FCM for the diagnosis of RP was higher than that of conventional cytology (100% vs 94%, respectively), with a similar specificity (96% vs 94%, respectively; Table 4). However, it should be noted that the FCM screening multicolor consequently, FCM immunophenotyping could not distinguish HL infiltration from reactive lymph nodes and the former cases were thus classified together with RP by FCM. In addition, FCM was clearly more sensitive than conventional cytology for the diagnostic screening of CLPD (sensitivity of 96% vs 94% for B-NHL and of 92% vs 64% for T-NHL, respectively), while both approaches showed a similar specificity (Table 3). Similarly, the specificity of FCM for the diagnosis of ST was 100%, although its sensitivity decreased to 95% vs 100% by conventional cytology (Table 3, upper panel). MALT (mucosa-associated lymphoid tissue)-lymphoma, 1/3; prolymphocytic leukemia (PLL), 1/1 splenic marginal zone lymphoma (sMZL), 1/1 (case), and; nodal marginal zone lymphoma (nMZL) 0/3. The remaining two samples corresponded to the CLL-like clone from case #8 (see Table 2) and to the BL-like clone from case #6 (see Table 2); both B-cell populations were detected by FCM but not by histology. 4). Discordant diagnoses corresponded to FL (n=6/31, 19%), BL (n=1/4), nMZL (n=3/3), MALT lymphoma (n=2/5), sMZL (n=1/1), DLBCL (n=4/19, 21%) and LPL (n=2/5 cases). Three of 6 discrepant FL cases (cases#3, #4, and #5) were correctly classified by FCM, while diagnosed as DLBCL by histology; despite these three cases showed a diffuse growth pattern and relatively a high Ki67 expression, in addition to the presence of a typical phenotypic pattern of FL (CD10 +/++ /cytbcl2 ++ /CD38 +d ) in the samples analyzed, by both histology and FCM in parallel, histological diagnosis of FL made in other enlarged lymph nodes together with the patient behavior during follow-up were definitive to classify case #3 as FL, while the presence of t(14;18)+ (in the absence of BCL6 gene rearrangements) in all tumor cells supported the diagnosis of FL in cases #4 and #5. In another two discrepant FL cases (cases#1 and #2), the opposite happened. However, it should be noted that these later two cases (cases#1 and #2, in Table 4) displayed an atypical FL phenotype (e.g. presence of CD10 without over-expression of cytBcl2 in case #2), and genetic features -absence of t(14;18)-. The other case (case #6) was a relapsed FL with t(14;18) in the absence of c-MYC gene rearragements, which was diagnosed as compatible with BL by both histology and FCM. One BL case with c-MYC gene rearrangements was correctly suspected by FCM but not by histology (case#7, in Table 4). Similarly, all discrepant sMZL (case #13, in Table 4), LPL (cases #17 and #18, in Table 4) and DLBCL cases (cases #14 and #15, in Table 4) were correctly suspected by FCM. Conversely, with the extended B-cell characterization panel of MAb used, FCM could not specifically assign 3/3 nMZL (cases #8 to #10, in 4).

Role of FCM immunophenotyping of FNA samples vs histopathology in the sub-classification of B-NHL into WHO categories

Overall, the assignment of B-NHL to specific WHO diagnostic categories provided by FCM (vs histopathology) was confirmed in 10/18 discrepant cases (56% vs 38%), corresponding to 12/21 samples (57% vs 33%). Accordingly, FCM showed a greater sensitivity (91%; range: 94% to 100%) than histopathology (84%; range: 75% to 100%) for the majority of B-NHL subgroups (Table 3) including FL (94% vs 87%), DLBCL (100% vs 79%), and BL (100% vs 75%). In contrast, the sensitivity of histopathology was higher than that of FCM (67% vs 33%) for MALT and marginal zone lymphomas.

In turn, the specificity of FCM was similar to that of histopathology (range: 98%-100% vs 92%-100%, respectively) for all WHO groups of B-NHL (Table 3). Diagnosis of MCL and CLL was correctly suspected by both FCM and histology in all cases.

DISCUSSION

At present, the contribution of FNA studies to the diagnosis of lymphoproliferative disorders is well-established [START_REF] Zardawi | Flow-cytometric algorithm on fine-needle aspirates for the clinical workup of patients with lymphadenopathy[END_REF][START_REF] Young | Utilization of fine-needle aspiration cytology and flow cytometry in the diagnosis and subclassification of primary and recurrent lymphoma[END_REF][START_REF] Laane | Flow cytometric immunophenotyping including Bcl-2 detection on fine needle aspirates in the diagnosis of reactive lymphadenopathy and non-Hodgkin's lymphoma[END_REF][START_REF] Meda | Diagnosis and subclassification of primary and recurrent lymphoma. The usefulness and limitations of combined fineneedle aspiration cytomorphology and flow cytometry[END_REF] , mainly when FCM is combined with cytology 8, 12, 18, 27-28, 37, 57-58 . However, most studies aiming at the assessment of the utility of FNA on primary diagnosis of tissue samples have compared the utility of combining FCM and cytology vs cytology alone [START_REF] Landgren | A prospective comparison of fine-needle aspiration cytology and histopathology in the diagnosis and classification of lymphomas[END_REF][START_REF] Zeppa | Fine-needle cytology and flow cytometry immunophenotyping and subclassification of non-Hodgkin lymphoma: a critical review of 307 cases with technical suggestions[END_REF] , while very few reports have focused on the comparison between FCM alone vs cytology [START_REF] Laane | Flow cytometric immunophenotyping including Bcl-2 detection on fine needle aspirates in the diagnosis of reactive lymphadenopathy and non-Hodgkin's lymphoma[END_REF][START_REF] Robins | Immunotyping of lymphoma by fine-needle aspiration. A comparative study of cytospin preparations and flow cytometry[END_REF][START_REF] Simsir | Immunophenotypic analysis of non-Hodgkin's lymphomas in cytologic specimens: a correlative study of immunocytochemical and flow cytometric techniques[END_REF] . In turn, the efficiency of FNA analyses in the diagnosis and classification of lymphoma without examination of tissue sections remains controversial [START_REF] Zardawi | Flow-cytometric algorithm on fine-needle aspirates for the clinical workup of patients with lymphadenopathy[END_REF][START_REF] Young | Utilization of fine-needle aspiration cytology and flow cytometry in the diagnosis and subclassification of primary and recurrent lymphoma[END_REF][START_REF] Swart | Fine needle aspiration biopsy and flow cytometry in the diagnosis of lymphoma[END_REF][START_REF] Dong | Fine-needle aspiration biopsy in the diagnosis and classification of primary and recurrent lymphoma: a retrospective analysis of the utility of cytomorphology and flow cytometry[END_REF][START_REF] Carter | The role of fine needle aspiration cytology in the diagnosis of lymphoma[END_REF][START_REF] Henrique | Immunophenotyping by flow cytometry of fine needle aspirates in the diagnosis of lymphoproliferative disorders: A retrospective study[END_REF][START_REF] Demurtas | Utility of Flow Cytometry Immunophenotyping in Fine-needle Aspirate Cytologic Diagnosis of Non-Hodgkin Lymphoma: A Series of 252 Cases and Review of the Literature[END_REF][START_REF] Russell | Fine needle aspiration cytology in the management of lymphoma[END_REF][START_REF] Pontifex | Fine-needle aspiration cytology in lymphomas and related disorders[END_REF] . In the present study we attempted to determine the precise contribution of FCM immunophenotyping applied to the study of FNA samples for both primary diagnosis of In a first step we compared FCM vs cytology FNA analysis. In this regard, it should be noted that both techniques could be applied to most samples. However, similarly to what has been described for other samples with low/limited cellularity (e.g. CSF) [START_REF] Quijano | Identification of leptomeningeal disease in aggressive B-cell non-Hodgkin's lymphoma: improved sensitivity of flow cytometry[END_REF] FCM was applicable to a higher percentage of cases than cytology, because of limited numbers of cells for microscopical analyses (data not shown). Among those samples in which the cells present in FNA samples could be evaluated by both techniques, our results showed a high degree of agreement between FCM -after applying the single-screening multicolor tube here described-and FNA cytology (plus histology, whenever available) with <10% discrepant cases. Noteworthy, diagnosis of most discrepant cases was initially properly-oriented by FCM, while misclassified by cytology and/or histology, these including two thirds of discrepant B-NHL cases, all discrepant T-NHL and most discrepant hematological malignancies other than NHL.

Overall, these results confirm and extend on previous observations about the utility of FCM analysis of FNA samples, performed in parallel to conventional cytological and histopathological studies [START_REF] Laane | Flow cytometric immunophenotyping including Bcl-2 detection on fine needle aspirates in the diagnosis of reactive lymphadenopathy and non-Hodgkin's lymphoma[END_REF][START_REF] Demurtas | Utility of Flow Cytometry Immunophenotyping in Fine-needle Aspirate Cytologic Diagnosis of Non-Hodgkin Lymphoma: A Series of 252 Cases and Review of the Literature[END_REF][START_REF] Robins | Immunotyping of lymphoma by fine-needle aspiration. A comparative study of cytospin preparations and flow cytometry[END_REF][START_REF] Simsir | Immunophenotypic analysis of non-Hodgkin's lymphomas in cytologic specimens: a correlative study of immunocytochemical and flow cytometric techniques[END_REF] . Accordingly, even if used alone, FCM immunophenotyping showed a higher efficiency than conventional cytology, because of a greater sensitivity in the classification of RP, B-NHL and T-NHL, in the absence of false positive NHL cases. If we take into account that i) an approach used as a screening diagnostic tool would ideally have a high sensitivity (to identify all positive cases), ii) RP and NHL represent the vast majority of cases in whom FNA analysis of enlarged lymph nodes is indicated and, iii) no false positive T-NHL cases were detected by FCM, it could be concluded that FCM should be systematically performed on FNA samples for diagnostic screening purposes. In addition, to our knowledge, this is the first study that shows a higher efficiency of FCM vs conventional cytology/histology in the diagnosis of T-NHL. In fact, with few exceptions [START_REF] Salameire | Efficient characterization of the TCR repertoire in lymph nodes by flow cytometry[END_REF] previous reports have indicated that immunophenotyping is not an adequate approach to diagnose T-NHL and that histopathology should be considered as the gold standard in this regard 6, 17-18, 20, 24, 27-28, 63-64 . Conversely, cytological analysis of FNA was superior to FCM in distinguishing HL from reactive lymph nodes at this screening step, since the single multicolor tube used for immunophenotyping of FNA specimens did not allow discrimination between HL infiltration and RP. Based on this data, together with the above referred findings, it could be concluded -as also recommended by others 6, 14, 27-28, 37, 57, 65 that combined usage of FCM immunophenotyping and conventional cytology would be mandatory for the diagnostic screening of FNA samples, since information provided by the two approaches is complementary, and not redundant.

In turn, alternative antibody panels 66 should be also evaluated to investigate the utility of FCM in distinguishing RP vs HL in FNA samples. Then, the question remains about when to proceed to perform an excisional biopsy after diagnostic screening by FCM and conventional cytology had been done, on a FNA specimen. In this regard, it should be noted that although combined FCM and cytological analysis of FNA samples proved to be able to reliably distinguish between reactive and neoplastic conditions, 3/154 cases diagnosed as having a RP by both FCM and cytology (after excluding HL), developed a NHL (two B-cell and one T-cell NHL) after a median follow-up of 5 years (data not shown). Interestingly, histological analyses performed initially in all three cases were also consistent with a RP. In turn, two cases (#4 and #5 in Table 2) evaluated as RP by both FCM and conventional cytology were finally diagnosed with B-NHL (DLBCL) on histopathological grounds, because of a diffuse pattern of tissue infiltration by CD20 + /Ki67 +/++ large cells; although clinical follow-up showed a (data not shown). These results are in line with previous findings which indicate that the most common scenario for a false-negative FCM result occurs in large B-cell lymphomas, as viability of large neoplastic cells may rapidly drop during processing of FNA specimens [START_REF] Zander | Flow cytometry. In vitro assessment of its potential application for diagnosis and classification of lymphoid processes in cytologic preparations from fine-needle aspirates[END_REF][START_REF] Gong | Fine-needle aspiration in non-Hodgkin lymphoma: evaluation of cell size by cytomorphology and flow cytometry[END_REF][START_REF] Demurtas | Utility of Flow Cytometry Immunophenotyping in Fine-needle Aspirate Cytologic Diagnosis of Non-Hodgkin Lymphoma: A Series of 252 Cases and Review of the Literature[END_REF][START_REF] Siebert | Utility of flow cytometry immunophenotyping for the diagnosis and classification of lymphoma in community hospital clinical needle aspiration/biopsies[END_REF] and neoplastic B-cells from DLBCL may lack expression of sIg light chains [START_REF] Meda | Diagnosis and subclassification of primary and recurrent lymphoma. The usefulness and limitations of combined fineneedle aspiration cytomorphology and flow cytometry[END_REF][START_REF] Gong | Fine-needle aspiration in non-Hodgkin lymphoma: evaluation of cell size by cytomorphology and flow cytometry[END_REF][START_REF] Bertram | Immunophenotyping large B-cell lymphomas. Flow cytometric pitfalls and pathologic correlation[END_REF] . Therefore, in case of high suspicion of NHL (particularly of aggressive B-cell NHL), biopsy of lymphoid tissue may be recommended after FNA analysis, even if FCM and conventional cytology are concordant with a diagnosis of RP.

At present, subclassification of B-NHL by FCM immunophenotyping of FNA alone is highly controversial 5, 7-8, 12-13, 16, 26-27, 31, 58, 65, 68 ; when compared to histopathology analysis (considered as the gold-standard) the sensitivity and specificity of immunophenotyping of FNA specimens in subtyping B-NHL into specific WHO disease entities range between 63%-94% and 88%-100%, respectively [START_REF] Zeppa | Fine-needle cytology and flow cytometry immunophenotyping and subclassification of non-Hodgkin lymphoma: a critical review of 307 cases with technical suggestions[END_REF][START_REF] Bangerter | Fine needle aspiration cytology and flow cytometry in the diagnosis and subclassification of non-Hodgkin's lymphoma based on the World Health Organization classification[END_REF][START_REF] Demurtas | Utility of Flow Cytometry Immunophenotyping in Fine-needle Aspirate Cytologic Diagnosis of Non-Hodgkin Lymphoma: A Series of 252 Cases and Review of the Literature[END_REF][START_REF] Mathiot | Fine-needle aspiration cytology combined with flow cytometry immunophenotyping is a rapid and accurate approach for the evaluation of suspicious superficial lymphoid lesions[END_REF][START_REF] Dey | Combined applications of fine needle aspiration cytology and flow cytometric immunphenotyping for diagnosis and classification of non Hodgkin lymphoma[END_REF] mostly depending on the type of lymphoma. In this regard, the specific B-NHL subtypes usually accounting for a higher rate of discrepant case include DLBCL, transformed FL and other aggressive lymphomas, including BL [START_REF] Dey | Combined applications of fine needle aspiration cytology and flow cytometric immunphenotyping for diagnosis and classification of non Hodgkin lymphoma[END_REF][START_REF] Mathiot | Fine-needle aspiration cytology combined with flow cytometry immunophenotyping is a rapid and accurate approach for the evaluation of suspicious superficial lymphoid lesions[END_REF][START_REF] Bangerter | Fine needle aspiration cytology and flow cytometry in the diagnosis and subclassification of non-Hodgkin's lymphoma based on the World Health Organization classification[END_REF] , which it is not surprising, since it has been reported that morphology, immunophenotype and even genetics may overlap between DLBCL, BL and FL [START_REF] Snuderl | B-cell lymphomas with concurrent IGH-BCL2 and MYC rearrangements are aggressive neoplasms with clinical and pathologic features distinct from Burkitt lymphoma and diffuse large B-cell lymphoma[END_REF] , suggesting the existence of a clinicopathologic spectrum of some aggressive B-cell NHL, which is still not completely understood.

In contrast to most papers published in the literature, here we used the final WHO diagnosis (including histopathology, molecular/genetic data and clinical followup), instead of the histological diagnosis per se as the reference diagnosis to which FCM and cytological/histopathological findings were compared. Despite this, it should be emphasized that FCM diagnosis here presented were made independently of the Overall, our results show a relatively high concordance rate between histopathology and FCM, with around one fourth of cases showing discrepant results. As it could be expected, those disease entities where immunophenotyping plays a greater role in their diagnosis (e.g. MCL and CLL) showed the highest concordance rate; this is probably related to the usage of a higher number of immunophenotypic markers by FCM which are of utility in such categories vs the relatively limited IHC antibody panels. In turn, discrepant cases mostly comprised FL, DLBCL and BL (in line with previous studies [START_REF] Bangerter | Fine needle aspiration cytology and flow cytometry in the diagnosis and subclassification of non-Hodgkin's lymphoma based on the World Health Organization classification[END_REF][START_REF] Mathiot | Fine-needle aspiration cytology combined with flow cytometry immunophenotyping is a rapid and accurate approach for the evaluation of suspicious superficial lymphoid lesions[END_REF][START_REF] Dey | Combined applications of fine needle aspiration cytology and flow cytometric immunphenotyping for diagnosis and classification of non Hodgkin lymphoma[END_REF] ), in addition to marginal-zone and LPL lymphomas. Interestingly, the accuracy of FCM (in terms of both sensitivity and specificity) in classifying FL, DLBCL and BL was higher than that of cytology/histopathology, whereas the latter was more sensitive in the diagnosis of marginal-zone derived NHL. Altogether, these results suggest that both FCM and histology provide complementary information and that only in cases of MCL and CLL, the need for tissue biopsy could be omitted.

In summary, our results show that multiparameter FCM immunophenotyping significantly enhances the diagnostic ability of conventional cytological analysis of FNA, playing a crucial role in a rapid and accurate differential diagnosis between RP, B-NHL, T-NHL and other hematological malignancies. In addition, further more detailed FCM immunophenotype characterization of FNA samples also contributes to a more precise diagnostic subclassification of B-NHL into WHO-disease entities, when combined with histopathology and genetic/molecular data. 

Distribution of samples showing concordant results by screening flow cytometry (FCM) immunophenotyping and conventional cytology according to diagnosis

Results expressed as number of concordant samples/total samples (percentage between brackets) within each diagnostic group. ** unclassifiable by FCM. Overall, B cell numbers were significantly higher among B-NHL vs all other groups (p≤0.01; Figure 1G). In addition, once sIgκ + B-NHL and sIgλ + B-NHL cases were separately considered, the percentage of either sIgκ + and sIgλ + B cells was significantly higher among B-NHL vs all other groups; similarly, the κ/λ ratio was higher (p≤0.02) among the sIgκ + B-NHL and lower (p≤0.03) whitin the sIgλ + B-NHL vs all other groups. A variable infiltration by CD45 -non-hematopoietic and plasma cells was found in ST (48%±32%) and PCM (70%±34%), respectively, while irrelevant 
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1 :

 1 Comment 1.-Abstract; page 2, "antibody combination used did not allow the diagnosis of Hodgkin lymphoma" -how was HL reported by FCM ie equivocal result, reactive, nonclassifiable?

Comment 5 .REVIEWER # 2 : 5 the

 525 -Results: page 9, "7/11 cases diagnosed with B-NHL", it is not clear to what 11 cases this refers, especially following closely on the 140 concordant cases noted above. This, and other instances of the same make interpretation of the detail of the results difficult to follow and rather confusing, though the authors do provide summary of the data which is helpful in this regard. 5.-The sentences presenting results in page 9 have been modified in order to more clearly describe the discrepancies observed (page 9). Comment 1.-The FCM approach appears to have a very high specificity and sensitivity for T-NHL but there are no additional markers listed for classifying T-NHL other than the basic CD3/4/8/56 markers from the screening tube. Were these markers sufficient for identifying T-NHL or were additional markers used, that are not included in the supplementary data? Answer to comment 1.-Information about the specific markers used for classification of T-cell neoplasias, in addition to those included in the screening flow cytometry combination of monoclonal antibodies, is now provided in the Material and Methods section of the new revised version of the manuscript, as supplementary data (Supplementary Table1a).Comment 2.-There needs to be a clear description of how the FCM diagnosis was made, for example what markers were used to classify T-NHL, to distinguish BL from DLBCL etc. Whilst the full antibody list should remain as a supplementary table, this information needs to be in the main document.Answer to comment 2.-Following the indication of the reviewer, a more clear description of the immunophenotypic criteria used to define distinct T-and B-cell entities is now provided in the Material and Methods section of the revised version of the manuscript (bottom of page 6 and first part of page 7) Comment 3.-The higher specificity of FCM in classifying FL, DLBCL, and BL appears to relate to a few cases where the histopathological diagnosis was DLBCL whilst FCM more accurately predicted FL/BL. It may be helpful to explain in more detail why the cases with morphology (and presumably Ki67) that was consistent with DLBL ended with a final diagnosis of FL. Is the FCM diagnosis made independently of iFISH data and if so would the authors suggest that FCM could also replace the need for iFISH? I think the data would need to be much stronger before claim that FCM is more sensitive/specific than excision biopsy IHC for any disease category could be widely accepted.

Answer to comment 5 .

 5 -Following the reviewer's comment, a new sentence has been added in the discussion section of the revised version of the manuscript in which the limited utility of the HL-associated markers used in the present study is discussed (page 15) Comment 6.-The Ki67 reagent used for immunohistochemistry is not reported.

2 ABSTRACT

 2 AIM: To establish the utility of flow cytometry (FCM) for screening and diagnosis of B-cell non Hodgkin lymphoma (B-NHL) from lymphoid tissue samples obtained by fine-needle aspiration (FNA).

INTRODUCTION

  CONCLUSIONS: FCM enhances the diagnostic ability of FNA cytology, playing a crucial role in a rapid and accurate differential diagnosis between RP, B-NHL, and T-NHL. In addition, immunophenotyping of FNA samples contributes to a more precise subclassification of B-NHL when combined with histopathology and genetic/molecular data. Diagnosis and classification of malignant lymphoma into WHO categories are essential steps in the clinical management of chronic B-cell leukemias and lymphomas 1 .

  and when open biopsy is impractical)

  . A total of 448 consecutive fine-needle aspiration (FNA) samples from 400 patients -213 males (53%) and 187 (47%) females-were prospectively studied in parallel at both the Cytometry and Pathology Services of the University Hospital of Salamanca (Salamanca, Spain), between February 2002 and October 2007. Mean age of patients at the moment of entering the study was of 53±22 years (range: 3 to 96 years); 321 cases were analyzed at diagnosis, and 79 (all corresponding to patients previously diagnosed with NHL) were studied at relapse (n=77) or at disease progression (n=2). In most patients (n=374) only one sample was studied, while two, three and four samples were analyzed in 18, 6 and 2 cases, respectively. According to final diagnosis, samples were distributed as follows: reactive process (RP), 155; Hodgkin`s lymphoma (HL), 29; B-NHL, 132; T-NHL, 12; solid tumor (ST), 49; plasma cell malignancy (PCM), 14; acute myeloblastic leukemia (AML), 2; T-cell acute lymphoblastic leukemia (T-ALL), 5; and blastic plasmacytoid neoplasm (pDCN), 1. The remaining 49 samples were not evaluable by flow cytometry (n=14) and/or conventional cytology (n=46).

  , with the following four or five-color combination of seven (or eight) fluorochromeconjugated MAb -fluorescein isothiocyanate (FITC)/ phycoerytrhin (PE)/ peridin PerCP)/ allophycocyanin (APC) (and allophycocyanin-cyanin7 (APCCy7)) (screening tube)-: CD8, anti-sIgλ / CD56, anti-sIgκ / CD4, CD19 / CD3 / (CD45) (supplementary Table

  1a

  ), to confirm the immunophenotypic diagnosis. To classify B-NHL into specific disease categories according to the immunophenotypic pattern of clonal B-cells, recommended

  B-CLPD) was performed using multicolor iFISH

  Statistical methods.Relative frequencies and median, mean, standard deviation (SD), range and the 25 th and 75 th percentiles were calculated using the SPSS software program (SPSS 15.0 Inc. Chicago, IL, USA) for categorical and continuous variables, respectively. Either the Mann-Whitney U or the Kruskal-Wallis tests were used to determine the statistical significance of the differences observed between two or more groups for non-paired continuous variables. P-values ≤0.05 were considered to be associated with statistical significance.The sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) were calculated using a subset of 167 cases which were analyzed in parallel by cytology, flow cytometry, and histopathology and, whenever required for the classification of the disease, also by cytogenetics/molecular techniques and clinical follow-up (n=48). Among other cases, this series included 82 patients with CLPD in which additional clinical/follow-up information was available for subclassification into specific WHO categories. Sensitivity was calculated as TP/TP+FN (TP: true positive cases; FN: false negative cases), specificity as TN/TN+FP (TN: true negative cases; FP: false positive cases), PPV as TP/TP+FP and NPV as TN/TN+FN.

  remaining 7 cases, final diagnosis was concordant with that of either cytology and/or histology; most discordant cases (n=20) had a final diagnosis of NHL (11 B-NHL and 4 T-NHL) or other hematological malignancies (n=5); the remaining two cases corresponded to a final diagnosis of HL (

  NHL was confirmed, as correctly suspected by FCM, but not by cytology. In the other 4/11 discordant B-NHL cases, FCM results were consistent with a RP (cases #2, #3, #4 in Table

  tested was not useful for the specific diagnosis of HL;

  . A total of 82 FNA samples from 71 patients with an established diagnosis of B-CLPD who had complete clinico-biological, haematological, histopathological, immunophenotypic and molecular/genetic data at diagnosis, were included in this part of the study. For these cases the overall concordance rate between FCM and conventional histology was of 74% (61/82) with the following distribution according to specific WHO categories: follicular lymphoma (FL), 25/31 (81%) cases; diffuse large B-cell lymphoma (DLBCL), 15/19 (79%); mantle cell lymphoma (MCL), 9/9 (100%); B-cell chronic lymphocytic leukemia (CLL), 4/4; Burkitt lymphoma (BL), 3/4; lymphoplasmacytoid lymphoma (LPL), 3/5;

  observed between FCM and histopathology in 21 FNA samples (26%), corresponding to 18 patients (Table

  categories and it could just exclude diagnosis of other WHO B-NHL subtypes (Table

  other tissues and further subclassification of B-NHL into specific WHO disease entities.

  NHL, neither B-cell clonality at the molecular level nor genetic abnormalities associated to large B-cell lymphoma could be demonstrated in both cases

  by iFISH and any other molecular or clinical data.

  Author contribution: SB performed research, analyzed data and wrote the paper; JA designed research, analyzed data and wrote the paper; MCGM selected the cohort of individuals and analyzed data; AL and JC analyzed data; AR, JMS, RA, MLG, TF and perform the techniques, and AO designed research, analyzed data and wrote the paper.

  FCM: flow cytometry; FNA: fine-needle aspirate sample; RP: reactive process; HL: Hodgkin's lymphoma. B-NHL: B-cell non-Hodgkin lymphoma; T-NHL: T-cell non-Hodgkin lymphoma; ST: solid tumor; PCM: plasma cell malignancy; AML: acute myeloid leukemia; T-ALL: T-cell acute lymphoblastic leukemia; pDCN: blastic plasmacytoid dendritic cell neoplasm.

  of lymphocyte subsets in lymph node FNA samples with concordant diagnoses (n=323). Overall, FNA samples infiltrated with T-NHL showed a significantly (p<0.04) higher percentage of T cells than those corresponding to B-NHL, ST, PCM and T-ALL, but similar to those from individuals with RP and HL (p>0.05) (Figure1A). A similar distribution to that of mature CD3+ T lymphocytes was also found among the different diagnostic groups for the major CD4+, and to a lower extent, also CD8+ T-cell subsets (Figure1 B-C). HL showed the highest CD4 + /CD8 + T-cell ratio values, which were significantly greater than those of RP, B-NHL and PCM samples (Figure1F). The minor CD4+/CD8+ and CD4-/CD8-T-cell phenotypes were particularly increased among T-NHL specimens. (Figures1 D-E)

(

  <1%) among other cases. Presence of blast cells was restricted to T-ALL samples (data not shown).

1 .-

 1 Figure legends

Table 2 )

 2 . Among those 27 discordant samples, in 7/11 cases diagnosed with B-NHL (62%; cases #6 to #12 in Table 2), final diagnosis

Table 4 )

 4 and 2/3 MALT lymphomas (cases #11 and #12, in Table4) into specific small

Table 2 Discordant results between FCM, conventional cytology and histopathology at diagnostic screening

 2 Final diagnosis was established on the basis of both histopathological features (CD20 + /Ki67 +/++ large cells, usually showing diffuse pattern of tissue infiltration) and clinical follow-up. Neither kappa/lambda analysis by immunohistochemistry nor molecular/genetic evaluations were conclusive.

	Case N.	Age/ Sex	Final diagnosis	FCM	Cytology	Histological diagnosis	PCR/FISH
	1	35/M	RP	RP	ST	RP	-
	2	74/M	B-NHL*	RP	ST vs NHL	B-NHL	Inconclusive
	3	85/F	B-NHL*	RP	NHL	B-NHL	Inconclusive
	4	19/F	B-NHL*	RP	RP	B-NHL	-
	5	80/M	B-NHL *	RP vs ST	RP	B-NHL	Inconclusive
	6	79/M	B-NHL	B-NHL	RP	-	Clonal B cells
	7	88/F	B-NHL	B-NHL	RP	-	Inconclusive
	8	41/F	Clonal B cells	Clonal B cells	RP	RP	Clonal B cells
							nuc ish (IGH x3), (BCL2 x3), (IGH con
	9	73/F	HL + B-NHL	B-NHL	NHL	HL	BCL2 x2)
							Clonal B cells
							No genetic abnormalities
	10	71/M	ST + B-NHL	ST + B-NHL	ST	ST	Numerical alterations in ST cells
	11	74/M	B-NHL + T-NHL	B-NHL	NHL	T-NHL	Clonal B cells + TCRβ+
	12	73/F	B-NHL + T-NHL	B-NHL + T-NHL	NHL	T-NHL	Clonal B cells + TCRβ+
	13	75/F	T-NHL	T-NHL	NHL	B-NHL	TCRβ+
	14	36/M	T-NHL	T-NHL	RP	T-NHL	TCRβ+
	15	77/M	T-NHL	T-NHL vs RP	NHL	T-NHL	TCRβ+
	16	73/F	HL + T-NHL	T-NHL	HL	HL	TCRβ+
	17	80/F	ST	RP	ST	-	-
	18	64/M	PCM	RP	Suggestive of PCM	-	-
	19	48/M	PCM	PCM	RP	-	-
	20	58/M	PCM	PCM	RP	-	-
	21	47/M	AML	AML	RP	Granulocytic sarcoma	-
					Granulocytic	Granulocytic	
	22	44/F	pDCN	pDCN	sarcoma	sarcoma	-

FCM: flow cytometry: PCR: polymerase chain reaction; FISH: fluorescence in situ hybridization; M: male; F: female; RP: reactive process; ST: solid tumor; AML: acute myeloid leukemia; PCM: plasma cell malignancy; pDCN: blastic plasmacytoid dendritic cell neoplasm; HL: Hodgkin`s lymphoma; B-NHL: B-cell non-Hodgkin lymphoma; T-NHL: T-cell non-Hodgkin lymphoma; -: not determined. *

Table 3 Sensitivity (PPV) and specificity (NPV) of FCM vs conventional cytology for the diagnostic screening of FNA samples from patients with a complete diagnostic work up (n=167) (upper panel), including the specific classification of B-NHL/B- CLPD samples (n=82) into specific WHO disease entities (lower panel)

 3 

	FCM: flow cytometry; PPV: positive predictive value; NPV: negative predictive value; RP: reactive
	process; HL: Hodgkin`s lymphoma; B-NHL: B-cell non-Hodgkin lymphoma; FL: follicular
	lymphoma; DLBCL: diffuse large B-cell lymphoma; MCL: mantle cell lymphoma, BL: Burkitt`s
	lymphoma; T-NHL: T-cell non Hodgkin lymphoma; ST: solid tumor; CLPD: chronic
	lymphoproliferative disorder.

Table 4 Subclassification of B-NHL into WHO diagnostic categories: discordant results between FCM and histopathology FCM

 4 : flow cytometry; NHL: non-Hodgkin lymphoma; FL: follicular lymphoma; DLBCL: diffuse large B-cell lymphoma; tFL: transformed follicular lymphoma; BL: Burkitt`s lymphoma; CLL: B-cell chronic lymphocytic leukemia; LBCL: large B-cell lymphoma; MALT: mucosa-associated lymphoid tissue; nMZL: nodal zone marginal lymphoma; sMZL: splenic zone marginal lymphoma; LPL: lymphoplasmacytic lymphoma. B-CLPD: B-cell chronic lymphoproliferative disorder not specified. The specific loci involved in the translocations analyzed are described in the Material and Methods section.Supplementary Table1a: Antibody (Ab) reagents and DNA probes used for the immunophenotypic and genetic characterization of FNA samples, respectively.

	: atypical immunophenotype different from CLL, mantle cell lymphoma (MCL), hairy cell leukemia (HCL), FL, BL, DLBCL, sMZL, immunoblastic lymphoma, B-lymphoblastic lymphoma and compatible with
	other B-NHL.
	**: different from typical t(14;18)+ FL.
	(#)Two aberrant B-cell populations were identified by FCM but not by histopathology.
	(2) Two samples, both from the same patient diagnosed with DLBCL from the same patient.

*(•) Patient previously diagnosed as FL by histology. The FNA sample included in the present study was obtained at relapse.
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Supplementary Table 1b: Antibody (Ab) reagents and DNA probes used for the immunophenotypic and genetic characterization of FNA samples, respectively

IMMUNOCYTOCHEMISTRY /IMMUNOHISTOCHEMISTRY REAGENTS INTERPHASE FLUORESCENCE IN SITU HYBRIDIZATION (IFISH) PROBES

Ab conjugates Clone Source Dilution

Genetic alteration Probe Source

Anti