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Blastic plasmacytoid dendritic cell neoplasm (BPDCN): clinic and diagnosis

BPDCN patients are typically older men who first exhibit colored cutaneous lesions that precede dissemination by a few months.

• Typical morphologies of blastic cells include medium size, cytoplasm with irregular basophilia and small vacuoles under the cytoplasmic membrane and large pseudopodia in a fraction of the population.

• Diagnosis requires phenotypical or immunochemistry confirmation of the pDC origin using specific markers.

SYNOPSIS

Clinical and biological presentation of BPDCN patients are depicted to highlight criteria that might alert physicians. Diagnosis of BPDCN is still challenging and requires: (i)

immunophenotyping of blood or bone marrow aspiration using several markers (CD4, CD56, HLA-DR, myeloid and lymphoid lineage markers) and should include pDC markers such as CD123, cTCL1, CD303 and CD304, and/or (ii) pathological analysis of cutaneous lesions, also with immunohistochemistry using markers specific to BPDCN.

The clinical presentation of BPDCN can be heterogenous, although a typical profile has emerged [START_REF] Pagano | Blastic plasmacytoid dendritic cell neoplasm with leukemic presentation: an Italian multicenter study[END_REF][START_REF] Rauh | Blastic plasmacytoid dendritic cell neoplasm with leukemic presentation, lacking cutaneous involvement: Case series and literature review[END_REF][START_REF] Wang | Blastic plasmacytoid dendritic cell neoplasm without cutaneous lesion at presentation: case report and literature review[END_REF]. The BPDCN patient is typically an old man who first exhibits one or several persistent cutaneous lesions leading to various examinations. Subsequently, some weeks or months later, he develops progressive pancytopenia with specific complications (anemia, bleeding and infectious complications), as is the case in overt acute leukemia presentations. Sometimes there may also be tumoral visceral involvement [START_REF] Facchetti | Neoplasms derived from plasmacytoid dendritic cells[END_REF][START_REF] Garnache-Ottou | How should we diagnose and treat Blastic Plasmacytoid Dendritic Cell Neoplasm (BPDCN) Patients? Blood Adv[END_REF][START_REF] Julia | Blastic plasmacytoid dendritic cell neoplasms: clinico-immunohistochemical correlations in a series of 91 patients[END_REF][START_REF] Leroux | CD4(+), CD56(+) DC2 acute leukemia is characterized by recurrent clonal chromosomal changes affecting 6 major targets: a study of 21 cases by the Groupe Français de Cytogénétique Hématologique[END_REF][START_REF] Pagano | Blastic plasmacytoid dendritic cell neoplasm with leukemic presentation: an Italian multicenter study[END_REF][START_REF] Pemmaraju | Tagraxofusp in Blastic Plasmacytoid Dendritic-Cell Neoplasm[END_REF][START_REF] Reimer | What is CD4+CD56+ malignancy and how should it be treated?[END_REF][START_REF] Sapienza | Blastic Plasmacytoid Dendritic Cell Neoplasm: State of the Art and Prospects[END_REF][START_REF] Taylor | Multicenter Analysis of Outcomes in Blastic Plasmacytoid Dendritic Cell Neoplasm Offers a Pre-Targeted Therapy Benchmark[END_REF].

Multiple case reports or retrospective series of adult patients have shown a median age of 60 [53][54][55][56][57][58][59][60][61][62][63][64][65][66][67][68] years and a male to female ratio of 3 or 4 to 1 [START_REF] Guru Murthy | Epidemiology and survival of blastic plasmacytoid dendritic cell neoplasm[END_REF][START_REF] Kharfan-Dabaja | Diagnostic and therapeutic advances in blastic plasmacytoid dendritic cell neoplasm: a focus on hematopoietic cell transplantation[END_REF][START_REF] Laribi | Blastic Plasmacytoid Dendritic Cell Neoplasm: From Origin of the Cell to Targeted Therapies[END_REF][START_REF] Pileri | Myeloid sarcoma: clinico-pathologic, phenotypic and cytogenetic analysis of 92 adult patients[END_REF][START_REF] Tsagarakis | Acute lymphoplasmacytoid dendritic cell (DC2) leukemia: results from the Hellenic Dendritic Cell Leukemia Study Group[END_REF][START_REF] Tzankov | Plasmacytoid dendritic cell proliferations and neoplasms involving the bone marrow : Summary of the workshop cases submitted to the 18th Meeting of the European Association for Haematopathology (EAHP) organized by the European Bone Marrow Working Group[END_REF][START_REF] Venugopal | Blastic Plasmacytoid Dendritic Cell Neoplasm-Current Insights[END_REF]. It should also be noted that pediatric cases exist, and although rare, have been clearly documented [START_REF] Jegalian | Blastic plasmacytoid dendritic cell neoplasm in children: diagnostic features and clinical implications[END_REF]. Recent publications reported a possible bimodal distribution, with a first peak of incidence in patients aged <20 years, and a second peak after the age of 60 [START_REF] Guru Murthy | Epidemiology and survival of blastic plasmacytoid dendritic cell neoplasm[END_REF][START_REF] Julia | Blastic plasmacytoid dendritic cell neoplasms: clinico-immunohistochemical correlations in a series of 91 patients[END_REF]. In a recent large series [START_REF] Garnache-Ottou | How should we diagnose and treat Blastic Plasmacytoid Dendritic Cell Neoplasm (BPDCN) Patients? Blood Adv[END_REF], we confirmed a median age of 64 years and a predominance of 4 males for 1 female. We also identified older age and altered general status as adverse clinical prognostic features with a significant impact on overall survival. The adverse impact of age is present as a continuous variable, i.e. the older the patient, the worse the prognosis. General status is also important, but is significantly altered in only 10-15% of patients [START_REF] Garnache-Ottou | How should we diagnose and treat Blastic Plasmacytoid Dendritic Cell Neoplasm (BPDCN) Patients? Blood Adv[END_REF].

Cutaneous lesions are the hallmark of the disease and are present in >90% (60-100%) of patients reported in the literature [START_REF] Amitay-Laish | Localized skin-limited blastic plasmacytoid dendritic cell neoplasm: A subset with possible durable remission without transplantation[END_REF][START_REF] Assaf | Cutaneous lymphomas in Germany: an analysis of the Central Cutaneous Lymphoma Registry of the German Society of Dermatology (DDG)[END_REF][START_REF] Bénet | Histologic and immunohistologic characterization of skin localization of myeloid disorders: a study of 173 cases[END_REF][START_REF] Martín-Martín | Classification and clinical behavior of blastic plasmacytoid dendritic cell neoplasms according to their maturation-associated immunophenotypic profile[END_REF][START_REF] Petrella | CD4+ CD56+ cutaneous neoplasms: a distinct hematological entity? Groupe Français d'Etude des Lymphomes Cutanés (GFELC)[END_REF][START_REF] Petrella | Blastic NK-cell lymphomas (agranular CD4+CD56+ hematodermic neoplasms): a review[END_REF][START_REF] Pileri | Blastic plasmacytoid dendritic cell neoplasm (BPDCN): the cutaneous sanctuary[END_REF]. Skin lesions can be of various size (mm to cm), color (red, purple, xanthochromic) and forms (solitary or multiple nodules, plaques). They are usually non-pruritic and present as bruise-like infiltration with no preferential anatomical localization, except a trend to involve the upper thoracic integument. With time, these lesions can progress to a scaly presentation. The skin is the first step of the disease in 60-90% of the cases [START_REF] Assaf | Cutaneous lymphomas in Germany: an analysis of the Central Cutaneous Lymphoma Registry of the German Society of Dermatology (DDG)[END_REF][START_REF] Barros Romão | Blastic Plasmacytoid Dendritic Cell Neoplasm with Pulmonary Involvement and Atypical Skin Lesion[END_REF][START_REF] Petrella | CD4+ CD56+ cutaneous neoplasms: a distinct hematological entity? Groupe Français d'Etude des Lymphomes Cutanés (GFELC)[END_REF][START_REF] Pileri | Blastic plasmacytoid dendritic cell neoplasm (BPDCN): the cutaneous sanctuary[END_REF][START_REF] Venugopal | Blastic Plasmacytoid Dendritic Cell Neoplasm-Current Insights[END_REF]. In our experience, cutaneous involvement is present in 85% of patients and precedes marrow infiltration by 2-3 months in 45% of cases [START_REF] Garnache-Ottou | How should we diagnose and treat Blastic Plasmacytoid Dendritic Cell Neoplasm (BPDCN) Patients? Blood Adv[END_REF]. A single cutaneous lesion was present in 46.5% while disseminated skin involvement was visible in 38%, and the disease remained localized to the skin in only 1.5% of patients. The presence of isolated lesions is a marker of better clinical outcome, while an eruptive presentation is probably the sign of aggressive disease, with reported progression free survival of 23 vs. 9 months respectively [START_REF] Pileri | Blastic plasmacytoid dendritic cell neoplasm (BPDCN): the cutaneous sanctuary[END_REF]. The skin could be considered as a sanctuary organ for BPDCN tumoral cells and probably a significant reflection of the tumor burden of disease [START_REF] Pileri | Blastic plasmacytoid dendritic cell neoplasm (BPDCN): the cutaneous sanctuary[END_REF][START_REF] Sapienza | Blastic Plasmacytoid Dendritic Cell Neoplasm: State of the Art and Prospects[END_REF][START_REF] Venugopal | Blastic Plasmacytoid Dendritic Cell Neoplasm-Current Insights[END_REF]. Real BPDCN cases without any skin disease have been reported, exhibiting no other specific clinical trends, and this does not confer a different prognostic course on them [START_REF] Murphy | Blastic plasmacytoid dendritic cell neoplasm (BPDCN) in leukaemic phase without skin lesions: a diagnostic and management challenge[END_REF][START_REF] Pagano | Blastic plasmacytoid dendritic cell neoplasm with leukemic presentation: an Italian multicenter study[END_REF][START_REF] Rauh | Blastic plasmacytoid dendritic cell neoplasm with leukemic presentation, lacking cutaneous involvement: Case series and literature review[END_REF][START_REF] Wang | Blastic plasmacytoid dendritic cell neoplasm without cutaneous lesion at presentation: case report and literature review[END_REF]. On the contrary, cases with tumoral involvement limited to the skin with no further spread of the disease in the blood, marrow or other organs have also been described, but they remain rare, and exhibit a potentially better prognosis [START_REF] Assaf | Cutaneous lymphomas in Germany: an analysis of the Central Cutaneous Lymphoma Registry of the German Society of Dermatology (DDG)[END_REF][START_REF] Barros Romão | Blastic Plasmacytoid Dendritic Cell Neoplasm with Pulmonary Involvement and Atypical Skin Lesion[END_REF][START_REF] Julia | Blastic plasmacytoid dendritic cell neoplasms: clinico-immunohistochemical correlations in a series of 91 patients[END_REF][START_REF] Silveira | Blastic plasmacytoid dendritic cell neoplasm: an early presentation[END_REF]. In clinical trials, the evaluation of skin involvement should be based on the experience of dermatologists with the quantification of the tumoral mass of the skin using a specific tool, i.e. the severityweighted assessment tool (SWAT), which will enable valuable comparisons between different series [START_REF] Pemmaraju | Tagraxofusp in Blastic Plasmacytoid Dendritic-Cell Neoplasm[END_REF][START_REF] Scarisbrick | How big is your hand and should you use it to score skin in cutaneous T-cell lymphoma?[END_REF][START_REF] Stevens | Quantifying skin disease burden in mycosis fungoides-type cutaneous T-cell lymphomas: the severity-weighted assessment tool (SWAT)[END_REF].

Tumoral mucosal involvement has been described in very few cases, preferentially affecting the oral cavity and mimicking fungal infections or nasal NK-T lymphoma presentation [START_REF] Julia | Blastic plasmacytoid dendritic cell neoplasm: clinical features in 90 patients[END_REF][START_REF] Lee | Blastic plasmacytoid dendritic cell neoplasm with unusual extracutaneous manifestation: Two case reports and literature review[END_REF][START_REF] Yu | Atypical presentation of blastic plasmacytoid dendritic cell neoplasm: A potential diagnostic pitfall in nasal cavity[END_REF].

The marrow is the second most frequently affected organ in BPDCN patients, explaining why many patients are initially suspected of overt acute leukemia with complications related to cytopenia and cutaneous lesions [START_REF] Garnache-Ottou | How should we diagnose and treat Blastic Plasmacytoid Dendritic Cell Neoplasm (BPDCN) Patients? Blood Adv[END_REF][START_REF] Pagano | Blastic plasmacytoid dendritic cell neoplasm with leukemic presentation: an Italian multicenter study[END_REF][START_REF] Pileri | Myeloid sarcoma: clinico-pathologic, phenotypic and cytogenetic analysis of 92 adult patients[END_REF][START_REF] Sapienza | Blastic Plasmacytoid Dendritic Cell Neoplasm: State of the Art and Prospects[END_REF].

Other visceral involvements concern the lymph nodes, which can be affected in around half of patients, with no preferred anatomic area [START_REF] Garnache-Ottou | How should we diagnose and treat Blastic Plasmacytoid Dendritic Cell Neoplasm (BPDCN) Patients? Blood Adv[END_REF][START_REF] Kharfan-Dabaja | Diagnostic and therapeutic advances in blastic plasmacytoid dendritic cell neoplasm: a focus on hematopoietic cell transplantation[END_REF][START_REF] Pagano | Blastic plasmacytoid dendritic cell neoplasm with leukemic presentation: an Italian multicenter study[END_REF][START_REF] Pileri | Myeloid sarcoma: clinico-pathologic, phenotypic and cytogenetic analysis of 92 adult patients[END_REF][START_REF] Reimer | What is CD4+CD56+ malignancy and how should it be treated?[END_REF][START_REF] Sapienza | Blastic Plasmacytoid Dendritic Cell Neoplasm: State of the Art and Prospects[END_REF][START_REF] Taylor | Multicenter Analysis of Outcomes in Blastic Plasmacytoid Dendritic Cell Neoplasm Offers a Pre-Targeted Therapy Benchmark[END_REF]. The spleen and liver can also be affected in up to 20% of cases. No specific tropism for the gastro-intestinal tract has been described. All organs can be affected, although reports remain anecdotal (breast, lung, bladder or kidney for instance) [START_REF] Barros Romão | Blastic Plasmacytoid Dendritic Cell Neoplasm with Pulmonary Involvement and Atypical Skin Lesion[END_REF][START_REF] Garnache-Ottou | How should we diagnose and treat Blastic Plasmacytoid Dendritic Cell Neoplasm (BPDCN) Patients? Blood Adv[END_REF]. They are clinically perceptible, rarely compressive or asymptomatic, and only individualized after CT scan or metabolic exploration [START_REF] Sapienza | Blastic Plasmacytoid Dendritic Cell Neoplasm: State of the Art and Prospects[END_REF][START_REF] Venugopal | Blastic Plasmacytoid Dendritic Cell Neoplasm-Current Insights[END_REF].

A major clinical point is the neurological involvement at initial diagnosis. In some series, up to 30% of central nervous system (CNS) involvement is described [START_REF] Dornbos | Spinal Cord Toxicity from Intrathecal Chemotherapy: A Case with Clinicopathologic Correlation[END_REF][START_REF] Martín-Martín | Classification and clinical behavior of blastic plasmacytoid dendritic cell neoplasms according to their maturation-associated immunophenotypic profile[END_REF][START_REF] Pagano | Blastic plasmacytoid dendritic cell neoplasm with leukemic presentation: an Italian multicenter study[END_REF][START_REF] Pemmaraju | Tagraxofusp in Blastic Plasmacytoid Dendritic-Cell Neoplasm[END_REF][START_REF] Zheng | Blastic plasmacytoid dendritic cell neoplasm: cytopathologic findings[END_REF]. This consists in the presence of tumoral cells in the cerebrospinal fluid without any neurological signs, or rarely, in a classic meningeal syndrome or some localized neurological deficit. In our recent series, clinical neurological involvement was documented in 8% of cases with 2 cases of symptomatic ocular infiltration [START_REF] Garnache-Ottou | How should we diagnose and treat Blastic Plasmacytoid Dendritic Cell Neoplasm (BPDCN) Patients? Blood Adv[END_REF].

Due to the diversity of clinical presentation, oncologists, hematologists, internal medicine physicians and dermatologists must all be aware of this specific tumoral entity, in order to avoid misleading diagnosis and ensure adequate and rapid medical care of the patient.

Diagnosis of BPDCN in clinical practice

Morphologies

Leukemic pDC blastic cells frequently and rapidly disseminate in the blood and bone marrow, leading to a leukemic presentation with which physicians and biologists are confronted. These professionals should therefore be aware of the presentation of BPDCN in the hematology laboratory, based on morphologies of the blastic population and the immunophenotypic profile that can be observed.

Cytopenia is frequent at diagnosis in relation with the bone marrow involvement; anemia and thrombocytopenia in two-thirds of patients, and less frequently, neutropenia [START_REF] Garnache-Ottou | How should we diagnose and treat Blastic Plasmacytoid Dendritic Cell Neoplasm (BPDCN) Patients? Blood Adv[END_REF][START_REF] Pagano | Blastic plasmacytoid dendritic cell neoplasm with leukemic presentation: an Italian multicenter study[END_REF][START_REF] Taylor | Multicenter Analysis of Outcomes in Blastic Plasmacytoid Dendritic Cell Neoplasm Offers a Pre-Targeted Therapy Benchmark[END_REF]. Biologist can suspect BPDCN based on the morphological characteristics of the blastic population on blood or bone marrow aspiration smears. Most frequently, blasts are intermediate sized cells with a round, frequently peripheral nucleus, with open chromatin and frequent nucleolus.

Cytoplasm displays faint basophilia with irregular grey areas and no granulation. Frequently, but only in a fraction of the blastic population, cells show very small or coalescent vacuoles under the cytoplasmic membrane and large pseudopodia (Figure 1). Importantly, biologists must be aware that morphologies can be different and challenging. Difficulties arise in cases with small pseudo-lymphoid cells, with less blastoid chromatin, mimicking lymphoma; large, strongly basophilic cytoplasm leading to pseudo-monoblastic cells, mimicking monoblastic leukemia; or undifferentiated cells with no or very infrequent cells with vacuoles and pseudopodia. An immunoblastoid cytomorphology was also described in 2018 [START_REF] Fu | Narrowing down the common deleted region of 5q to 6.0 Mb in blastic plasmacytoid dendritic cell neoplasms[END_REF][START_REF] Kodaira | blastic plasmacytoid dendritic cell neoplasma[END_REF][START_REF] Kubota | Lineage-specific RUNX2 super-enhancer activates MYC and promotes the development of blastic plasmacytoid dendritic cell neoplasm[END_REF][START_REF] Momoi | Cutaneous lymphoblastic lymphoma of putative plasmacytoid dendritic cellprecursor origin: two cases[END_REF][START_REF] Nakamura | Identification of SUPT3H as a novel 8q24/MYC partner in blastic plasmacytoid dendritic cell neoplasm with t(6;8)(p21;q24) translocation[END_REF][START_REF] Sakamoto | Recurrent 8q24 rearrangement in blastic plasmacytoid dendritic cell neoplasm: association with immunoblastoid cytomorphology, MYC expression, and drug response[END_REF][START_REF] Takiuchi | Leukemic manifestation of blastic plasmacytoid dendritic cell neoplasm lacking skin lesion : a borderline case between acute monocytic leukemia[END_REF], associated with MYC rearrangements and a CD56 -immunophenotype, with a prevalence of around 35% in Japanese populations, and which seems to be lower in Caucasians (4-8%) [START_REF] Boddu | 8q24/MYC rearrangement is a recurrent cytogenetic abnormality in blastic plasmacytoid dendritic cell neoplasms[END_REF][START_REF] Harley | A Rare Case of Blastic Plasmacytoid Dendritic Cell Neoplasm with Aberrant Immunophenotypic Profile and Unusual Cytogenetics[END_REF][START_REF] Kurt | Blastic plasmacytoid dendritic cell neoplasm with unusual morphology, MYC rearrangement and TET2 and DNMT3A mutations[END_REF][START_REF] Leroux | CD4(+), CD56(+) DC2 acute leukemia is characterized by recurrent clonal chromosomal changes affecting 6 major targets: a study of 21 cases by the Groupe Français de Cytogénétique Hématologique[END_REF][START_REF] Sumarriva Lezama | An analysis of blastic plasmacytoid dendritic cell neoplasm with translocations involving the MYC locus identifies t(6;8)(p21;q24) as a recurrent cytogenetic abnormality[END_REF].

It is noteworthy that the frequency of cases with circulating blasts or bone marrow involvement at diagnosis is variable, depending on the origin of the published series. It is frequent (± 70% of cases) when the diagnosis is made by hematologists [START_REF] Deotare | Blastic plasmacytoid dendritic cell neoplasm with leukemic presentation: 10-Color flow cytometry diagnosis and HyperCVAD therapy[END_REF][START_REF] Garnache-Ottou | How should we diagnose and treat Blastic Plasmacytoid Dendritic Cell Neoplasm (BPDCN) Patients? Blood Adv[END_REF][START_REF] Loghavi | Disseminated blastic plasmacytoid dendritic cell neoplasm[END_REF][START_REF] Pagano | Blastic plasmacytoid dendritic cell neoplasm with leukemic presentation: an Italian multicenter study[END_REF][START_REF] Taylor | Multicenter Analysis of Outcomes in Blastic Plasmacytoid Dendritic Cell Neoplasm Offers a Pre-Targeted Therapy Benchmark[END_REF], but lower when the diagnosis is made by dermatologists due to investigation of one or more first skin lesions [START_REF] Julia | Blastic plasmacytoid dendritic cell neoplasm: clinical features in 90 patients[END_REF]. This is not surprising, since isolated cutaneous lesions seem to precede leukemic diffusion in the majority of cases.

In 10 to 20% of cases, BPDCN arise in patients known to have myelodysplastic syndrome or in patients presenting dysplasia on myeloid cells [START_REF] Chamoun | Early detection of transformation to BPDCN in a patient with MDS[END_REF][START_REF] Feuillard | Clinical and biologic features of CD4(+)CD56(+) malignancies[END_REF] suggesting that the development of BPDCN represents a second event in a context of myelodysplasia [START_REF] Alayed | TET2 mutations, myelodysplastic features, and a distinct immunoprofile characterize blastic plasmacytoid dendritic cell neoplasm in the bone marrow[END_REF][START_REF] Chamoun | Early detection of transformation to BPDCN in a patient with MDS[END_REF][START_REF] Sukswai | Dual Expression of TCF4 and CD123 is Highly Sensitive and Specific For Blastic Plasmacytoid Dendritic Cell Neoplasm[END_REF]. High incidence of CNS involvement [START_REF] Feuillard | Clinical and biologic features of CD4(+)CD56(+) malignancies[END_REF][START_REF] Martín-Martín | Blastic plasmacytoid dendritic cell neoplasm frequently shows occult central nervous system involvement at diagnosis and benefits from intrathecal therapy[END_REF][START_REF] Pagano | Blastic plasmacytoid dendritic cell neoplasm with leukemic presentation: an Italian multicenter study[END_REF][START_REF] Tsagarakis | Acute lymphoplasmacytoid dendritic cell (DC2) leukemia: results from the Hellenic Dendritic Cell Leukemia Study Group[END_REF] implies that cerebral liquid could be evaluated in search of blastic cells by cytology analysis or flow cytometry, both at diagnosis and at suspected relapse, where it is even more frequent, and probably underestimated (30% to almost 100% of cases) [START_REF] Martín-Martín | Blastic plasmacytoid dendritic cell neoplasm frequently shows occult central nervous system involvement at diagnosis and benefits from intrathecal therapy[END_REF][START_REF] Pagano | Blastic plasmacytoid dendritic cell neoplasm with leukemic presentation: an Italian multicenter study[END_REF].

Imunophenotype

Identifying BPDCN is not difficult when the CD45 low blastic population lacks all myelomonocytic, erythroid, megakaryocytic, lymphoid and plasma cell lineage markers. Only CD4 and CD56 are expressed with a high level of HLA-DR. However, this phenotype is not specific to BPDCN, since monoblastic leukemia, for example, can harbor these markers. The pDC lineage origin must be confirmed by the revelation of (more or less) pDC-specific marker expression, such as CD123 (IL-3-R alpha), CD303 (BDCA2) and cTCL1 (T-cell leukemia 1) [START_REF] Angelot-Delettre | Intracytoplasmic detection of TCL1--but not ILT7-by flow cytometry is useful for blastic plasmacytoid dendritic cell leukemia diagnosis[END_REF][START_REF] Boiocchi | BDCA-2 (CD303): a highly specific marker for normal and neoplastic plasmacytoid dendritic cells[END_REF][START_REF] Petrella | TCL1 and CLA expression in agranular CD4/CD56 hematodermic neoplasms (blastic NK-cell lymphomas) and leukemia cutis[END_REF]. CD123 is not specific to BPDCN since B-cell (B-ALL) and T-cell acute lymphoblastic leukemia (T-ALL) and more frequently AML can also express it [START_REF] Bénet | Histologic and immunohistologic characterization of skin localization of myeloid disorders: a study of 173 cases[END_REF][START_REF] Djokic | Overexpression of CD123 correlates with the hyperdiploid genotype in acute lymphoblastic leukemia[END_REF][START_REF] Jordan | The interleukin-3 receptor alpha chain is a unique marker for human acute myelogenous leukemia stem cells[END_REF][START_REF] Lhermitte | Most immature T-ALLs express Ra-IL3 (CD123): possible target for DT-IL3 therapy[END_REF]. However, the level of CD123 expression is statistically higher in BPDCN [START_REF] Garnache-Ottou | Extended diagnostic criteria for plasmacytoid dendritic cell leukaemia[END_REF], thereby giving a first indication to suggest this diagnosis, if this type of blastic population is identified with very high CD123 expression (the level is at least as high as that of basophils). CD304 is also frequently expressed in BPDCN, but is not specific to the pDC lineage, since it can be expressed by B-ALL [START_REF] Solly | CD304 is preferentially expressed on a subset of B-lineage acute lymphoblastic leukemia and represents a novel marker for minimal residual disease detection by flow cytometry[END_REF] and monoblastic cells [START_REF] Garnache-Ottou | Extended diagnostic criteria for plasmacytoid dendritic cell leukaemia[END_REF]. CD303 is very specific, but not very sensitive, since nearly 30% of BPDCN lose this marker, or its expression is very low by flow cytometry, and interpretation is difficult [START_REF] Garnache-Ottou | Extended diagnostic criteria for plasmacytoid dendritic cell leukaemia[END_REF]. cTCL1 is a protooncogene expressed during B and T cell development, and that is absent on mature T cell and myeloid lineages. It is overexpressed in mature lymphoid malignancies [START_REF] Narducci | Regulation of TCL1 expression in B-and T-cell lymphomas and reactive lymphoid tissues[END_REF] as well as in B-ALL and some AML [START_REF] Angelot-Delettre | Intracytoplasmic detection of TCL1--but not ILT7-by flow cytometry is useful for blastic plasmacytoid dendritic cell leukemia diagnosis[END_REF], but it is expressed at higher levels in BPDCN [START_REF] Angelot-Delettre | Intracytoplasmic detection of TCL1--but not ILT7-by flow cytometry is useful for blastic plasmacytoid dendritic cell leukemia diagnosis[END_REF].

As BPDCN frequently express myeloid or lymphoid lineage markers (e.g. CD7, CD33, CD117 or CD22) [START_REF] Cota | Cutaneous manifestations of blastic plasmacytoid dendritic cell neoplasmmorphologic and phenotypic variability in a series of 33 patients[END_REF][START_REF] Garnache-Ottou | Expression of the myeloid-associated marker CD33 is not an exclusive factor for leukemic plasmacytoid dendritic cells[END_REF] and even some markers that are very specific to lymphoid lineage, such as cCD79a [START_REF] Feuillard | Clinical and biologic features of CD4(+)CD56(+) malignancies[END_REF] and cCD3 [START_REF] Facchetti | Neoplasms derived from plasmacytoid dendritic cells[END_REF], the diagnosis of BPDCN may not be immediately evident. Moreover, BPDCN can harbor low CD56 expression or may lack CD56 [START_REF] Kawai | CD56-negative blastic natural killer-cell lymphoma (agranular CD4(+)/CD56(+) haematodermic neoplasm)?[END_REF][START_REF] Lamar | Blastic Plasmacytoid Dendritic Cell Neoplasm: Report of a Case with Atypical Cytology and Immunophenotype[END_REF][START_REF] Martín-Martín | Classification and clinical behavior of blastic plasmacytoid dendritic cell neoplasms according to their maturation-associated immunophenotypic profile[END_REF](10) and more rarely, lack CD4 [START_REF] Montes-Moreno | SPIB, a novel immunohistochemical marker for human blastic plasmacytoid dendritic cell neoplasms: characterization of its expression in major hematolymphoid neoplasms[END_REF]. It is clear that diagnosis is still challenging, and confirming the pDC origin using a wide range of markers, such as CD123, CD303, CD304 and cTCL1, is mandatory to achieve BPDCN diagnosis by flow cytometry.

BPDCN must be differentiated to mature pDC proliferations associated with myeloid neoplasm (MPDCP) [START_REF] Bénet | Histologic and immunohistologic characterization of skin localization of myeloid disorders: a study of 173 cases[END_REF][START_REF] Khoury | CD56(+) TdT(+) blastic natural killer cell tumor of the skin: a primitive systemic malignancy related to myelomonocytic leukemia[END_REF][START_REF] Vermi | Nodal and extranodal tumor-forming accumulation of plasmacytoid monocytes/interferon-producing cells associated with myeloid disorders[END_REF][START_REF] Vitte | Specific skin lesions in chronic myelomonocytic leukemia: a spectrum of myelomonocytic and dendritic cell proliferations: a study of 42 cases[END_REF] described in the WHO 2017 classification [START_REF] Facchetti | Neoplasms derived from plasmacytoid dendritic cells[END_REF][START_REF] Swerdlow | WHO Classification of Tumours of Haematopoietic and Lymphoid Tissues[END_REF], which associates aggregates of pDCs that are always CD56 -and a myeloid malignancy, such as chronic myelomonocytic leukemia most often, or myelodysplasia or acute myeloid leukemia (AML) [START_REF] Lucas | Biology and prognostic impact of clonal plasmacytoid dendritic cells in chronic myelomonocytic leukemia[END_REF]. In MPDCP associated with AML, an excess of CD56 -pDC is associated with a CD34 + blastic population [START_REF] Facchetti | Neoplasms derived from plasmacytoid dendritic cells[END_REF][START_REF] Hamadeh | Flow Cytometry Identifies a Spectrum of Maturation in Myeloid Neoplasms Having Plasmacytoid Dendritic Cell Differentiation[END_REF].

BPDCN in a large majority of cases lack immature markers such as CD34 and CD133 (except for Tdt, which is expressed in one third of cases) [START_REF] Kurt | Blastic plasmacytoid dendritic cell neoplasm with unusual morphology, MYC rearrangement and TET2 and DNMT3A mutations[END_REF]. It has been suggested that MPDCP cases could be considered as immature BPDCN (Martín-Martín et al., 2015) but this remains to be explored.

Pathology

The diagnosis of BPDCN might require a biopsy specimen particularly for patients without leukemic phase. As most of the patient are presenting a skin involvement, the diagnosis is regularly made by skin biopsy. Sometimes the diagnosis is made on lymph node or bone marrow biopsies.

Skin biopsy generally shows a dense and monomorphous infiltrate involving dermis and fat tissue. The epidermis is generally spared with presence of a grenz-zone. The infiltrate is constituted of medium-sized cells that display a slightly irregular-shaped nucleus with smooth chromatin resembling lymphoblasts. One or several medium or small-sized nucleoli can be seen. The cytoplasm is difficult to visualize and never exhibits granulation. Large and small-sized cells can be seen within the infiltrate of medium-sized cells but are generally rare. Inflammatory infiltrate may also be present but most often slight and mainly consists of small T lymphocytes. Commonly, there are no plasma cells or eosinophils within the infiltrate. Mitoses are seen in variable number. Angiocentrism and angiodestruction are uncommon features. Cutaneous appendages are generally erased by the tumor cell infiltration. When involved, the lymph nodes are generally, at least initially, infiltrated with a leukemia pattern, involving the interfollicular areas and medulla first, sparing B-follicles. In patient with a leukemic phase the bone marrow is generally infiltrated. The bone marrow biopsy may show either a mild interstitial or diffuse infiltrate. Furthermore, the haematopoietic tissue may exhibit dysplastic features, especially dysplastic megakaryocytes and may shows increased number of monocytes.

Immunohistochemistry is mandatory to achieve the final diagnosis. As developed in the phenotype chapter, a panel of antibodies is required including CD123, CD4, CD56, TCL1, CD3 and CD20. Typical BPDCN must shows CD123, CD4, CD56 and TCL1 positivity and CD3 and CD20 negativity.

Conclusion

Overall, biologists and pathologists need to be alert to the diagnosis of BPDCN, and they should learn to recognize its characteristics. Since it is rare and depends on recruitment, physicians are confronted with this diagnosis much less frequently than with acute leukemia or cutaneous lymphoma. Diagnosis can be made on blood or bone marrow aspiration, if infiltrated, using a large panel of antibodies including BPDCN markers, or on pathological analysis of cutaneous lesions, also with immunohistochemistry using markers that enable clear differentiation of BPDCN from immature or myeloid leukemia and also MPDCP. Courtesy of Francine Garnache-Ottou, Besançon, France.
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 1 Figure 1. Typical morphologies of BPDCN cells in blood or bone marrow aspirates.