
© 2017 Trottier et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Blood and Lymphatic Cancer: Targets and Therapy 2017:7 85–93

Blood and Lymphatic Cancer: Targets and Therapy Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
85

R E V I E W

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/BLCTT.S132060

Blastic plasmacytoid dendritic cell neoplasm: 
challenges and future prospects

Amy M Trottier
Sonia Cerquozzi
Carolyn J Owen
Division of Hematology and 
Hematological Malignancies, 
University of Calgary, Foothills 
Medical Centre, Calgary, AB, Canada

Abstract: Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is a rare CD4+ CD56+ 

myeloid malignancy that is challenging to diagnose and treat. BPDCN typically presents with 

nonspecific cutaneous lesions with or without extra-cutaneous manifestations before progressing 

to leukemia. Currently, there is no standard of care for the treatment of BPDCN and various 

approaches have been used including acute myeloid leukemia, acute lymphoblastic leukemia, 

and lymphoma-based regimens with or without stem cell transplantation. Despite these treat-

ment approaches, the prognosis of BPDCN remains poor and there is a lack of prospective data 

upon which to base treatment decisions. Recent work examining the mutational landscape and 

gene expression profiles of BPDCN has identified a number of potential therapeutic targets. One 

such target is CD123, the α subunit of the human interleukin-3 receptor, which is the subject 

of intervention studies using the novel agent SL-401. Other investigational therapies include 

UCART123, T-cell immunotherapy, and venetoclax. Prospective trials are needed to determine 

the best treatment for this uncommon and aggressive neoplasm.  
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Introduction
Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is a rare and clinically aggres-

sive CD4+ CD56+ hematopoietic malignancy with no lineage-specific markers that has 

no defined standard of care. Prior to the discovery of its cell of origin, BPDCN was 

formerly named blastic natural killer (NK) cell lymphoma, agranular CD4+ NK cell 

leukemia, blastic NK leukemia/lymphoma, and agranular CD4+ CD56+ hematodermic 

neoplasm/tumor. The first clinical cases were described in the mid-1990s of uncom-

mon, morphologically agranular CD4+ CD56+ hematopoietic malignancies with an 

aggressive clinical course and a propensity for cutaneous involvement.1,2 In the 2008 

World Health Organization (WHO) Classification of Tumours of Haematopoietic and 

Lymphoid Tissues, this entity was renamed BPDCN and classified as myeloid lineage 

based on newer understanding of its plasmacytoid dendritic cell (pDC) origin.3 This 

nomenclature has remained in the 2016 WHO revision.4

BPDCN arises from precursors of pDCs (type 2 dendritic cells) but its underlying 

pathogenesis remains unknown.5,6 pDCs are also known as professional type 1 inter-

feron producing cells or plasmacytoid monocytes because they are known to produce 

high amounts of interferon-α in response to viruses or viral nucleic acids and play a 

role in the innate immune system.7,8 Though this may hint at a role of viral exposure 

in the pathogenesis of BPDCN, there is no known association to any virus, including 
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Epstein–Barr virus. BPDCN can occur at any age but is most 

common in the elderly, with a median age at diagnosis in the 

mid to late 60s.9–11 It has no known ethnic predisposition 

with a male to female ratio of 3:1.9 The true incidence of 

BPDCN is unknown, partly due to its changing nomenclature; 

however, it is very rare, estimated to be <1% of hematologic 

neoplasms.12 The prognosis of BPDCN is also very poor with 

a median overall survival (OS) of ~12–14 months.5

This review addresses the clinical and pathologic presenta-

tion of BPDCN, diagnostic challenges, treatment approaches, 

and outcomes with a focus on the adult population. 

Clinical presentation
Patients with BPDCN frequently present with asymptomatic 

cutaneous manifestations with or without extra-cutaneous 

involvement, which can include lymphadenopathy, sple-

nomegaly, cytopenias, and bone marrow involvement with 

progression to leukemia. Rarely, BPDCN can present as overt 

leukemia without cutaneous involvement.13 BPDCN cutane-

ous lesions can be variable and typically are either nodular, 

“bruise-like” patches, or disseminated and mixed lesions 

(macules and nodules).10 Figure 1 shows the images of mixed 

cutaneous lesions in a patient prior to treatment. In a large 

retrospective series, violaceous nodular lesions represented 

73% of the cutaneous presentations,10 while another smaller 

series showed mixed lesions as more common than nodular 

lesions.11 Lesions can involve the extremities, trunk, face, 

and even mucous membranes. No prognostic significance 

has been noted for the different cutaneous presentations.10 

Extra-cutaneous involvement at the time of diagnosis 

occurs in approximately two-thirds of patients.10 Bone mar-

row involvement is a common extra-cutaneous manifestation, 

ranging from minimal to extensive infiltration.9–11 Lymph-

adenopathy, splenomegaly, and hepatomegaly have also been 

observed. Central nervous system (CNS) involvement, pri-

marily leptomeningeal, is less frequently reported at ~10%.10

BPDCN more rarely presents in a symptomatic leukemic 

state. An Italian multicenter retrospective study of 43 patients 

with leukemic BPDCN found that 77% of patients had con-

current cutaneous involvement, 56% had lymphadenopathy, 

44% had splenomegaly, 42% had hepatomegaly, and 21% 

had other sites of disease including 9% with CNS disease.14 

Interestingly, 23% of these cases were secondary leukemia (6 

therapy-related cases and 4 patients with preexisting myelo-

dysplastic syndrome). The median OS in this retrospective 

cohort was shorter at 8.7 months. Leukemic BPDCN without 

cutaneous lesions is also reported with similarly poor out-

comes and no other distinguishing features.13

The diagnosis of BPDCN is frequently delayed due to its 

rarity, and is often a cutaneous-only presentation as well as 

overlapping immunophenotype with other benign and malig-

nant disorders. Suspicion for BPDCN should arise when an 

older patient presents with persistent cutaneous lesions that 

do not respond to conventional dermatologic therapies with or 

without extra-cutaneous features such as lymphadenopathy, 

splenomegaly, and cytopenias. Cutaneous lesions require 

biopsy for histological and immunophenotypic evaluation in 

order to differentiate BPDCN from an array of other condi-

tions with similar cutaneous involvement (Table 1). 

Figure 1 Characteristic violaceous nodules of cutaneous involvement by blastic 
plasmacytoid dendritic cell neoplasm. 

Table 1 Differential diagnosis of blastic plasmacytoid dendritic 
cell neoplasm

Benign Malignant 

Tuberculosis Acute myeloid leukemia 
Toxoplasmosis Leukemia cutis 
Sarcoidosis Myeloid sarcoma 
Histiocytic necrotizing 
lymphadenitis 

Extranodal NK/T-cell lymphoma, 
nasal type 

Castleman disease Cutaneous T-cell lymphoblastic 
leukemia/lymphoma 

Systemic lupus erythematosus Primary cutaneous T-cell lymphoma 
Lichen planus 
Psoriasis 
Contact dermatitis 

Abbreviation: NK, natural killer.
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Pathology
BPDCN can have similar immunohistochemistry patterns 

and morphologic appearance to benign states or other hema-

tologic neoplasms such as acute myeloid leukemia (AML) 

and NK or T-cell lymphomas; thus, expert hematopathology 

review is recommended for diagnosis.

Morphology
On histology, cutaneous biopsies are characterized by the 

presence of a diffuse monomorphic infiltrate of medium-

sized blast cells with fine chromatin, irregular nuclei, and 

one or more small nucleoli.11,15,16 The cells have only small 

amounts of agranular cytoplasm.15 Skin biopsies show a 

diffuse infiltration of these cells in the dermis with sparing 

of the epidermis but can have extension into the subcutane-

ous fat.11 There is no angioinvasion or coagulative necrosis. 

Lymph nodes are characterized by diffuse involvement of 

similar appearing malignant cells in interfollicular areas 

and medulla.15 Bone marrow involvement is variable with 

minimal to extensive infiltration and dysplastic features can 

be seen, particularly in the megakaryocytes. None of these 

features are diagnostic for BPDCN and further examination 

with extensive immunophenotyping is necessary. 

Immunophenotype
The immunophenotype obtained by immunohistochemistry 

or flow cytometry can be used to identify BPDCN. BPDCN 

is characterized by the expression of both CD4 and CD56 

in addition to one or more antigens specific to pDCs includ-

ing CD123, BDCA-2 (also known as CD303), TCL1, and 

CD2AP as well as the absence of lineage-specific markers 

for B cells (CD19−, CD20−, CD79a−), T-cells (CD3− and 

CD5−), and myeloid and monocytic cells (MPO−, lyso-

zyme−, CD13−, and CD117−);15,17–20 Figure 2 shows the 

morphology and immunohistochemistry images. CD34 is 

also negative and EBV-encoded RNA (EBER) is not present.15 

Terminal deoxynucleotidyl transferase (TdT) can be positive 

or negative.15 CD68, which is found on normal pDCs, can 

be positive in 50% of BPDCN cases.21 CD7 and CD33 are 

also commonly positive.15 

The pathologic diagnosis of BPCDN can be very chal-

lenging due to atypical immunophenotyping. In rare cases, 

BPDCN can lack expression of CD56 and/or CD4.11,18,22 

Also contributing to the diagnostic dilemma is the partially 

overlapping immunophenotype with benign pDCs in reactive 

lymph nodes, with the exception of CD56, which is nega-

tive in reactive cells.23 pDCs can accumulate in a variety of 

infections and inflammatory conditions, as listed in Table 1, 

and the cutaneous lesions can resemble those of BPDCN 

and have a similar immunophenotype with expression of 

pDC-specific antigens; however, reactive pDCs can usually 

be differentiated based on the lack of CD56 expression and 

TdT negativity, which is positive in about 30% of BPDCN 

cases.20

A B

C D

Figure 2 H&E stains of a skin biopsy from a patient with blastic plasmacytoid dendritic cell neoplasm showing a dense infiltrate of medium-sized atypical cells with sparing of 
the epidermis (A, B). Immunohistochemical stains are positive for CD4 (C) and CD56 (D). 
Abbreviation: H&E, hematoxylin and eosin.
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Other hematologic neoplasms that may express both 

CD56 and CD4 such as AML, AML-associated leukemia 

cutis, extranodal NK/T-cell lymphoma, nasal-type and some 

T-cell lymphomas must be differentiated from BPDCN by 

testing for the aforementioned pDC-specific antigens. Several 

myeloid antigens can help in differentiation including MPO, 

CD117, CD34, and lysozyme which are typically expressed 

by myeloid sarcoma, AML, and leukemia cutis but not in 

BPDCN.18,24 The WHO classifies tumors that share some 

but not all of the typical immunophenotypic characteristics 

of BPDCN as “acute leukaemia of ambiguous lineage.”15 

Extranodal NK/T-cell, nasal-type lymphoma similarly are 

CD4+CD56+; however, unlike BPDCN, they are associated 

with EBV positivity (EBER positive).24–26 The expression of 

T-cell antigens helps rule out T-cell lymphoblastic leukemia/

lymphoma and primary cutaneous T-cell lymphoma as do 

clonal TCR gene rearrangements.24,27 Table 2 outlines the 

immunophenotypic differences between BPDCN and other 

hematologic neoplasms that may express CD4 and CD56 as 

well as differences in sites of involvement. 

Genetics
Cytogenetic abnormalities are found in up to two-thirds of 

patients with BPDCN and a complex karyotype is common.28 

Recurrent abnormalities can be found in 5q, 12p, 13q, 6q, 

15q, and 9, with 5q being the most common aberration, 

representing 72% of cases in one series.28 Using array-based 

comparative genomic hybridization, Lucioni et al found 

that genetic loss was more common than genetic gain muta-

tions, with common deletions involving 9p21.3 (CDKN2A/

CDKN2B), 13q13.1-q14.3 (RB1), 12p13.2-p13.1 (CDKN1B), 

13q11-q12 (LATS2), and 7p12.2 (IKZF1).29 Biallelic loss of 

9p21.3, which encodes the cyclin-dependent kinase inhibi-

tors CDKN2A/CDKN2B, was associated with poorer OS.29 

Wiesner et al similarly found common losses of cell cycle 

inhibitors including p16, encoded by CDKN2A, and loss of 

the RB1 gene on chromosome 13 in 43% of cases.30 

A number of techniques including gene expression profil-

ing, next-generation sequencing, and whole exome analysis 

have been used to study the mutational landscape of BPDCN.7 

These studies have found recurrent mutations in TET2 (in 

36% of cases), ASXL1, NRAS, NPM1, IKAROS, ZEB2, and 

TP53.31,32 The high frequency of TET2 mutations reinforces 

the myeloid origin of this malignancy. Using gene expres-

sion profiling, Dijkman et al found decreased expression of 

RB1 and LATS2 while expression of the oncogenes HES6, 

RUNX2, and FLT3 was found to be elevated.33 Among 33 

BPDCN cases, Stenzinger et al detected point mutations in 

NRAS (27.3%), ATM (21.2%), MET, KRAS, IDH2, KIT, APC, 

and RB1, as well as in VHL, BRAF, MLH1, TP53, and RET 

(3% each). NRAS, KRAS, and ATM mutations were found 

to be mutually exclusive, which may suggest that different 

subgroups of BPDCN exist.34 Ultimately, none of these 

chromosomal abnormalities or genetic aberrations have been 

found to be pathognomonic of BPDCN and like in AML, 

it is likely that multiple driver mutations are contributory. 

Treatment
There is currently no standard of care for BPDCN and due to 

the rarity of the disease, there is a lack of prospective data. 

Pediatric BPDCN
BPDCN is exceptionally rare in children and data on treat-

ment and outcomes are based primarily on case reports and 

Table 2 Comparison of BPDCN to other CD4/CD56 expressing hematologic neoplasms

BPDCN AML/LC/MS Extranodal NK/T-cell 
lymphoma, nasal type

Primary cutaneous T-cell 
lymphoma/T-cell lymphoblastic 
leukemia/lymphoma

Immunophenotype CD4+, CD56+, 
CD123+, 
BDCA-2/CD303+, 
TCL1+, CD2AP+, MPO−, 
lysozyme−, CD13−, CD117−, 
CD34−, CD33+/−, 
CD3−, CD5−, CD68+/−, 
CD7+/−, TdT+/−, TIA1−

CD4+/−, CD56+/−, 
CD123+/−, BDCA-2/
CD303−, TCL1−, 
MPO+/−, CD13+, 
lysozyme+, CD34+, 
CD117+, CD33+/−, 
TdT+/−, TIA1−

CD4+/−, CD56+, CD2+, 
sCD3−, cCD3+, granzyme 
B+, perforin+, CD5−, 
CD8−, TdT−, TIA1+

CD4+, CD56+/−, CD2+, CD3+, 
CD5+, granzyme B+/−, TIA1+/−

Areas of 
involvement

Skin, BM, LN, CNS BM, LN, skin, CNS Nasal cavity, nasopharynx, 
paranasal sinuses, palate, skin, 
soft tissue, GI tract, testis

Skin, LN, BM

Other features EBER−, TCR germline EBER−, TCR germline EBER+, TCR germline EBER+/−, TCR rearranged

Note: Bold entries indicate the significant differences in immunophenotype between the various neoplasms.
Abbreviations: AML, acute myeloid leukemia; BM, bone marrow; CNS, central nervous system; EBER, Epstein–Barr virus-encoded RNA; GI, gastrointestinal; LC, leukemia 
cutis; LN, lymph node; MS, myeloid sarcoma; TCR, T-cell receptor gene; BPDCN, blastic plasmacytoid dendritic cell neoplasm; NK, natural killer.
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series. The largest study of pediatric BPDCN was a case 

report and retrospective review of 33 patients.35 Various 

treatment approaches have been attempted including aggres-

sive acute lymphoblastic leukemia (ALL), non-Hodgkin’s 

lymphoma (NHL), and AML-type regimens with or without 

allogeneic hematopoietic stem cell transplantation (HSCT). 

ALL regimens have been the most commonly used. Pediatric 

patients who received ALL-type regimens or NHL regimens 

with or without transplant had better outcomes compared to 

those receiving AML-based regimens.36 

Pediatric patients tend to fare better than adult patients.36 

Additionally, children with BPDCN who lack cutaneous 

symptoms appear to have better survival.35 As children can 

tolerate intensive induction therapy better than adults, most 

series recommend multi-agent intensive chemotherapy 

following an ALL protocol. The use of HSCT is a source 

of controversy.  Some small series have described similar 

survival with and without consolidation HSCT for primary 

therapy such that there is currently no clear indication for 

HSCT in children who achieve complete remission (CR) 

with induction therapy.35,36 

Adult BPDCN
Treatment of BPDCN in adults has been similarly hetero-

geneous including ALL, AML, and aggressive NHL-like 

regimens with or without autologous or allogeneic HSCT. 

BPDCN is usually responsive to initial chemotherapy with 

high CR rates; however, remissions are short and salvage 

therapy responses are poor leading to short OS.9,17

Induction therapy
Historical therapies for BPDCN include those used for 

aggressive NHL such as cyclophosphamide, doxorubicin, 

vincristine, prednisone (CHOP) or CHOP-like regimens or 

more intensive therapies such as hyperfractionated cyclo-

phosphamide, vincristine, doxorubicin, and dexamethasone 

(hyper-CVAD) alternating with methotrexate and cytarabine 

or AML induction regimens (eg, mitoxantrone, idarubicin, 

cytarabine, and etoposide; cytarabine and an anthracycline 

[7+3]; fludarabine, cytarabine, granulocyte colony stimulat-

ing factor, and idarubicin), or other ALL regimens. Table 3 

summarizes the outcomes of the reported chemotherapy 

regimens for adult BPDCN. With the above regimens, CR 

rates range between 40% and 100%.17 In 2002, Feuillard et 

al reviewed 23 patients, most treated with CHOP-like che-

motherapy, and reported a CR rate of 86% but with short 

remission duration of 9 months and low OS (53% at 1 year 

and 25% at 2 years).9 CNS relapses were also common.

In 2003, Reimer et al published data on 93 patients 

compiled from publications on BPDCN and found that more 

aggressive approaches (acute leukemia protocols followed 

by HSCT) had superior sustained CR and OS compared to 

CHOP and CHOP-like regimens.37 The best outcomes were 

seen for those who underwent myeloablative HSCT in first 

CR with a median OS of 31.5 months.

In one of the largest retrospective multicenter studies, 

outcomes of treatment in 41 patients with BPDCN, of whom 

26 were treated with an AML-type regimen and 15 with ALL/

lymphoma-type, were 27% and 67%, respectively, for CR.14 

Relapse occurred in only 35% of patients achieving CR but 

the median OS was 8.7 months. Median OS, though still 

short, was higher for patients treated with ALL/lymphoma-

type chemotherapy at 12.3 months versus 7.1 months for 

AML-like therapy. Patients who received allogeneic HSCT 

Table 3 Outcomes of various induction regimens in blastic 
plasmacytoid dendritic cell neoplasm

Reference N Chemo 
regimen

CR 
(%)

Relapsea 
(%)

Median overall 
survival 
(months)

Feuillard 
et al9

5 ALL 80 50 12
6 AML 100 100 14.5
10 Lymphoma 80 75 11

Dalle et al39 5 ALL 80 nr 16
10 AML 40 nr 19
20 Lymphoma 50 nr 11.5

Tsagarakis 
et al40 

9 ALL 100 33.3 nr
6 AML 50 33.3 nr
4 Lymphoma 75 66.7 nr

Dietrich 
et al41 

3 ALL 100 66.7 23
2 AML 50 100 19
1 Lymphoma 100 100 6

Lucioni 
et al29 

9 ALL 78 29 12
4 Lymphoma 50 100 27.5

Hashikawa 
et al42 

2 ALL 100 nr NR
4 AML 25 nr 5.5
11 Lymphoma 73 nr 11

Pagano 
et al14

15 ALL/lymphoma 67 60 12.3
26 AML 27 0 7.1

An et al43 3 ALL 67 0 15.1
1 AML 0 NA
2 Lymphoma 50 0

Kim et al44 4 Hyper-CVAD 50 100 17
2 ALL-like 100 100

Martín-
Martín 
et al38

7 ALL 100 43 NR
9 AML 100 78 11
9 Lymphoma 78 100 10

Notes: Lymphoma (CHOP/CHOP-like). a% relapse out of those achieving a CR 
with induction. Some studies include patients who received HSCT in consolidation 
or in first relapse.
Abbreviations: nr, not reported; NR, not reached; CHOP, cyclophosphamide, 
doxorubicin, vincristine, prednisone; ALL, acute lymphoblastic leukemia; AML, 
acute myeloid leukemia; CVAD, cyclophosphamide, vincristine, doxorubicin, and 
dexamethasone; CR, complete remission; NA, not applicable; HSCT, hematopoietic 
stem cell transplantation.
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in first CR (6 patients) had better outcomes with a median 

OS of 22.7 months. 

The most recent report of 46 patients, 32 of whom 

received treatment with curative intent (including 4 children), 

confirmed an improved outcome with ALL-type regimens 

with CNS prophylaxis compared to CHOP or CHOP-like 

lymphoma protocols.38 

Thus, the current evidence suggests no clear gold standard 

therapy for BPDCN but favors intensive multi-agent chemo-

therapy with an ALL-type protocol.  Given the propensity 

for CNS relapse, CNS prophylaxis or CNS penetrating 

chemotherapy is recommended.  Unfortunately, the majority 

of BPDCN patients are elderly and not fit for such intensive 

therapy and the optimal therapy for such patients is unclear.  

Given short remissions with all reported induction therapies, 

consolidation with HSCT or maintenance therapies should 

be investigated.

HSCT
The evidence for autologous and allogeneic HSCT is also 

limited to case series and retrospective reviews. 

Autologous HSCT
The largest analyzed cohort of patients treated with 

autologous HSCT comes from a retrospective analysis of 

a Japanese transplant registry.45 In this study, 11 patients 

in first CR received an autologous HSCT. The OS and 

progression-free survival at 4 years were 82% and 73%, 

respectively. This study suggests that for patients achieving 

a CR, high-dose chemotherapy and autologous HSCT may 

be valuable. However, other smaller series have reported 

conflicting results with no clear advantage to the use of 

autologous HSCT.37,46 All of these reviews are confounded 

by varying induction and conditioning regimens and given 

the heterogeneity of results, the role of autologous HSCT 

in BPDCN remains uncertain. 

Allogeneic HSCT
The largest retrospective study of patients receiving alloge-

neic HSCT for BPDCN was conducted using the European 

Group for Blood and Marrow Transplantation registry and 

included 34 patients with a relatively young median age of 

41 years.47 The majority of these patients were induced with 

acute leukemia-type regimens. Fifty-six percent of patients 

were transplanted in first CR and 75% received myeloabla-

tive conditioning. Forty-seven percent of patients remained 

alive with a median survival of 28 months. However, 32% 

of patients had relapsed by 3 years and an additional 30% 

experienced non-relapse mortality. Three-year OS was 41%. 

Patients transplanted in first CR had significantly better 3-year 

OS at 52% compared to those transplanted beyond first CR. 

Several smaller series confirm the benefit of allogeneic HSCT 

and demonstrate improved outcomes for patient transplanted 

in first CR.37,45 

Dalle et al used the French Study Group on Cutaneous 

Lymphoma database to examine the outcomes of various 

BPDCN treatment approaches (9 out of 10 received alloge-

neic HSCT).39 They found a significant survival advantage 

for those who underwent transplant compared to any other 

treatment and 6 of the 10 patients remained alive at the end 

of the study with a mean survival of 31.3 months. Alloge-

neic HSCT in the elderly is limited. Dietrich et al reported 

outcomes of 4 older BPDCN patients with a median age of 

67 (range 55–80) who were treated with reduced intensity 

conditioning (RIC) HSCT.41 Two of the 4 patients remained in 

CR at the time of reporting while the other 2 patients relapsed 

and died (both had active disease at the time of transplant). 

This case series shows that RIC allogeneic HSCT may be 

successful in older BPDCN patients.

In summary, current studies suggest that treatment with 

high-dose chemotherapy followed by allogeneic HSCT in 

CR1 may result in improved OS for BPDCN. However, there 

is insufficient evidence to guide physicians in their choice 

of conditioning regimens and there is no clear evidence for 

the existence of a strong graft-versus-leukemia effect in this 

disease.

Relapsed and refractory disease
There is no established standard treatment for relapsed 

or refractory BPDCN. For patients who are fit for HSCT, 

salvage chemotherapy followed by allogeneic HSCT has 

been successful in some cases.47 For those who relapse after 

transplantation or are unfit for transplantation, there is little 

evidence to guide the choice of next therapy.

A single case report described a reasonable remission 

(1 year) and tolerability of oral etoposide in an older patient 

with relapsed BPDCN and another described partial disease 

control of cutaneous lesions with weekly infusions of prala-

trexate.48,49 A case series supporting the use of azacytidine has 

also been reported as has the use of repeat courses of donor 

lymphocyte infusions after allogeneic HSCT relapse.50,51

Novel therapies and future 
prospects
Given the poor prognosis associated with BPDCN and 

high relapse rates with conventional treatments including 
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CHOP/CHOP-like, AML, and ALL-type regimens, there 

has been interest in new approaches to therapy including 

targeted therapies. Examples include SL-401, UCART123, 

T-cell immunotherapy, and venetoclax. Though some of these 

agents show early promise, none are currently approved for 

use in BPDCN.  

Montero et al investigated the use of venetoclax, a BCL2 

inhibitor, in BPDCN based on high expression of BCL2 in 

BPDCN cells but not in normal pDCs.52 In vitro studies 

and a xenograft mouse model suggested efficacy leading 

to the off-label treatment of 2 patients with relapsed/refrac-

tory BPDCN who achieved rapid partial responses with no 

significant toxicity.

After gene expression profiling demonstrated aberrantly 

activated NF-kB in BPDCN cells, another group investigated 

the use of bortezomib in in vitro studies showing that the 

BPDCN cell line CAL-1 is sensitive to bortezomib result-

ing in inhibition of cellular proliferation and induction of 

cell death.32

The α subunit of the human interleukin-3 receptor (IL-

3R), CD123, is ubiquitously and highly expressed by BPDCN 

making it another potential target for therapeutic interven-

tion.53 One of the more promising novel targeted therapies 

for BPDCN is SL-401, an IL-3R-targeted drug.54 SL-401 

exhibited high levels of cytotoxicity to CD123+ BPDCN 

cells, resulting in a 75% reduction in the viability of previ-

ously untreated BPDCN cells at 18 hours.55 In a mouse model, 

treatment with SL-401 significantly improved the survival 

of mice inoculated with a BPDCN cell line compared to 

untreated controls. These early data paved the way for the 

first prospective therapeutic study in BPDCN. The Phase I/

expanded Phase II study of SL-401 for BPDCN included 11 

patients with relapsed/refractory (7 patients) or previously 

untreated (4 patients) BPDCN.56 These patients received 

SL-401 at a dose of 12.5 μg/kg intravenously daily for up 

to 5 days. Seventy-eight percent of the patients achieved a 

CR or partial remission with a median duration of response 

of 5 months. These encouraging early-phase data have led 

to a larger open-label, non-randomized, multicenter trial 

(NCT02113982).

Finally, T-cell immunotherapy using chimeric antigen 

receptor T-cells has been investigated in a preclinical study 

targeting CD123 (UCART123).57  The study found a specific 

cytotoxic effect on BPDCN cells as well as prolonged sur-

vival in mouse xenograft models of BPDCN. UCART123 

is being further evaluated for safety and clinical activity in 

patients with relapsed or refractory BPDCN in a Phase I 

clinical trial (NCT03203369). Another group is currently 

investigating genetically modified T-cell immunotherapy in 

persistent/recurrent BPDCN as well as relapsed/refractory 

AML in a Phase I trial (NCT02159495).

Conclusion
BPDCN is a rare and aggressive hematologic malignancy 

with a poor prognosis and no standard treatment. It is derived 

from pDCs and classified as a myeloid neoplasm. BPDCN 

typically expresses both CD4 and CD56 as well as one or 

more markers specific to pDCs including CD123, BDCA-2 

(also known as CD303), TCL1, and CD2AP. The diagnosis 

can be challenging based on its varying presentations and 

clinically diverse array of cutaneous lesions. Prompt and 

accurate diagnosis requires appropriate clinical suspicion 

and review by an experienced hematopathologist using 

extensive immunophenotyping. Despite good understanding 

of the origin and lineage of this malignancy, the underlying 

pathobiology remains unknown and the prognosis is poor 

with a median OS of ~1 year. 

There remains no standard first-line treatment and 

although the disease typically responds well to AML, ALL, 

and CHOP or CHOP-like chemotherapy with high CR rates, 

relapses are frequent and remissions are short. In the absence 

of prospective trials, treatment decisions are currently based 

only on case series and multicenter retrospective reviews. 

From these limited data, the most accepted therapy is inten-

sive ALL-like induction therapy followed by allogeneic 

HSCT in first CR for those who are transplant eligible. The 

exception to this is pediatric patients, who tend to have better 

outcomes and for whom transplant is not typically recom-

mended until the relapsed setting. Due to relatively high 

rates of CNS involvement or relapse, induction regimens 

that incorporate CNS prophylaxis or achieve CNS penetra-

tion are recommended. Despite these recommendations, 

the majority of patients with BPDCN are not eligible for 

allogenic HSCT or intensive multi-agent chemotherapy due 

to age and/or comorbidities and the best therapy for these 

patients remains unclear.  Although no single driver mutation 

has been identified in BPDCN, gene expression profiles have 

identified a number of potential therapeutic targets. One of 

the most promising targeted therapies is SL-401, a conjugate 

of recombinant human IL-3 and a diphtheria toxin, which 

has shown encouraging results in early-phase studies and 

is the subject of further prospective evaluation. Prospective 

trials are needed to determine optimal therapy for this rare 

and aggressive neoplasm.
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