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Introduction
Blastic plasmacytoid dendritic cell neoplasm 
(BPDCN) is a historically rare, but clinically 
aggressive hematologic malignancy that most 
commonly manifests with cutaneous lesions with 
or without bone marrow involvement and often, 
lymph node involvement.1 BPDCN is usually 
associated with transformation to acute leuke-
mia and poor outcomes.2 One of the earliest 
modern descriptions of BPDCN was in 1995, 
with the name ‘acute agranular CD4-positive 
natural killer cell leukemia’ but the name for this 
disease has changed numerous times, adding to 
difficulty in identifying BPDCN over time.3 As 
per the World Health Organization (WHO) 
2008 guidelines, it was originally classified as a 
member of the acute myeloid leukemia (AML)/
related family neoplasms;4 however, greater 
understanding of the disease biology following 
the discovery that BPDCN may originate from 
type 2 dendritic cells (plasmacytoid), classifica-
tion under WHO 2016 guidelines allowed 

BPDCN to be named in its own category among 
myeloid malignancies.1

The exact incidence of BPDCN is unknown but 
may represent 0.5% of all hematologic malignan-
cies.5 It has been described in both sexes and all age 
groups but is most common in male adults over 
70 years old.6–8 BPDCN can occur as a primary 
malignancy or in the context of other hematologic 
neoplasms. Approximately 10–20% of patients 
have a previous or concomitant history of hemato-
logical malignancies including myelodysplastic syn-
drome, chronic myelomonocytic leukemia and 
known high transformation rates to AML.5–7 
Clinically, BPDCN most commonly affects the 
skin, followed by the bone marrow and lymph 
nodes, with other extramedullary sites also fre-
quently involved. While there is no dominant 
cytogenetic lesion characterizing the disease, the 
most commonly observed mutations include TET2, 
ASXL1, RAS and TP53; the classic triad of tumor 
markers that helps identify the disease includes 

Recent developments in the treatment of 
blastic plasmacytoid dendritic cell neoplasm
Minas P. Economides , Marina Konopleva and Naveen Pemmaraju

Abstract: Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is a clinically aggressive 
hematologic malignancy derived from precursors of dendritic cells and involves most 
frequently the skin, bone marrow and lymph nodes. Diagnosis depends upon identification 
of specific tumor markers including CD4, CD56 and CD123. Historically, the median survival 
has been less than 2 years in most reported series. While for many years, conventional 
chemotherapy followed by stem cell transplantation was the standard of care, recently 
tagraxofusp, a cytotoxin directed against CD123, received United States Food and Drug 
Administration approval specifically for patients with BPDCN. In this review, we will discuss 
the markers used for diagnosis of BPDCN and focus on the new targeted treatments available. 
Specifically in BPDCN, tagraxofusp was highly effective with a safety profile found to be 
acceptable overall, with the noted occurrence of capillary leak syndrome. Future directions 
in therapy approaches for patients with BPDCN will include the development of other CD123-
targeted agents, agents targeting beyond CD123 and investigation of rational combination 
approaches of CD123-directed therapy with other therapies.

Keywords: BPDCN, CAR T-cells, stem cell transplantation, tagraxofusp, venetoclax

Received: 24 June 2019; revised manuscript accepted: 12 August 2019.

Correspondence to: 
Naveen Pemmaraju  
Department of Leukemia, 
The University of Texas MD 
Anderson Cancer Center, 
1515 Holcombe Boulevard, 
Houston, TX 77030, USA 
npemmaraju@
mdanderson.org

Minas P. Economides  
Department of Internal 
Medicine, The University 
of Texas School of Health 
Sciences at Houston, 
Houston, TX, USA

Marina Konopleva 
Naveen Pemmaraju  
Department of Leukemia, 
The University of Texas MD 
Anderson Cancer Center, 
Houston, TX, USA

874733 TAH0010.1177/2040620719874733Therapeutic Advances in HematologyMP Economides, M Konopleva
review-article20192019

Review

https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tah
mailto:npemmaraju@mdanderson.org
mailto:npemmaraju@mdanderson.org


Therapeutic Advances in Hematology 10

2 journals.sagepub.com/home/tah

CD4, CD56 and CD123. The overexpression of 
CD123 or interleukin-3 receptor subunit alpha 
(IL3RA) occurs in essentially all cases of BPDCN.9–11 
In addition, specific plasmacytoid dendritic cell-
associated antigens (CD303, TCF4, TCL1 and 
CD2AP) and transcriptions factors (TCF4) can 
help establish the diagnosis and exclude diseases 
that present similarly to BPDCN.12–16 Specifically, 
exclusion of other lineage-specific antigens, such as 
AML markers (MPO, CD13, CD64), B-cell acute 
lymphocytic leukemia (ALL) markers (B-CD19, 
B-CD20, B-CD79a) and T-cell ALL markers 
(TcytCD3), is important for the diagnosis of 
BPDCN. Due to the overlapping features of these 
diseases and the heterogeneity in clinical presenta-
tion, diagnosis still remains very challenging. In 
conclusion, a confident diagnosis can be made 
when four antigens among CD4, CD56, CD123, 
TCL1, CD303 and TCF4 are present, and other 
lineage-specific antigens are absent.7,13,16,17

Although an initial response to chemotherapy is 
common, BPDCN continues to have very poor 
prognosis with most patients relapsing into drug-
resistant malignancy with poor overall survival 
(OS).5,18–20 Therefore, new targeted agents have 
been developed recently with early encouraging 
results.21 In this paper, we will review the pathobi-
ology of BPDCN, the current treatment and will 
focus on the current targeted therapies under 
investigation.

Genetics of BPDCN
Several genomic studies over recent years have 
begun to investigate the molecular basis of 
BPDCN.2,17,22–27 Most of these studies document 
that patients with BPDCN often have a complex 
karyotype, including frequent chromosomal 
losses (5q, 12p13, 13q21, 6q23-ter, 9), inactivation 
of tumor suppressors (RB1, TP53, CDKN1B, 
CDKN2A), activation of oncogenes (KRAS, 
NRAS, HES6, RUNX2, FLT3), mutations in epi-
genetic regulators (TET2, TET1, DNMT3A, 
IDH1, IDH2) and aberrant activation of the 
nuclear factor (NF)-κB pathway (BCL2 and 
IRF4). Bi-allelic loss of 9p21.3 has been, in some 
studies, associated with poor prognosis.28

Current treatment
BPDCN has historically been a difficult disease to 
treat. We describe some of the current options in 

clinical development and focus on the recently 
approved agent tagraxofusp.

Conventional cancer treatment
Surgical excision and radiation. In patients who 
present solely with skin manifestations, surgical 
excision and focal radiation has been studied pre-
viously.29–31 Although these approaches are ini-
tially effective with often near-complete resolution 
of cutaneous lesions, systemic recurrence is com-
mon and this localized approach for treating 
patients, now recognized as a systemic malig-
nancy, appears to be suboptimal, limited and 
mainly for palliative purposes.30,32

Chemotherapy. In the absence of approved thera-
pies and no consensus approach to treating 
patients, regimens used for other acute leukemias 
have long been used in the treatment of patients 
with BPDCN. In one of the largest retrospective 
case series, 43 patients with BPDCN received an 
acute leukemia-type regimen, including 26 cases 
(60%) of AML-type treatment and 15 cases 
(35%) with ALL-type treatment.5 The median 
OS was 8.7 months with estimated survival rates 
of 28% and 7% at 12 and 24 months respectively. 
Complete remission (CR) was achieved in 17 
(41%) patients (7 after AML and 10 after an 
ALL-type regimen). Of the patients who achieved 
CR, 6 (35%) patients eventually relapsed at a 
median time of 9.1 months after diagnosis.5 The 
clinical benefit of using an ALL-type regimen in 
terms of response duration has also been shown 
in a cohort of 22 patients with BPDCN from 
Greece.33 In addition, a CR rate of 90% has been 
reported from our group in 10 patients with 
BPDCN treated with HCVAD (hyper-fraction-
ated cyclophosphamide, vincristine, adriamycin, 
dexamethasone/methotrexate and cytarabine) 
with a median duration of response of 19 months 
and a median OS of 29 months.34 In a systematic 
review evaluating ALL-based regimens in 
BPDCN, the overall response rate was as high as 
90%, but the durability of response was short. 
Median survival rates ranged between 12 and 
16 months.35

There is an active phase II clinical trial evaluating 
combination chemotherapy that consists of metho-
trexate, L-asparaginase, idarubicin and dexameth-
asone in patients with newly diagnosed BPDCN 
being conducted in France (ClinicalTrials.gov 
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identifier: NCT03599960). The primary outcome 
of this trial will assess the percentage of patients 
who achieve CR after three cycles of therapy. 
A sample of the active clinical trials evaluating dif-
ferent treatment options for BPDCN are depicted 
in Table 1.

In everyday practice, the treatment algorithm in 
most cases includes one of the following thera-
peutic strategies.

HCVAD. HCVAD is the most commonly used 
treatment regimen in patients with BPDCN. 
From our own experience, when used in 
the frontline setting, more than 80% overall 
response rate was observed.36 Specifically, in the 
23 patients that received HCVAD, median OS 
was 24.3 months and the first complete remis-
sion (CR1) rate was 83%. In the overall cohort 
(n = 58), the CR1 rate was 62% and median OS 
was 22.8 months.36

HCVAD plus venetoclax. The B-cell lym-
phoma-2 (BCL-2) protein inhibitor, venetoclax, 
has been heavily studied in various types of leu-
kemia and of particular interest is the finding 
that BPDCN is dependent on BCL-2 and sen-
sitive to venetoclax.37,38 Based on these results, 
a phase I clinical trial is currently underway in 
our institution to study the use of venetoclax in 
patients with BPDCN (ClinicalTrials.gov iden-
tifier: NCT03485547). From our experience, in 
relapsed/refractory cases with BPDCN, the off-
label combination of HCVAD plus venetoclax has 

shown promising results thus far; all of the first 
three patients treated with this combination in 
our institution, achieved CR with no major side 
effects noted.39

Hypomethylating agents. For patients that are 
older and not fit for intensive chemotherapy regi-
mens, similar to other myeloid malignancies, a 
hypomethylator agent-based strategy is preferred. 
There have been several case reports of azaciti-
dine and decitabine in patients with BPDCN that 
show good tolerability but moderate efficacy espe-
cially when used as monotherapy.40–42 However, 
combinations of hypomethylating agents with 
venetoclax in patients with relapsed–refractory 
myeloid leukemias, including BPDCN, were a 
viable salvage treatment option with an objective 
response in 21% (n = 9) of patients after a median 
of two treatment cycles.43

Central nervous system prophylaxis. Given the 
high prevalence of central nervous system 
(CNS) involvement with BPDCN, both at pre-
sentation but most frequently after disease 
recurrence, intrathecal chemotherapy may be of 
great importance in patients treated with con-
ventional chemotherapy.5,6,44,45 CNS relapse is 
frequent in patients with BPDCN and in three 
of six patients with relapse, no intrathecal pro-
phylaxis was administered in a report by Pagano 
and colleagues.5 CNS prophylaxis with intrathe-
cal infusion of cytarabine should be routinely 
incorporated in the induction treatment when 
conventional chemotherapy regimens are being 

Table 1. Current clinical trials for the treatment of BPDCN.

Agent Mechanism of 
action

Eligible patients Phase NCT Primary outcome

IDA/DEX/L-ASP/MTX Multiple Newly diagnosed BPDCN II NCT03599960 CR after three cycles

Tagraxofusp CD123i AML, BPDCN II NCT02113982 Safety, efficacy

IMGN632 ADC R/R AML, ALL, BPDCN I NCT03386513 MTD

XmAb14045 MAb CD-123 expressing heme 
malignancies

I NCT02730312 Safety

Venetoclax BCL-2i BPDCN I NCT03485547 Dose-limiting toxicity

UCART123 CAR T BPDCN I NCT03203369 Safety

ADC, antibody–drug conjugate; BCL-2i, B-cell lymphoma 2 inhibitor; BPDCN, blastic plasmacytoid dendritic cell neoplasm; CAR T, chimeric 
antigen receptor T-cells; CR, complete remission; DEX, dexamethasone; IDA, idarubicin; L-ASP, L-asparaginase; MAb, monoclonal antibody; MTD, 
maximum tolerated dose; MTX, methotrexate; R/R, relapsed–refractory.
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used. One major emerging question in the field 
will be investigating the need for, and timing of, 
CNS prophylaxis during the course of patients 
with BPDCN treated with novel and targeted 
therapies.

Stem cell transplantation. Stem cell transplanta-
tion (SCT) with myeloablative or reduced inten-
sity conditioning regimens, has been associated 
with improved survival in younger and select older 
patients, especially if the procedure is performed 
after the first CR.19,20 The clinical course and 
response to treatment varies significantly between 
children and adults.6,30 BPDCN in some pediatric 
patients appears to benefit from treatment as 
high-risk ALL and frequently achieves a second 
CR after allogeneic SCT for relapsed disease.46 In 
older patients who present with more aggressive 
disease, an OS benefit with allogeneic SCT is 
noted only after the first CR, and the median OS 
in these studies ranges from 19 to 28 months.5,20,47 
The major clinical problem is that the median age 
of diagnosis in adults is between 68 and 72 years, 
an age that usually precludes them from getting an 
intensive myeloablative conditioning regimen and 
thus undergoing SCT.

The role of autologous SCT in BPDCN is con-
troversial. Few case series are available, with the 
larger one of them showing that of 11 patients 
undergoing autologous SCT after the first CR, 
the 4-year OS was 82% and 4-year PFS was 73%, 
regardless of the type of induction regimen used.19 
Given the paucity of literature, the identification 
of the subset of patients that will benefit the most 
from autologous SCT is tough to elicit. It appears, 
however, that patients with active and refractory 
disease are not likely to achieve sustained 
remission.19,29

Targeted agents
Targeted therapy has emerged in the field of 
oncology over the recent years. Several agents 
have been developed recently and have been tried 
in BPDCN. Tagraxofusp was the first drug to be 
specifically approved for the treatment of 
BPDCN.48

Anti-CD123. Tagraxofusp (formerly known as 
DT-IL3 and later known as SL-401) is a CD123-
directed cytotoxin that consists of recombinant 
human interleukin-3 fused to truncated diph-
theria alpha-toxin, a potent inhibitor of protein 

synthesis.49–51 The rationale behind the develop-
ment of this drug was that BPDCN, as noted pre-
viously, is characterized virtually in all cases by 
overexpression of CD123 (or IL3RA).9–11 Tagraxo-
fusp has shown antitumor activity in both in vivo 
and in vitro models at low concentrations specifi-
cally for BPDCN.52 In a pilot study conducted by 
Frankel and colleagues, seven of nine evaluable 
patients (78%) demonstrated major responses, 
with adverse events including hypotension, 
edema, fevers and chills, being easily manageable 
and fully reversible.50 Based on these results, a 
phase I/II study of the same agent, finally known 
now as tagraxofusp, was initiated.21 In this open-
label multicenter prospective cohort of 29 patients 
with untreated BPDCN, tagraxofusp led to a 
combined CR and clinical CR in 21 (72%) 
patients.21 Survival rates at 18 and 24 months 
were 59% and 52% respectively. Notably, 13 of 
the 29 previously untreated patients (45%) were 
successfully bridged to SCT after the first CR (10 
underwent allogeneic SCT and 3 underwent 
autologous SCT). In the same study, among 15 
patients with BPDCN that were previously 
treated, tagraxofusp led to 67% response rate 
with a median OS of 8.5 months. Serious adverse 
events included capillary leak syndrome (CLS) 
which led to two deaths in the study. Common 
side effects included elevated levels of alanine 
aminotransferase (64%), aspartate aminotrans-
ferase (60%) and hypoalbuminemia (55%). On 
the basis of this study, tagraxofusp was recently 
approved by the United States Food and Drug 
Administration for BPDCN in adults and in chil-
dren 2 years of age or older.48 Tagraxofusp is being 
administered intravenously at 12 µg/kg once daily 
once daily on days 1–5 of a 21-day cycle. Treat-
ment is continued until disease progression or 
unacceptable toxicity occurs.53

CLS is a serious complication that has been 
observed with administration of tagraxofusp.21,50 
It was observed in 8 (18%) of 44 patients who 
received high-dose tagraxofusp (12 μg/kg).21 CLS 
is mostly seen during cycle 1 and is manageable 
with close monitoring and pre-emptive measures 
(intravenous albumin and antihistamine adminis-
tration). Similar targeted agents have been found 
to cause severe CLS. CLS is a black box warning 
for denileukin diftitox, an engineered protein that 
combines interleukin-2 and diphtheria toxin.54 
Additionally, moxetumomab pasudotox-tdfk is a 
CD22-directed cytotoxin combined with frag-
ment of Pseudomonas exotoxin A that is approved 
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for relapsed–refractory hairy cell leukemia and is 
also highly associated with CLS.55,56

IMGN632 is a humanized antibody–drug conju-
gate that consists of a humanized anti-CD123 
receptor alpha immunoglobulin (Ig)G1 monoclo-
nal antibody conjugated via a cleavable linker, to 
a cytotoxic, DNA-alkylating payload, with poten-
tial antineoplastic activity. It has been shown to 
be highly active and prolong survival in AML 
xenograft models.57 IMGN632 is currently being 
studied in patients with relapsed–refractory AML, 
BPDCN, ALL and other CD123-positive malig-
nancies in a phase I trial (ClinicalTrials.gov iden-
tifier: NCT03386513).

Finally, XmAb14045 is an anti-CD123/anti-CD3 
bispecific monoclonal antibody, in which most of 
the naturally occurring Fc domain is maintained 
with potential immunostimulatory and antineo-
plastic activities. There is an active phase I clini-
cal trial evaluating the safety and tolerability of 
XmAb14045 in patients with CD123-expressing 
hematologic malignancies (ClinicalTrials.gov 
identifier: NCT02730312).

BCL-2 protein inhibition. It was recently discov-
ered that BPDCN cells are dependent on the 
antiapoptotic protein BCL-2.37 In addition, clini-
cal case reports have shown that the BCL-2 inhib-
itor, venetoclax, leads to great responses in 
selected patients.37,58 As shown above, venetoclax 
in addition to HCVAD had a 100% CR rate in 
the first three patients treated with that regimen 
with an excellent safety profile.39 The trial investi-
gating the role of venetoclax in BPDCN is ongo-
ing (ClinicalTrials.gov identifier: NCT03485547). 
Finally, venetoclax in combination with low-
intensity chemotherapy, including hypomethylat-
ing agents and low-dose cytarabine, has been put 
forward as another approach to be investigated in 
the treatment options, even in patients with 
BPDCN.43

Chimeric antigen receptor T-cell therapy. UCART 
123 cells represent genetically modified alloge-
neic T-cells that contain an anti-CD123 chimeric 
antigen receptor and a RQR8 depletion ligand 
that confers susceptibility to rituximab. 
UCART123 has been reported to have in vitro 
cytotoxic activity and to cause BPDCN-specific 
killing with T-cell degranulation and robust pro-
duction of interferon-gamma.59 There is a phase I 

study that was launched evaluating the clinical 
safety of UCART123 in patients with BPDCN 
(ClinicalTrials.gov identifier: NCT03203369) 
and in AML (ClinicalTrials.gov identifier: 
NCT03190278).

Future directions
BPDCN is a rare disease arising from precursors 
of dendritic cells with very poor prognosis histori-
cally. Accurate diagnosis is often challenging and 
requires a multidisciplinary approach with oncol-
ogists and histopathologists. Diagnosis is often 
based on specific clinical characteristics, along 
with the identification by immunohistochemistry 
of tumor marker characteristic for BPDCN. Due 
to the rarity of the disease, and its rather indolent 
presentation, a high index of suspicion is required. 
Until recently, conventional chemotherapy using 
ALL-type regimens followed by SCT after first 
remission was the usual management of patients 
with BPDCN. With the approval of tagraxofusp, 
the first-in-class CD123-directed cytotoxin, new 
options have come forward for treatment options. 
When studied prospectively in patients who were 
both treatment-naïve and patients with previous 
treatment, tagraxofusp was shown to have high 
efficacy with high CR rates in all settings.21 Major 
side effects included CLS with frequent observa-
tion of elevation of liver function enzymes.

Other agents that have been used in other types of 
leukemias over the past decade, including the 
BCL-2 inhibitor, venetoclax, have shown promis-
ing results when studied alone in BPDCN. Future 
combinations of BCL-2 and CD123-targeted 
therapy may be a pathway to be put forward for 
investigation in patients with BPDCN.

In everyday practice, for a patient that presents to 
our clinic with suspicion of BPDCN, we would 
first elicit a detailed history regarding prior chem-
otherapy/radiation exposure. We proceed with 
bone marrow aspiration and biopsy, including 
immunohistochemistry and flow cytometry stud-
ies. If a diagnosis of BPDCN is confirmed, we 
evaluate treatment options based on clinical pres-
entation, patient performance status, presence of 
comorbidities and consideration of baseline 
chemistries (importantly, albumin, creatinine and 
liver function tests) and begin to decide between 
frontline treatment with tagraxofusp, and if we 
cannot qualify then we consider clinical trials, 
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conventional chemotherapy, venetoclax-based 
therapies or other options. Patients are referred to 
our SCT team to evaluate whether they are can-
didates for transplant. Further treatment depends 
on the patient’s performance status and SCT 
candidacy. For patients that are SCT candidates 
and have suitable donors, we proceed with alloge-
neic SCT after CR1 is achieved. If CR1 is not 
achieved, we proceed with clinical trial options. 
For patients who are not SCT candidates, after 
frontline treatment with tagraxofusp we aim to 
enroll patients on select clinical trials on a case-
by-case basis.

Funding
The author(s) disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: This research is 
supported in part by the MD Anderson Cancer 
Center support grant, P30 CA016672.

Conflict of interest statement
ME declares no conflict.

MK declares the following consulting/honorar-
ium: AbbVie, Genentech, F. Hoffman La-Roche, 
Stemline Therapeutics, Amgen, Forty-Seven.

Research funding/clinical trials support: AbbVie, 
Genentech, F. Hoffman La-Roche, Eli Lilly, 
Cellectis, Calithera, Ablynx, Stemline Thera-
peutics, Agios, Ascentage.

Stock options/Royalties: Reata Pharmaceutical.

NP declares the following consulting/honorar-
ium: Celgene; Stemline; Incyte; Novartis; 
MustangBio; Roche Diagnostics, LFB.

Research funding/clinical trials support: Stemline; 
Novartis; Abbvie; Samus; Cellectis; Plexxikon; 
Daiichi-Sankyo; Affymetrix, SagerStrong 
Found ation.

ORCID iD
Minas P. Economides  https://orcid.org/0000- 
0003-4625-421X

References
 1. Arber DA, Orazi A, Hasserjian R, et al. The 

2016 revision to the world health organization 
classification of myeloid neoplasms and acute 
leukemia. Blood 2016; 127: 2391–2405.

 2. Lucioni M, Novara F, Fiandrino G, et al. 
Twenty-one cases of blastic plasmacytoid 
dendritic cell neoplasm: focus on biallelic locus 
9p21.3 deletion. Blood 2011; 118: 4591–4594.

 3. Brody JP, Allen S, Schulman P, et al. Acute 
agranular CD4-positive natural killer cell 
leukemia. Comprehensive clinicopathologic 
studies including virologic and in vitro  
culture with inducing agents. Cancer 1995; 75: 
2474–2483.

 4. Vardiman JW, Thiele J, Arber DA, et al. The 
2008 revision of the world health organization 
(WHO) classification of myeloid neoplasms and 
acute leukemia: rationale and important changes. 
Blood 2009; 114: 937–951.

 5. Pagano L, Valentini CG, Pulsoni A, et al. Blastic 
plasmacytoid dendritic cell neoplasm with 
leukemic presentation: an Italian multicenter 
study. Haematologica 2013; 98: 239–246.

 6. Feuillard J, Jacob MC, Valensi F, et al. 
Clinical and biologic features of CD4+CD56+ 
malignancies. Blood 2002; 99: 1556–1563.

 7. Julia F, Petrella T, Beylot-Barry M, et al. Blastic 
plasmacytoid dendritic cell neoplasm: clinical 
features in 90 patients. Br J Dermatol 2013; 169: 
579–586.

 8. Petrella T, Bagot M, Willemze R, et al. Blastic 
NK-cell lymphomas (agranular CD4+CD56+ 
hematodermic neoplasms): a review. Am J Clin 
Pathol 2005; 123: 662–675.

 9. Jordan CT, Upchurch D, Szilvassy SJ, et al. The 
interleukin-3 receptor alpha chain is a unique 
marker for human acute myelogenous leukemia 
stem cells. Leukemia 2000; 14: 1777–1784.

 10. Han L, Qiu P, Zeng Z, et al. Single-cell 
mass cytometry reveals intracellular survival/
proliferative signaling in FLT3-ITD-mutated 
AML stem/progenitor cells. Cytometry A 2015; 
87: 346–356.

 11. Testa U, Pelosi E and Frankel A. CD 123 is a 
membrane biomarker and a therapeutic target 
in hematologic malignancies. Biomark Res 2014; 
2: 4.

 12. Petrella T, Meijer CJ, Dalac S, et al. TCL1 
and CLA expression in agranular CD4/CD56 
hematodermic neoplasms (blastic NK-cell 
lymphomas) and leukemia cutis. Am J Clin Pathol 
2004; 122: 307–313.

 13. Facchetti F, Pileri SA, Agostinelli C, et al. 
Cytoplasmic nucleophosmin is not detected in 
blastic plasmacytoid dendritic cell neoplasm. 
Haematologica 2009; 94: 285–288.

https://journals.sagepub.com/home/tah
https://orcid.org/0000-0003-4625-421X
https://orcid.org/0000-0003-4625-421X


MP Economides, M Konopleva et al.

journals.sagepub.com/home/tah 7

 14. Marafioti T, Paterson JC, Ballabio E, et al. 
Novel markers of normal and neoplastic human 
plasmacytoid dendritic cells. Blood 2008; 111: 
3778–3792.

 15. Montes-Moreno S, Ramos–Medina R, 
Martinez-Lopez A, et al. SPIB, a novel 
immunohistochemical marker for human 
blastic plasmacytoid dendritic cell neoplasms: 
characterization of its expression in major 
hematolymphoid neoplasms. Blood 2013; 121: 
643–647.

 16. Ceribelli M, Hou ZE, Kelly PN, et al. A 
Druggable TCF4- and BRD4-dependent 
transcriptional network sustains malignancy in 
blastic plasmacytoid dendritic cell neoplasm. 
Cancer Cell 2016; 30: 764–778.

 17. Alayed K, Patel KP, Konoplev S, et al. TET2 
mutations, myelodysplastic features, and a 
distinct immunoprofile characterize blastic 
plasmacytoid dendritic cell neoplasm in the bone 
marrow. Am J Hematol 2013; 88: 1055–1061.

 18. Martin-Martin L, Lopez A, Vidriales B, 
et al. Classification and clinical behavior of 
blastic plasmacytoid dendritic cell neoplasms 
according to their maturation-associated 
immunophenotypic profile. Oncotarget 2015; 6: 
19204–19216.

 19. Aoki T, Suzuki R, Kuwatsuka Y, et al. Long-
term survival following autologous and allogeneic 
stem cell transplantation for blastic plasmacytoid 
dendritic cell neoplasm. Blood 2015; 125: 
3559–3562.

 20. Dietrich S, Andrulis M, Hegenbart U, et al. 
Blastic plasmacytoid dendritic cell neoplasia 
(BPDC) in elderly patients: results of a 
treatment algorithm employing allogeneic stem 
cell transplantation with moderately reduced 
conditioning intensity. Biol Blood Marrow 
Transplant 2011; 17: 1250–1254.

 21. Pemmaraju N, Lane AA, Sweet KL, et al. 
Tagraxofusp in blastic plasmacytoid dendritic-cell 
neoplasm. N Engl J Med 2019; 380: 1628–1637.

 22. Dijkman R, van Doorn R, Szuhai K, et al. 
Gene-expression profiling and array-based CGH 
classify CD4+CD56+ hematodermic neoplasm 
and cutaneous myelomonocytic leukemia 
as distinct disease entities. Blood 2007; 109: 
1720–1727.

 23. Jardin F, Callanan M, Penther D, et al. Recurrent 
genomic aberrations combined with deletions 
of various tumour suppressor genes may 
deregulate the G1/S transition in CD4+CD56+ 
haematodermic neoplasms and contribute to the 

aggressiveness of the disease. Leukemia 2009; 23: 
698–707.

 24. Jardin F, Ruminy P, Parmentier F, et al. TET2 
and TP53 mutations are frequently observed in 
blastic plasmacytoid dendritic cell neoplasm. Br J 
Haematol 2011; 153: 413–416.

 25. Menezes J, Acquadro F, Wiseman M, et al. 
Exome sequencing reveals novel and recurrent 
mutations with clinical impact in blastic 
plasmacytoid dendritic cell neoplasm. Leukemia 
2014; 28: 823–829.

 26. Sapienza MR, Fuligni F, Agostinelli C, et al. 
Molecular profiling of blastic plasmacytoid 
dendritic cell neoplasm reveals a unique pattern 
and suggests selective sensitivity to NF-kB 
pathway inhibition. Leukemia 2014; 28:  
1606–1616.

 27. Stenzinger A, Endris V, Pfarr N, et al. Targeted 
ultra-deep sequencing reveals recurrent and 
mutually exclusive mutations of cancer genes 
in blastic plasmacytoid dendritic cell neoplasm. 
Oncotarget 2014; 5: 6404–6413.

 28. Leroux D, Mugneret F, Callanan M, et al. 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. Blood 
2002; 99: 4154–4159.

 29. Reimer P, Rudiger T, Kraemer D, et al. What 
is CD4+CD56+ malignancy and how should 
it be treated? Bone Marrow Transplant 2003; 32: 
637–646.

 30. Dalle S, Beylot-Barry M, Bagot M, et al. 
Blastic plasmacytoid dendritic cell neoplasm: 
is transplantation the treatment of choice? Br J 
Dermatol 2010; 162: 74–79.

 31. Pileri A, Delfino C, Grandi V, et al. Blastic 
plasmacytoid dendritic cell neoplasm (BPDCN): 
the cutaneous sanctuary. G Ital Dermatol Venereol 
2012; 147: 603–608.

 32. Suzuki R, Nakamura S, Suzumiya J, et al. Blastic 
natural killer cell lymphoma/leukemia (CD56-
positive blastic tumor): prognostication and 
categorization according to anatomic sites of 
involvement. Cancer 2005; 104: 1022–1031.

 33. Tsagarakis NJ, Kentrou NA, Papadimitriou 
KA, et al. Acute lymphoplasmacytoid dendritic 
cell (DC2) leukemia: results from the hellenic 
dendritic cell leukemia study group. Leuk Res 
2010; 34: 438–446.

 34. Pemmaraju NTD, Kantarjian H, O’Brien SM, 
et al. Analysis of outcomes of patients (pts) with 

https://journals.sagepub.com/home/tah


Therapeutic Advances in Hematology 10

8 journals.sagepub.com/home/tah

blastic plasmacytoid dendritic cell neoplasm 
(BPDCN). J Clin Oncol 2012: 6578.

 35. Riaz W, Zhang L, Horna P, et al. Blastic 
plasmacytoid dendritic cell neoplasm: update on 
molecular biology, diagnosis, and therapy. Cancer 
Control 2014; 21: 279–289.

 36. Pemmaraju NK, Kantarjian HM, Khoury JD, 
et al. Long-term outcomes in patients with blastic 
plasmacytoid dendritic cell neoplasm (BPDCN). 
Blood 2017: abstract 3855.

 37. Montero J, Stephansky J, Cai T, et al. Blastic 
plasmacytoid dendritic cell neoplasm is 
dependent on BCL2 and sensitive to venetoclax. 
Cancer Discov 2017; 7: 156–164.

 38. Konopleva M, Pollyea DA, Potluri J, et al. 
Efficacy and biological correlates of response 
in a phase II study of venetoclax monotherapy 
in patients with acute myelogenous leukemia. 
Cancer Discov 2016; 6: 1106–1117.

 39. Pemmaraju N, Konopleva M and Lane AA. More 
on blastic plasmacytoid dendritic-cell neoplasms. 
N Engl J Med 2019; 380: 695–696.

 40. Khwaja R, Daly A, Wong M, et al. Azacitidine 
in the treatment of blastic plasmacytoid 
dendritic cell neoplasm: a report of 3 cases. Leuk 
Lymphoma 2016; 57: 2720–2722.

 41. Laribi K, Denizon N, Ghnaya H, et al. Blastic 
plasmacytoid dendritic cell neoplasm: the first 
report of two cases treated by 5-azacytidine. Eur J 
Haematol 2014; 93: 81–85.

 42. Atalay F, Demirci GT, Bayramgurler D, et al. 
Blastic plasmacytoid dendritic cell neoplasm: 
skin and bone marrow infiltration of three cases 
and the review of the literature. Indian J Hematol 
Blood Transfus 2015; 31: 302–306.

 43. DiNardo CD, Rausch CR, Benton C, et al. 
Clinical experience with the BCL2-inhibitor 
venetoclax in combination therapy for relapsed 
and refractory acute myeloid leukemia and 
related myeloid malignancies. Am J Hematol 
2018; 93: 401–407.

 44. Feng Z, Zhou J and Bentley G. Blastic 
plasmacytoid dendritic cell neoplasm: report of 
a case presenting with lung and central nervous 
system involvement and review of the literature. 
J La State Med Soc 2014; 166: 2–9.

 45. Saeed H, Awasthi M, Al-Qaisi A, et al. Blastic 
plasmacytoid dendritic cell neoplasm with 
extensive cutaneous and central nervous system 
involvement. Rare Tumors 2014; 6: 5474.

 46. Jegalian AG, Buxbaum NP, Facchetti F, et al. 
Blastic plasmacytoid dendritic cell neoplasm 

in children: diagnostic features and clinical 
implications. Haematologica 2010; 95: 1873–1879.

 47. Roos-Weil D, Dietrich S, Boumendil A, et al. 
Stem cell transplantation can provide durable 
disease control in blastic plasmacytoid dendritic 
cell neoplasm: a retrospective study from 
the European Group for Blood and Marrow 
Transplantation. Blood 2013; 121: 440–446.

 48. Syed YY. Tagraxofusp: first global approval. 
Drugs 2019; 79: 579–583.

 49. Frankel AE, McCubrey JA, Miller MS, et al. 
Diphtheria toxin fused to human interleukin-3 
is toxic to blasts from patients with myeloid 
leukemias. Leukemia 2000; 14: 576–585.

 50. Frankel AE, Woo JH, Ahn C, et al. Activity of 
SL-401, a targeted therapy directed to interleukin-3 
receptor, in blastic plasmacytoid dendritic cell 
neoplasm patients. Blood 2014; 124: 385–392.

 51. Frankel A, Liu JS, Rizzieri D, et al. Phase I 
clinical study of diphtheria toxin-interleukin 3 
fusion protein in patients with acute myeloid 
leukemia and myelodysplasia. Leuk Lymphoma 
2008; 49: 543–553.

 52. Fanny D, Frankel AE, Seilles E, et al. Preclinical 
studies of SL-401, a targeted therapy directed 
to the interleukin-3 receptor (IL3-R) in blastic 
plasmacytoid dendritic cell neoplasm (BPDCN): 
potent activity in BPDCN cell lines, primary 
tumor, and in vitro and in vivo model. Blood 
2013: abstract 3942.

 53. United States Food and Drug Administration. 
ELZONRIS™ (tagraxofusp-erzs). Prescribing 
information. New York, NY: Stemline 
Therapeutics Inc., www.accessdata.fda.gov/
drugsatfda_docs/label/2018/761116s000lbl.pdf 
(2018, accessed June 2019).

 54. United States Food and Drug Administration. 
ONTAK® (denileukin diftitox). Package insert 
data. Woodcliff Lake, NJ: Eisai Medical Research 
Inc., www.accessdata.fda.gov/drugsatfda_docs/
label/2008/103767s5094lbl.pdf (2008, accessed 
March 2010).

 55. Kreitman RJ and Pastan I. Antibody fusion 
proteins: anti-CD22 recombinant immunotoxin 
moxetumomab pasudotox. Clin Cancer Res 2011; 
17: 6398–6405.

 56. United States Food and Drug Administration. 
LUMOXITI™ (moxetumomab pasudotox-
tdfk). Prescribing information. Wilmington, 
DE: AstraZeneca Pharmaceuticals LP, 
www.accessdata.fda.gov/drugsatfda_docs/
label/2018/761104s000lbl.pdf (2018, accessed 
9 June 2019).

https://journals.sagepub.com/home/tah
www.accessdata.fda.gov/drugsatfda_docs/label/2018/761116s000lbl.pdf
www.accessdata.fda.gov/drugsatfda_docs/label/2018/761116s000lbl.pdf
www.accessdata.fda.gov/drugsatfda_docs/label/2008/103767s5094lbl.pdf
www.accessdata.fda.gov/drugsatfda_docs/label/2008/103767s5094lbl.pdf
www.accessdata.fda.gov/drugsatfda_docs/label/2018/761104s000lbl.pdf
www.accessdata.fda.gov/drugsatfda_docs/label/2018/761104s000lbl.pdf


MP Economides, M Konopleva et al.

journals.sagepub.com/home/tah 9

 57. Adams S, Wilhelm A, Harvey L, et al. IMGN632: a 
CD123-targeting antibody-drug conjugate (ADC) 
with a novel DNA-alkylating payload, is highly active 
and prolongs survival in acute myeloid leukemia 
(AML) xenograft models. Blood 2016: abstract 2832.

 58. Agha ME, Monaghan SA and Swerdlow 
SH. Venetoclax in a patient with a blastic 

plasmacytoid dendritic-cell neoplasm. N Engl J 
Med 2018; 379: 1479–1481.

 59. Cai T, Galetto R, Gouble A, et al. Pre-clinical 
studies of antiCD123 CAR-T cells for the 
treatment of blastic plasmacytoid dendritic cell 
neoplasm (BPDCN). Blood 2016; 128: abstract 
4039.

Visit SAGE journals online 
journals.sagepub.com/
home/tah

SAGE journals

https://journals.sagepub.com/home/tah
https://journals.sagepub.com/home/tah
https://journals.sagepub.com/home/tah



