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Abstract: Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is aggressive hematologic malignancy derived from plasma-
cytoid dendritic cell precursors of myeloid cell lineage. Patients frequently present with bruise-like skin lesions, which typically
are followed months later by progressive cytopenias. Historically, BPDCN prognosis has been dismal, with median overall
survival ranging from 9 to 13 months. In the past 2 decades, our understanding of BPDCN pathogenesis has led to the successful
development of novel therapeutics. In December 2018, the FDA approved tagraxofusp-erzs for adults and pediatric patients older
than 2 years who have either treatment-naïve or relapsed/refractory BPDCN. Acute lymphoblastic leukemia (ALL)-based
chemotherapy regimens also provide comparable outcomes to tagraxofusp. In our practice, for patients with good performance
status, we use tagraxofusp, ALL-based chemotherapy regimens, or clinical trials as frontline induction therapy, followed by
consolidation with allogeneic stem cell transplant once the first complete response has been achieved. Our induction regimen also
includes intrathecal chemotherapy for central nervous system prophylaxis. Patients with poor performance status who are
treatment-naïve or patients with relapsed/refractory disease have limited therapeutic options, and we strongly recommend
enrollment in clinical trials; several novel agents and combinations are currently under clinical investigation for both treatment-
naïve and relapsed/refractory BPDCN.
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Introduction
Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is rare, aggressive hematologic malignancy that frequently
involve the skin at presentation. BPDCN is derived from the precursors of plasmacytoid dendritic cells (pDCs) of
myeloid cell lineage.1–3 This entity was first described by Adachi et al in 1994 as a blastic CD4-positive
lymphoma with high expression of CD56.4 Because of the co-expression of CD56, a natural killer cell origin
was proposed, and the disease was also known as blastic natural killer cell lymphoma and agranular CD4+ CD56
+ hematodermic neoplasm. It was renamed to BPDCN in the 2008 revision of the WHO Classification of Tumors
of the Hematopoietic and Lymphoid Tissues. The 2016 WHO taxonomy classified BPDCN as a separate category
from myeloid cell-derived neoplasms, thereby recognizing its unique clinical presentation and genetic features.5

Historically, patients with BPDCN experience poor outcomes, with overall survival (OS) rates ranging from 9 to 13
months.6 On December 21, 2018, the FDA approved tagraxofusp-erzs (SL-401, brand name ELZONRIS; manufactured
by Stemline Therapeutics, New York City, NY) for patients with untreated or relapsed/refractory (r/r) BPDCN. Despite
high response rate, the duration of response is limited in patients who are ineligible for allogeneic stem cell transplant
(AlloHSCT). Since then, increasing efforts have been devoted to understanding the pathophysiology of BPDCN and
developing novel therapeutics for this patient population.

This review will discuss the clinical presentation, diagnosis, cytogenetic/molecular features, and management of
BPDCN in the modern era.
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Clinical Presentation
Though the median age of BPDCN diagnosis is 64 years, it has a bimodal distribution with 2 peaks: one for patients
younger than 20 years old and one for patients older than 60 years. The male-to-female ratio is 4:1.7–10 The male
predominance has been linked with the loss-of-function mutation in ZRSR2, an X chromosome gene resulting in aberrant
RNA splicing.10 For more than 90% of patients, skin lesions are the initial signs of disease, which are typically followed
by progressive cytopenias months later.11–13 Skin lesions vary in size, color and shape, and includes violaceous,
erythematous, red brown and/or purpuric patches, plagues, nodules or ulcerative lesions. The bruise-like infiltrates
lesions, most characteristic for BPDCN, could be an early manifestation of neoplastic cell infiltration with red blood
cell extravasation in the skin.14 The Modified Skin Weighted Assessment Tool (mSWAT) can be used to estimate and
monitor the extent and severity of cutaneous disease.15

Leukemic blastic cells can rapidly disseminate in the bone marrow, leading to transfusion-dependent anemia,
bleeding, and infectious complications.1,2,16 The lymph nodes, liver, and spleen are frequently infiltrated during the
disease process.2,12,16 In 30% to 60% of cases, BPDCN exhibits central nervous system (CNS) involvement, with or
without neurologic signs;15,17,18 however, this percentage is probably underestimated.19

Diagnosis
Our diagnostic work-up for BPDCN is summarized in Figure 1. Morphologically, leukemic blastic cells are intermediate-
sized, with a round peripheral nucleus and nucleolus. The cytoplasm is faintly basophilic without granulation.1–3,12 The
immunophenotype of malignant cells lacks myeloid-, T-, or B-cell lineage immunophenotypic markers and often
expresses CD4, CD56, and high levels of HLA-DR.

The pDC origin can be confirmed by very high expression of CD123, CD303 (BDCA2), or TLC1.16,20,21 Though
CD123 and TLC1 can also be expressed in other lymphoid and myeloid malignancies, their expression levels are much
higher in BPDCN.22,23 CD303 expression is very specific to BPDCN, but it is only present in 70% of cases.24 Compared
to AML and mature pDC proliferation associated with myeloid neoplasm, BPDCN lacks immature markers, such as
CD34 or CD133. A comprehensive flow cytometry panel is required for BPDCN diagnosis and must include pDC
markers such as CD2AP, CD4, CD56, CD3, CD20, CD2AP, CD123, CD303, CD304, and TLC1.23

Molecular Landscape
In more than half of BPDCN cases, cytogenetics studies reveal a complex karyotype with chromosomal losses.25 The most
frequent abnormalities include those in chromosomes 9 or 9q (61%), 12p13 (59%), 13q (55%), 17p (33%), 5q (28%), and

Figure 1 Diagnostic algorithm for blastic plasmacytoid dendritic cell neoplasm.
Abbreviations: CBC with diff, complete blood count with differential; CMP, complete metabolic panel; CNS, central nervous system; H&P, history and physical exam; pDC,
plasmacytoid dendritic cells; PET/CT, positron emission tomography-computed tomography scan.
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7p12.2 (20%).26 Some losses involve tumor suppressor genes, such as CDKN2A, CDKN2B, CDKN1B, ETV6, RB1, and
LATS2;27,28 chromosomal losses involving regulators of the G1/S cell cycle likely contribute to the development of BPDCN.
The 8q24 rearrangement is identified in 38% of BPDCN cases.25,29,30 The most frequent partner locus of 8q24 is SUPT3H
(6q21), which overlaps with RUNX2, a highly expressed super-enhancer gene.25,29,30 The 8q24 rearrangement results inMYC
overexpression and leads to accelerated cell proliferation, growth, and genome instability.31MYB rearrangement, seen in 20%
of BPDCN cases, deregulates the cell cycle and functions as a proto-oncogene.25,32,33

Like other myeloid malignancies, the mutational landscape of BPDCN is characterized by recurrent mutations in
epigenetic modifiers, transcriptional regulators, and splicing factors.34,35 Concurrent manifestation of BPDCN and MDS
or AML has been described; this suggests a common pathogenesis, with initiating mutations in pluripotent myeloid stem
cells.36 The 2 most frequently mutated epigenetic genes in BPDCN are AXSL1 and TET2, and these mutations are
associated with poor OS in BPDCN.34,37–40

Further investigations using RNA sequencing showed deregulation of 2 methylation gene signatures that are
responsive to DNA hypomethylating agents (HMAs): KDM5B, a histone demethylase gene, and PRMT5,
a methyltransferase-associated gene.39,41,42 Interestingly, TP53 is frequently co-mutated with TET2, suggesting
a synergistic effect.38 Other frequently observed mutated genes in BPDCN include ARID1A, IDH1, IDH2, U2AF1,
SRSF2, IKZF1-3, IRF8, ABL1, GNA13, and KRAS.34,37,39,43–47

BPDCN also consistently demonstrates overexpression of lncRNA-3q,45 which is thought to activate and change
epigenetic programming of leukemia stem cells.48 BRD4, a bromodomain and extraterminal (BET) domain protein, binds
to the promoter of lincRNA-3q and regulates lincRNA-3q expression.30 BET inhibitors have been shown to reverse
abnormal lincRNA-3q overexpression in animal models and are currently under investigation to treat BPDCN
(Figure 2).30 In addition, the overexpression of TCF4, a master transcriptional regulator, has been consistently demon-
strated among patients with BPDCN. TCF4 silencing agents are another promising potential epigenetic-based therapy.30

Figure 2 Blastic plasmacytoid dendritic cell neoplasm: novel therapeutic agents and their targets. Blue text highlights the commercially available medications for either
BPDCN or other hematologic malignancies.
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Disease Management
Before December 2018, the treatment paradigm of BPDCN revolved around intensive chemotherapy regimens. However,
responses to chemotherapy were typically short-lived; median OS from these regimens range from 5 to 30
months.18,37,49–52 AlloHSCT is the only curative treatment option, but only a small portion of patients are transplant-
eligible. Small retrospective case series have reported 3-year OS rates around 60% among patients who underwent
transplant after achieving first complete remission (CR1).53–56

Fit Patients
Our preferred frontline agents for fit patients, who have good performance status, include tagraxofusp-erzs; acute
lymphoblastic leukemia– (ALL-) based chemotherapy regimens; or clinical trials, if available (Figure 3). There are no
prospective randomized studies comparing outcomes from ALL-based chemotherapies and tagraxofusp, but in our
previously published real-world experience, first-line ALL-based regimens were associated with a higher response
rates than tagraxofusp (95% vs 50%; P =.069) and had comparable progression-free survival and OS rates.36

For fit patients who are candidates for alloHSCT, we aim for them to achieve CR1 prior to alloHSCT. If CR1 is not
achieved after induction therapy, we alternate the above frontline regimens until CR is achieved and then proceed with
alloHSCT. Among patients with good performance status but not candidates for alloHSCT due to age, we prefer clinical

Figure 3 Algorithm for blastic plasmacytoid dendritic cell neoplasm management. Performance status, serum albumin and cardiac function are the criteria to determine if
patient is candidate for frontline tagraxofusp-erzs or ALL-based chemotherapy.
Abbreviations: ALL, acute lymphoblastic leukemia; alloHSCT, allogeneic hematopoietic stem cell transplant; BM, bone marrow; CNS, central nervous system; CR,
complete response; PD, progressive disease; PET/CT, positron emission tomography-computed tomography scan; PR, partial response; SD, stable disease.
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trials or tagraxofusp, as we have observed a small portion of patients experience long-term responses to continuous
tagraxofusp therapy.

Frontline Regimens
Tagraxofusp-Erzs
Tagraxofusp is a cytokine-toxin fusion protein connecting truncated diphtheria toxin to recombinant human interleukin 3.57

The IL3 domain binds to CD123, which is strongly expressed on malignant BPDCN cells’ surfaces, and this subsequently
leads to the internalization of diphtheria toxin, resulting in inhibition of protein synthesis and cell death.58 Tagraxofusp was
first evaluated in a pilot Phase 1/2 trial that included 11 adult patients with BPDCN.6 Seven out of nine evaluable patients
experienced either complete remission (CR) or partial remission (PR) after a single course of tagraxofusp.

These promising results led to a subsequent prospective multicenter open-label single-arm study of 47 adult patients
with either treatment-naïve or r/r BPDCN who had no clinically evident CNS disease and had a baseline serum albumin
level of ≥ 3.2 g/dL.15 The overall response rate was 90%, with a median time-to-response of 43 days. The CR was 72%
(95% CI, 53–87%). Among enrolled patients, 45% of treatment-naïve patients underwent consolidation with alloHSCT.
The most common adverse events were transaminitis; thrombocytopenia; and capillary leak syndrome (CLS),15 which
occurred among 18% of patients and resulted in 2 treatment-related deaths.59

Careful patient selection and supportive measures are essential in reducing toxicity from tagraxofusp-erzs.58 The FDA
recommends ensuring patients have a serum albumin level ≥ 3.2 g/dL before initiating each cycle. For otherwise fit
patients who have serum albumin levels < 3.2 g/dL, we often prescribe intravenous albumin to increase serum albumin to
the target level prior to treatment. The first cycle should be completed in the inpatient setting, with close monitoring for at
least 24 hours afterward. Premedication include an H1 histamine antagonist, acetaminophen, and corticosteroids.

Tagraxofusp should be paused if patients develop transaminitis, acute renal injury, hypo- or hypertension, tachy- or
bradycardia, fever, or a mild/moderate hypersensitivity reaction. Supportive measures for CLS include intravenous
albumin; careful management of volume status; and administration of corticosteroids, diuretics, and vasopressors, if
indicated. Intravenous albumin should be administered if serum albumin levels decrease by ≥ 0.5 g/dL from baseline or
below 3.5 g/dL or if the patient experiences weight gain of more than 1.5 kg over 24 hours. High-dose methylpredni-
solone (1 mg/kg or equivalent per day) is recommended until CLS resolves.

For some patients who are transplant-ineligible or underwent previous treatment, the duration of response to
tagraxofusp may be limited. The primary resistance mechanism is DPH1 methylation and reduced expression of the
diphthamide pathway enzyme.60,61 The addition of an HMA or BCL-2 inhibitor to tagraxofusp is currently under
investigation (Figure 2). Notably, CD123 expression is not reduced among patients who developed resistance to
tagraxofusp, and so there have been several investigational agents targeting CD123.62 These include IMGN632, which
is composed of an anti-CD123 antibody conjugated with a DNA-alkylating payload; MB-102, a CD123 chimeric antigen
receptor T-cell therapeutic regimen; and XmAB14045, a bispecific CD3 × CD123 T-cell engager (Figure 2).62,63

ALL-Based Chemotherapy Regimens
Intensive chemotherapy remains an effective option for patients who are fit and eligible for HSCT even in the era of
tagraxofusp. Currently, there are no prospective randomized comparison studies between different chemotherapy regi-
mens. Based on the results of multiple retrospective studies, ALL-based regimens conferred better response rates than
acute myeloid leukemia– (AML-) based or CHOP- (cyclophosphamide, doxorubicin hydrochloride [hydroxydaunorubi-
cin], vincristine sulfate [Oncovin], and prednisone–) like regimens.36,50–52 The improved survival seen with ALL-based
regimens could possibly be explained by the incorporation of CNS prophylaxis in these regimens, which will be further
discussed later in the paper. CNS relapse with or without systemic relapse is common in patients with BPDCN and is
associated with a poor prognosis.64

Hematopoietic Stem Cell Transplant
Given the aggressive nature of BPDCN, the currently available treatment regimens rarely provide long-term survival
despite their high initial response rates. AlloHSCT remains the only potential cure for BPDCN and should be pursued
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after CR1 for transplant-eligible patients.65 In our practice, we refer patients for bone marrow transplant consultation at
the time of diagnosis to initiate a transplant evaluation and donor search. Once CR1 is achieved, eligible patients will
proceed with alloHSCT.

The timing of the transplant remains a critical factor effecting post-transplant outcomes. Across studies conducted in
Europe, Japan, and North America, transplants performed at the time of CR1 have consistently demonstrated better
outcomes than to transplants performed at the second CR (CR2) or later.53,55,56,66 In a meta-analysis of 128 patients with
BPDCN who underwent alloHSCT, the pooled OS rate was 50% for all patients.54 Among patients who received
alloHSCT during CR1, the pooled OS rate was 67%; among patients who received alloHSCT during CR2 or later, the
pooled OS rate was 8%. Because of the small sample size, the study was not powered to compare outcomes between
patients who received reduced-intensity conditioning and those receiving myeloablative conditioning; however, the
relapse rate was higher among patients receiving reduced-intensity conditioning than those receiving myeloablative
conditioning (40% vs 18%).54 The role of post-transplant maintenance therapy is currently under investigation.

The evidence relating to autologous HSCT for BPDCN is limited. A multicenter North American observational study
reported a 1-year OS of 11%.53

Unfit Patients or r/r Disease
There is still a significant unmet clinical need for patients with poor performance status and is ineligible for standard first-
line regimens or whose diseases have progressed or relapsed.67 Given the poor outcomes seen with current treatment
options among these patients, enrollment in clinical trials is strongly recommended (Figure 3).68 Table 1 details the
currently active clinical trials for BPDCN.

For patients who cannot participate in clinical trials, preclinical studies and case series have reported results for
several commercially available agents: venetoclax, hypomethylating agents, multiple myeloma derived therapies and low
intensity chemotherapy regimens.

Venetoclax-Based Regimens
BPDCN highly expresses antiapoptotic protein B cell leukemia/lymphoma-2 (BCL2), and patient-derived mouse models
show that malignant BPDCN cells are dependent on BCL2 (Figure 2). Venetoclax, a BCL2 inhibitor, has been used in
case reports as a monotherapy for r/r disease.68,69 Most patients achieved either PR or CR; however, responses were

Table 1 Ongoing Clinical Trials Registered on Clinicaltrials.gov for Blastic Plasmacytoid Dendritic Cell Neoplasm That are
Actively Recruiting Patients as of 2/6/2022

Agent Phase Key Eligibility Clinicaltrials.gov ID Number

CD123 CAR T-cell therapy 1 Relapsed disease NCT02159495
NCT02623582

NCT03766126

NCT03203369
NCT04109482

IMGN632 (Anti-CD123 mAb-DNA-alkylating payload) 1 Relapsed disease NCT03386513

XmAB14045 (Bispecific CD123 × CD3 antibody) 1 Relapsed disease NCT02730312

Tagraxofusp-erzs + azacitidine + venetoclax 1 Relapsed disease NCT03113643

Venetoclax 1 Refractory or relapsed disease NCT03485547

Tagraxofusp + venetoclax + HCVAD/miniCVD 2 Treatment-naïve or relapsed disease NCT04216524

Flotetuzumab 1 Relapsed/refractory NCT04681105

Venetoxlax + decitabine 2 Relapsed/refractory NCT03404193

Abbreviations: CAR, chimeric antigen receptor; HCVAD, cyclophosphamide, vincristine sulfate, doxorubicin hydrochloride (Adriamycin), dexamethasone, metho-
trexate, and cytarabine; miniCVD, cyclophosphamide, vincristine sulfate and dexamethasone; mAb, monoclonal antibody.
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short-lived, ranging from 1 to 10 months. The dosing of venetoclax followed that of AML regimens, with a weekly dose
escalation. Venetoclax and HMA combinations have also shown promising safety and efficacy profiles against BPDCN.70

In a case series of 10 patients, combined venetoclax and HMA led to a rapid response in the skin, lymph nodes, and bone
marrow. Two patients achieved PR and eight achieved CR;70 however, duration of responses varied between 2 to 36
months.

Two triplets of venetoclax combinations—tagraxofusp + 5-azacitidine + venetoclax and tagraxofusp + venetoclax +
HCVAD (cyclophosphamide, vincristine sulfate, doxorubicin hydrochloride [Adriamycin], dexamethasone, methotrexate,
and cytarabine)/miniCVD (cyclophosphamide, vincristine sulfate and dexamethasone) —are currently being studied in
BPDCN clinical trials (Table 1).

Hypomethylating Agents
The primary resistance mechanism to tagraxofusp monotherapy involves hypermethylation of the DPH1 gene and
subsequent reduction of the diphthamide pathway enzyme (DPH1). HMAs can potentially reverse such resistance by
reversing the hypermethylation.60,61 Standard-dose 5-azacitidine monotherapy (75 mg/m2/day for 7 days) can provide
rapid but short-lived responses.71,72 To extend the response, a clinical trial combining 5-azacitidine, venetoclax, and
tagraxofusp is currently ongoing.

Multiple Myeloma–Derived Therapies
Several case reports have suggested that myeloma-based therapy has potential role for treating BPDCN. Three patients
with BPDCN were treated with bortezomib, lenalidomide, and dexamethasone (VRd) and achieved responses. Dosing
consisted of 10 mg of lenalidomide orally on days 1 through 21; 1.3 mg/m2 of bortezomib intravenously on days 1, 8, 15,
and 22; and 20 mg of dexamethasone orally on days 1, 8, 15, and 22.73

Daratumumab, an anti-CD38 monoclonal antibody, has been FDA-approved in combination with pomalidomide and
dexamethasone for patients with multiple myeloma who have already received at least 1 prior line of therapy. As
a monotherapy, daratumumab has been prescribed to elderly patients with BPDCN at a 16 mg/kg weekly dose and
elicited rapid responses.74,75

Low-Intensity Chemotherapy Regimens
A low-intensity chemotherapy regimen is a potential option for elderly or unfit patients who cannot participate in clinical
trials. However, again, responses are short-lived. In our practice, we prescribe a CHOP-like regimen to patients who are
not candidates for induction therapy but present with symptoms from BPDCN. Though the CHOP-like regimen was less
effective than ALL-based induction therapy in retrospective studies, it still has an approximately 40% CR rate, with
a median duration of response of 7 months.16

Among patients who are not candidates for CHOP-like therapy, case reports have indicated several alternative
treatment options, including bendamustine monotherapy (100 mg/m2 on days 1 to 2 every 3 weeks), combined
gemcitabine and docetaxel (800 mg/m2 of gemcitabine on day 1 and 8 and 75 mg/m2 of docetaxel on day 8 every 3
weeks), or pralatrexate monotherapy (15–30 mg/m2 weekly); these regimens have varied response rates ranging between
20% and 70%.64,76–80

CNS Prophylaxis
The incidence of CNS involvement in BPDCN is mainly unknown because the previous standard-of-care did not include
lumbar puncture (LP) at the time of diagnosis. Martin-Martin et al evaluated 13 consecutive patients with BPDCN and
found occult CNS involvement in 60% of cases at diagnosis and 100% at relapse,19 but none of the patients had
neurologic symptoms. Similarly, Pemmaraju et al reported CNS involvement in 23 out of 29 (79%) patients who
underwent LP analyses;81 of these patients, CNS involvement was detected during routine frontline LP for 57%, and
only 43% of 23 patients developed neurologic deficits.19

The role of CNS prophylaxis regimens has not yet been fully explored. However, ALL-based regimens that include
CNS prophylaxis demonstrate improved survival outcomes compared to AML-based regimens, which does not routinely
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include CNS prophylaxis.17,18,82 Pemmaraju et al reported a nonsignificant trend toward improved survival among
patients treated for frontline occult CNS disease, supporting the potential benefit of upfront intrathecal therapies.81

In our practice, we perform a diagnostic LP at the time of BPDCN diagnosis, relapse, or any signs of neurologic
symptoms. We use both flow cytometry and cytology to test cerebrospinal fluid for the presence of malignant cells. We
administer prophylactic intrathecal chemotherapy (alternating cytarabine and methotrexate) during induction treatment
regardless of CNS involvement (Figure 3).

Summary
BPDCN is an aggressive hematologic malignancy that affects both young and elderly populations. In the past several
decades, our understanding of pathogenesis and molecular targets of disease has successfully led to the development of
effective therapeutics, including the first-in-class FDA approval of tagraxofusp. Even though the initial response rates for
tagraxofusp or ALL-based regimens are promising for fit patients, these options are not curative without consolidation
with alloHSCT. For patients who are unfit or have r/r disease, current alternative treatment options only provide short-
lived responses. Fortunately, there are several ongoing clinical trials with novel agents or combinations for both
treatment-naïve and r/r BPDCN. We strongly recommend all patient enrollment in clinical trials if possible to treat
this aggressive disease.

Abbreviations
ALL, acute lymphoblastic leukemia; alloHSCT, allogeneic stem cell transplant; BET, bromodomain and extraterminal;
BPDCN, Blastic plasmacytoid dendritic cell neoplasm; CLS, capillary leak syndrome; CNS, central nervous system; CR,
complete response; CR1, first complete remission; CR2, Second complete remission; HMAs, hypomethylating agents;
LP, lumbar puncture; MPDCP, mature pDC proliferation associated with myeloid neoplasm; mSWAT, Modified Skin
Weighted Assessment Tool; OS, overall survival; pDC, plasmacytoid dendritic cells; PR, partial response; r/r, relapsed/
refractory.
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