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Simple Summary: Until recently, there were no approved therapies for the aggressive blood cancer
blastic plasmacytoid dendritic cell neoplasm (BPDCN). Survival for patients diagnosed with BPDCN
is under two years, and improved treatments are needed. In 2018, tagraxofusp became the first
approved drug for BPDCN. Tagraxofusp is an interleukin 3-dipththeria toxin recombinant fusion
protein that targets CD123, a component of the interleukin 3 receptor, on the surface of BPDCN cells.
Here, we discuss the development of tagraxofusp and other newer agents that also target CD123. We
also present rationale for several other cell surface proteins, expressed on BPDCN, that are targets for
therapies already in development for other cancers and that might be also considered for evaluation
in BPDCN.

Abstract: Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is a rare and aggressive leukemia
derived from plasmacytoid dendritic cells (pDCs). It is associated with a remarkably poor prognosis
and unmet need for better therapies. Recently, the first-in-class CD123-targeting therapy, tagraxofusp,
was approved for treatment of BPDCN. Other CD123-targeting strategies are in development, includ-
ing bispecific antibodies and combination approaches with tagraxofusp and other novel agents. In
other blood cancers, adoptive T-cell therapy using chimeric antigen receptor (CAR)-modified T cells
represents a promising new avenue in immunotherapy, showing durable remissions in some relapsed
hematologic malignancies. Here, we report on novel and innovative therapies in development to
target surface molecules in BPDCN currently in clinical trials or in preclinical stages. We also discuss
new cell surface targets that may have implications for future BPDCN treatment.

Keywords: BPDCN; leukemia; AML; CD123; tagraxofusp; bispecific antibody; CAR-T cell

1. Introduction

Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is a rare and aggressive leukemia
characterized by a clonal expansion of plasmacytoid dendritic cells (pDCs). There has not
historically been a standard-of-care therapy for these patients, and they were treated with
leukemia or lymphoma chemotherapies. However, conventional chemotherapy is largely
inadequate in BPDCN, since although many patients initially respond, the responses are
short-lived and relapsed BPDCN is quite chemoresistant. This has prompted the evalu-
ation of alternative therapies such as targeted cytotoxins and immunotherapy. Recently,
tagraxofusp became the first drug approved for BPDCN in the US and Europe. Tagraxo-
fusp is an interleukin 3-diphtheria toxin fusion protein that targets the IL3 receptor alpha
subunit, or CD123, which is highly expressed on the surface of BPDCN cells [1]. Some
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patients do not tolerate tagraxofusp or it may not be available, and therefore standard
chemotherapy is still used. The most efficient regimens are broadly separated into these
sub-types: acute leukemia treatment (AML or ALL-like), lymphoma-like treatment, and
asparaginase/methotrexate-based treatments that are also used in aggressive leukemias
and lymphomas. Retrospective data imply a better rate of response with first-line therapy
that includes asparaginase/MTX and in ALL-like compared to AML-like or lymphoma-like
treatment. However, this assumption would ideally be confirmed in prospective cohorts.
Beyond those “classical” chemotherapies, innovative approaches have been developed
through the integration of data on the physiopathology and oncogenesis of BPDCN. Proof
of concept of the efficacy of targeted therapies such as bortezomib or venetoclax has been
recently provided with in vitro models and pre-clinical data [2–5]. The recent increased use
of BCL-2 inhibition in myeloid malignancies and its approval in acute myeloid leukemia
along with azacitidine lead to the assessment of the venetoclax alone or in combination in
ongoing clinical trials enrolling patients with BPDCN.

Even if most patients respond to initial tagraxofusp or chemotherapy, relapse is
common without consolidation by hematopoietic cell transplantation (HCT). In the setting
of HCT, overall survival can reach 40% after a follow-up of 5 years [6–10]. However, relapse
still occurs in at least 2/3 of allograft patients. Transplantation in first complete remission
(CR1) is associated with a better outcome compared to patients not in CR1. However, HCT
is associated with a significative toxicity that limits its indication to fit and younger patients.
Altogether, the data reporting outcomes with chemotherapy and HCT demonstrate a
large medical need for refractory patients and/or elderly patients that may not be able to
undergo intensive treatments. The long-lasting remissions that have been obtained after
HCT demonstrate the curative potential of adoptive therapies or immunotherapies and
support the design of such novel approaches.

Anti-tumor immunotherapy is a therapeutic strategy based on the principle of im-
munosurveillance of cancers: since the immune system is naturally capable of recognizing
cancer cells and destroying them, immunotherapy consists of artificially mobilizing im-
mune cells to recognize and eliminate malignant cells [11]. Thanks to the various clinical
successes that have occurred, immunotherapy has been considered a major breakthrough
in terms of cancer treatment [12]. Today, there are different types of immunotherapy:
passive immunotherapy based on monoclonal antibodies, active immunotherapy using
cytokines such as IFNα, IL-2, or TNF, and adoptive immunotherapy that uses effectors of
the immune response such as T cells. Indeed, over the last twenty-five years, new cellular
therapies against cancer based on the ex vivo manipulation and re-infusion of autologous or
allogeneic immune cells have been widely tested in the clinic. These different immunother-
apy approaches have shown great potential for the treatment of cancers, especially those
resistant to conventional therapies (surgery, radiotherapy, and chemotherapy) [13].

2. Targeted Therapies with Results or in Evaluation for BPDCN
2.1. Tagraxofusp

CD123, the interleukin (IL)-3 receptor alpha chain, is overexpressed in 100% of BPDCN
cases, and not expressed or weakly expressed on normal cells other than normal plasmacy-
toid dendritic cells and basophils [14,15]. CD123 was identified as a promising therapeutic
target for BPDCN patients. Frankel et al. launched the first pilot studies investigating a
CD123-targeted agent which featured a novel recombinant protein drug consisting of a
modified diphtheria toxin payload that was fused to recombinant human IL-3 [16]. The
unique drug construct, originally known as “DT-IL3”, was tested initially in patients with
MDS and AML, and the trial also included a small number of patients with BPDCN [17].
Although the drug was found to have modest single-agent activity in AML and MDS
in these early clinical trials, what stood out was the early efficacy signal in BPDCN [18].
Therefore, Frankel et al. embarked on a pilot early phase study specifically focusing on
patients with BPDCN with the same targeted therapy, which was renamed SL-401 (Stemline
Therapeutics, New York, NY, USA) [19]. In this clinical trial, a total of 11 patients, all male
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with a median age of ~70 years, were enrolled. Most patients were only able to receive one
cycle (5 doses, days 1–5) of therapy. Among the 11 patients, 9 were deemed eligible for
evaluation. The authors reported an overall response rate (ORR) of 78% (7 of 9 patients
responding), including five complete responses (CRs) and two partial responses (PRs).
Toxicity was notable for the vascular leak syndrome (VLS), which is now known as the
capillary leak syndrome (CLS). The authors noted that CLS was found to be manageable
overall and tracked with low or decreased serum albumin and weight gain [19]. The
accompanying editorial by Fitzgerald noted the novel agent as a potential breakthrough in
the rare disease field of BPDCN [18].

Building upon the momentum generated by these early results, Pemmaraju et al.
sought to further investigate this agent in a larger population of patients with BPDCN [1].
They conducted the first prospective, multi-institutional study of a targeted agent in BPDCN
using this agent, SL-401 (now known as tagraxofusp). Including both frontline (FL) and
relapsed/refractory (R/R) subjects, this four-stage study consisted of: (1) a dose-escalation
3 + 3 design (FL and R/R) for safety; (2) an expansion stage (FL and R/R); (3) a pivotal
confirmatory stage focusing only on FL patients (n = 13); and (4) an expanded access
fourth stage. The first three stages were reported in The New England Journal of Medicine
by Pemmaraju and Lane et al. in 2019 demonstrating that among the first 29 patients
enrolled and treated at the target dose of 12 µg/kg/day dosing, in the FL setting, SL-401
monotherapy yielded a 90% overall response rate including 72% rate of CR/CRc (CR or
CR “clinical”–CR in all sites except minimal residual skin abnormality). They found that
the median overall survival (OS) at 2 years was 52%, and 45% of patients were bridged to
stem cell transplantation in the first-line treatment setting. In the R/R setting, a 67% ORR
was observed among the 13 patients treated, with a median OS of 8.5 months. CLS was the
most important toxicity, which was reported in approximately 20% of patients and was the
cause of two deaths [1].

Based on these data, SL-401 (tagraxofusp) was granted US FDA approval on
21 December 2018, for patients with previously untreated or relapsed/refractory BPDCN ages
2 and older, and then later in the EU for adults for first-line treatment in January 2021 [20].
The CLS toxicity appropriately was designated as a “black box warning” on the package
label insert [21]. This approval marked an important milestone in the field, as it was not
only the first targeted agent approved specifically for patients with BPDCN, but also the
first ever CD123-targeted agent approved in hematology/oncology [22,23]. Tagraxofusp
is now being tested in combination with azacitidine and venetoclax in clinical trials for
patients with BPDCN, AML, and myelodysplastic syndrome (MDS) with early reports of
safety and efficacy reported at the American Society of Hematology Meeting in 2021 [24].

2.2. Monoclonal or Conjugated Antibodies

Given the high and uniform expression of CD123 in all BPDCNs, several antibody-
based drugs targeting CD123 have been developed. Early efforts were composed of
iterations targeting CD123 via “naked” monoclonal antibodies [25] or antibody–drug
conjugates (ADCs) [25] in patients with AML, and plans to apply the same agents to BPDCN.
Unfortunately, most did not reach the stage of testing in patients with BPDCN in clinical
trials. However, from a disease-specific trial that is still ongoing, we now have data in
patients with BPDCN using the CD123-ADC IMGN632 (ImmunoGen, Waltham, MA, USA).

IMGN632 is a humanized IgG1 monoclonal antibody specific for CD123 with a payload
consisting of an indolinobenzodiazepine pseudodimer (IGN) with a peptide linker [26].
IMGN632 binds to CD123-expressing cells, is internalized, and releases FGN849, which is
a potent DNA alkylating agent. Treatment of CD123+ AML cells with IMGN632 causes
DNA damage, S-phase cell cycle arrest, and apoptosis [27]. IMGN632 potently kills the
BPDCN cell line CAL1 and is active in vivo in patient-derived xenograft (PDX) models
of BPDCN. Laboratory studies suggest that, by virtue of their lower CD123 expression,
normal hematopoietic stem and progenitor cells are not as sensitive to IMGN632 as CD123+
BPDCN and AML leukemia cells [28].
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IMGN632 is being tested as a single agent in patients with previously untreated
or relapsed/refractory (R/R) BPDCN (ClinicalTrials.gov (accessed on 21 March 2022)
Identifier: NCT03386513). Results in the first 23 patients with R/R BPDCN were presented
at the American Society of Hematology meeting in December 2020 [29]. Seven of twenty-
three patients had an objective response (2 CR, 2 CRc, 1 CRi, and 2 PR) for an overall
response rate of 30% (95% CI, 13–53%) and a composite complete remission rate of 22%.
The duration of response for the four CR/CRc patients was between 3 and 9 months, all
without receiving stem cell transplantation. The drug was well tolerated with no grade 3 or
higher adverse events in more than one patient. The most common grade 1–2 events were
nausea, peripheral edema, and infusion-related reactions. In contrast to tagraxofusp, no
capillary leak syndrome (CLS) was observed. After these data were reported, the study
was expanded to include previously untreated patients with BPDCN and is ongoing in the
US and Europe.

As a result of this encouraging preliminary evidence of activity, IMGN632 received
breakthrough therapy designation (BTD) from the US Food and Drug Administration in
October 2020 specifically for treatment of BPDCN. This grants priority review to the agent
and manufacturer for future evaluation by the agency. IMGN632 is also being tested in
combination with azacitidine, venetoclax, or both, in a Phase 1b/2 study for patients with
AML (ClinicalTrials.gov (accessed on 21 March 2022) Identifier: NCT04086264). Based on
safety and efficacy data from this study, IMGN632 combinations might also be explored in
BPDCN in the future.

2.3. Bispecific Antibodies

Bispecific antibodies are protein drugs that have two different antigen binding sites.
In general, most bispecific antibodies bind to a target on tumor cells (e.g., CD123) and
a target on T cells (e.g., CD3; forming a BiTE or Bispecific T-cell Engager) to bring the
immune cell in proximity to the tumor cells. This results in more specific tumor cell
killing [30]. Modifications of the bispecific antibody constructs to improve activity or to
recruit different immune cells, such as natural killer cells, have alternative names such
as dual-affinity retargeting antibodies (DARTs) or bi-specific killer engager antibodies
(BiKEs). Blinatumomab is an approved bispecific antibody for the treatment of B-cell acute
lymphoblastic leukemia (B-ALL) that engages CD19 on leukemia cells and CD3 on T cells.
There are no currently approved bispecific antibodies that target BPDCN surface antigens.

Results from trials using bispecific antibodies have not yet been reported in patients
with BPDCN. However, encouraging results from trials testing CD123 bispecifics in AML
suggest they have the potential to be active in both diseases. Flotetuzumab (MacroGenics;
Rockville, MD) is an anti-CD123 x CD3 DART that has been evaluated in the setting of
primary induction failure or early relapsed/refractory AML. Among 88 patients treated in
an open-label phase 1/2 study, 30 patients who received the recommended phase 2 dose
achieved a complete remission (CR)/CR with a partial hematologic recovery (CRh) rate of
26.7%. In patients who achieved CR/CRh, median overall survival (OS) was 10.2 months
(range 1.87–27.27). A 10-gene expression signature predicted CR/CRh to flotetuzumab
and correlated with bone marrow immune cell infiltration at baseline. Adverse events
were mostly infusion-related reactions and cytokine release syndrome (CRS), largely grade
1–2 [31]. Capillary leak syndrome was not a prominent toxicity. Flotetuzumab is currently
being tested in a basket trial for relapsed/refractory CD123-positive malignancies, including
BPDCN (NCT04681105), but data from this trial have not yet been reported.

Other bispecific antibodies targeting CD123 × CD3 that are being tested in patients
with AML include the BiTEs vibecotamab (XmAb14045) [32] and APVO436 [33] (that
have been reported only in abstract form to date). Both have demonstrated activity in
relapsed/refractory AML and have similar safety profiles as flotetuzumab, with relatively
frequent but low-grade CRS. These agents may also be tested in BPDCN in the future.

ClinicalTrials.gov
ClinicalTrials.gov
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2.4. CAR-T Cells

A CAR is a chimeric antigen receptor composed of three domains: (i) an extracellular
domain that determines specificity—this is the scFv (single-chain variable fragment) of
a monoclonal antibody specific to a tumor antigen; (ii) an intracellular signaling domain
derived from a T-cell signaling molecule; (iii) a transmembrane domain (hinge or spacer)
that links the two preceding domains and plays a role in the conformation and accessibility
of the receptor to its target [34]. This strategy allows for direct recognition of tumor
antigens expressed on the cell surface, independent of major histocompatibility complex
presentation to T-cell receptors. Furthermore, by using the scFv of an antibody, CARs
can be used to recognize a wide range of structures including proteins and non-protein
structures, such as carbohydrate antigens [35].

The first CARs were developed in the late 1980s and corresponded to the variable
region of a monoclonal immunoglobulin for the extracellular portion and to the regions of
a TCR for the intracellular region [36–39]. However, the first “true” CAR was developed in
1993. This so-called “T-body” construct consisted of an scFv fused to the CD3ζ chain [40,41].
This first generation of CARs provided proof of concept despite limited clinical effect [42,43].
Indeed, cellular therapies modified with this type of CAR showed poor expansion and
limited persistence. These weaknesses reflect a failure of T-cell activation by CARs in
the absence of co-stimulatory molecules such as CD80 or CD86. The interaction with
these co-stimulatory molecules is part of the three signals required for full activation of a
CAR-T cell. Second- and third-generation CARs, including several co-stimulatory domains,
have been developed [43,44]. These CARs that include 4-1BB or CD28 or both domains
have been evaluated as a mechanism to promote tonic signaling and enhance in vivo
persistence [45–47].

The expected promise of CARs has been highlighted with the success of anti-CD19
CARs in ALL (acute lymphocytic leukemia) and NHL (non-Hodgkin’s lymphoma), where
complete remissions have been induced in numerous patients resistant to multiple lines of
chemotherapy [48–51]. The first published clinical trial used a second-generation CD19-
specific CAR (CD28/CD3ζ) for the treatment of ALL in relapsed adult patients [48]. In
this trial, the authors evaluated 32 patients and observed a 91% response rate. Numerous
clinical studies using CARs targeting CD19-positive malignancies then followed. Although
each trial had its own criteria for patient recruitment and conditioning, as well as the
configuration of the CAR, similar results were obtained with a response percentage between
70 and 100% in patients with leukemia and non-Hodgkin lymphoma [52,53]. Since 2017, two
CD19 CARs (Tisagenlecleucel [Kymriah], Novartis; and Axicabtagene ciloleucel [Yescarta],
Kite Pharma/Gilead) have been approved in the USA first, then subsequently in Europe
and several other countries.

Since 2013, several groups have developed and published preclinical studies using
CD123-directed CAR-T cells [54–58] in AML and BPDCN (Figure 1). These CARs are
often second generation, but some of them are third generation constructs based on the
costimulatory and other domains used [57]. Today, 28 phase 1 or 2 CD123 CAR trials are
listed in clinicaltrials.gov (accessed on 21 March 2022), mainly in AML. Most trials are open
in China using second- or third-generation CARs, but none have communicated results
to date.

In the USA, several CD123 CAR-T trials are ongoing, some of which include patients
with BPDCN (Table 1). Cellectis conducted a clinical trial in BPDCN using allogeneic
engineered T cells expressing an anti-CD123 chimeric antigen receptor. This is a second-
generation CAR (CD123 scFv-41BB-CD3ζ) with a safety switch based on the RQR8 depletion
ligand (confers susceptibility to the anti-CD20 monoclonal antibody rituximab). The expres-
sion of the endogenous T-cell receptor αβ (TCRαβ) is abrogated through the inactivation
of the TCRα constant (TRAC) gene, using Cellectis’ TALEN gene-editing technology. In
a pre-clinical study, they demonstrated a specific cytotoxic effect on BPDCN cells and
prolonged survival in mouse xenograft models of BPDCN [59]. In the phase 1 trial, one
patient with BPDCN was treated with a dose of 6.25 × 105 CAR-T cells/kg (NCT03203369).

clinicaltrials.gov
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Unfortunately, this patient had severe cytokine release syndrome (CRS) and died on day 9
after cell infusion. This trial has been closed for patients with BPDCN. However, the trial is
ongoing in AML (NCT03190278) and is currently in dose escalation, with goals to evaluate
the safety and clinical activity of UCART123v1.2 and to determine the maximum tolerated
dose (MTD) and recommended phase 2 dose (RP2D).
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Figure 1. Therapies that target cell surface antigens in patients with BPDCN, highlighting tagraxofusp
as the only approved therapy as well as others in clinical trials or agents and targets in earlier
preclinical development.

Mustang Bio developed an autologous CD123 CAR-T cell product called MB-102.
This CAR has a second-generation construct composed of a CD123 single-chain variable
fragment, an optimized IgG4 CH2CH3 linker, with CD28 and CD3ζ signaling domains.
Previously, this CAR demonstrated a strong activity on CD123+ AML cells in vitro and
in vivo [54] without ablation of normal hematopoietic progenitors (CFU and BFU) from
cord blood. A safety switch composed of EGFRt is incorporated in the construct, targetable
by the anti-EGFR monoclonal antibody cetuximab. Today, two clinical trials are ongoing
using this cell product (NCT02159495 and NCT04109482). The first one is a phase 1 trial
aimed to study anti-tumor activity and safety of administration of ex vivo-expanded
genetically modified T cells with two cohorts (AML and BPDCN). The second one is an
expanded phase 1/2 study to assess the safety and efficacy of MB-102 in patients with
relapsed or refractory BPDCN. To date, two patients with BPDCN have been treated with
100 × 106 cell doses. Complete remissions have been observed with well-tolerated side-
effect profiles, including only reversible and expected toxicities seen (e.g., all CRS was
≤grade 3).
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Table 1. Clinical trials using CAR-T cells targeting CD123 in patients with leukemia including BPDCN
and active non-CAR-T cell BPDCN trials (extracted from clinicaltrials.gov (accessed on 21 March 2022)).

CD123 CAR T-Cell Trials

NCT System Safety Switch Condition/Disease Dose Phase Status

NCT04318678
CD123-CAR

CD28
TM-CD28-CD3z

CD20 AML, B-ALL,
T-ALL, BPDCN

3 × 105, 1 × 106,
3 × 106,

1 × 107 cells/kg
1 Recruiting

NCT02159495 CD123-CAR IgG4
TM-CD28-CD3z EGFRt CD123+ diseases 1 Recruiting

NCT04109482
CD123-CAR IgG4
TM-CD28-CD3z

(MB-102)
EGFRt BPDCN Up to 600 × 106 cells 1/2 Recruiting

NCT02623582
CD123-CAR

41BB-CD3z (RNA
electroporated)

AML Early phase 1 Terminated

NCT03766126
CD123-CAR
41BB-CD3z
(lentiviral

transduced)
AML 1–5 × 106 cells/kg 1 Active, not

recruiting

NCT03203369
Allogenic

UCART123-41BB-
CD3z

RQR8 BPDCN 6.25 × 105

–6.25 × 106 cells/kg 1 Terminated

NCT03190278
Allogenic

UCART123 v1.2
-41BB-CD3z

RQR8 AML 1 Recruiting

NCT04678336 CD123-CAR
41BB-CD3z Pediatric AML 2 × 106 cells/kg 1 Recruiting

Other active non-CAR-T cell BPDCN trials

NCT Agent(s) Condition/Disease Phase Status

NCT03113643
SL-401,

venetoclax,
azacitidine

BPDCN, AML,
MDS 1 Recruiting

NCT03386513 IMGN632 BPDCN 1/2 Recruiting

NCT04216524
SL-401,

venetoclax,
Hyper-CVAD

BPDCN 1 Recruiting

NCT04317781 SL-401
BPDCN after

stem cell
transplant

2 Active, not
recruiting

Mireya Paulina Velasquez’s team in St. Jude Children’s Research Hospital is also eval-
uating a CD123-specific CAR in patients with recurrent/refractory CD123+ disease (AML,
B-ALL, T-ALL, or BPDCN) as a bridge-to-transplant phase 1 clinical study (CATCHAML,
NCT04318678). This is a second-generation CAR with a CD28 H/TM region and CD28ζ
signaling domain and includes a CD20 sequence as a safety switch [60]. The University
of Pennsylvania is conducting two phase 1 clinical trials using second-generation CD123
CARs based on 4.1BB and CD3ζ with different delivery methods (RNA electroporated CAR,
NCT02623582; lentivirally-transduced, NCT03766126). Another trial is recruiting at the
Children’s Hospital of Philadelphia (NCT04678336) to evaluate CD123 CAR-4.1BB-CD3z in
pediatric AML. No results have been published to date.

In Europe, groups in France and Germany are developing CAR-T cells targeting
CD123. The German group of Cartellieri et al. developed a rapidly switchable universal
CAR-T platform called UniCAR that was redirected against CD123+ leukemia cells to allow
a highly controlled and dose-dependent activation of the CAR-T cells [58]. This strategy is
proposed to control off-target toxicities as an alternative to needing a suicide gene. This
strategy is under clinical evaluation in AML, B-ALL, and BPDCN, with CD123 positivity of
more than 20% of blasts is required for study entry (NCT04230265). To date, three patients
with AML have been treated and no DLTs were observed. Mild and expected adverse
events have been observed (grade 1 CRS, grade 1 fever) and all patients treated have shown
a clinical response (two complete remissions with incomplete hematologic recovery, one
partial response) [61].

clinicaltrials.gov
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In France, Garnache-Ottou and team investigated the anti-leukemia efficacy and safety
of a third generation lentiviral CD28/4-1BB CAR-T cell product targeting CD123 (CAR123),
and provided strong preclinical rationale for the clinical assessment of this autologous
cell therapy [57]. This CAR is currently undergoing clinical translation to meet good
manufacturing practice (GMP) requirements using a closed automated system. A phase
1/2 clinical trial to validate the clinical proof of concept of CAR123 for patients with BPDCN
will be the next step and is planned.

2.5. Promising New Targets
2.5.1. CD38

CD38 is a cell surface antigen that is expressed or overexpressed in several different
hematologic malignancies including multiple myeloma (MM), T-cell acute lymphoblastic
leukemia (T-ALL), and others including some BPDCNs. In BPDCN, CD38 is not usually
included as part of the standard diagnostic workup, but of interest, several groups have
demonstrated that it can be expressed in BPDCN, with perhaps 50% or more of cases
being positive [62]. This finding is not only of potential diagnostic relevance, but also
may be considered therapeutically important. The monoclonal antibody agent known as
daratumumab is an already available, approved targeted therapy directed against CD38,
currently used in patients with MM. Iverson et al. demonstrated monotherapy activity
with daratumumab in a 70-year-old patient with untreated CD38+ BPDCN [63]. Another
recent report by Mirgh et al. demonstrated efficacy of daratumumab in combination with
bortezomib in a 75-year-old patient with BPDCN, who had extensive CD38+ disease in-
volvement that was relapsed/refractory after standard treatments [64]. Therefore, it would
be of interest for the BPDCN field to perform further studies both into expression of CD38+
in BPDCN and development of formal clinical trials for monotherapy and combination
studies with daratumumab or other novel immunotherapies in CD38+ BPDCN.

2.5.2. HA-1H

CARs directed at cell-surface targets associated with other more common tumor types
may also be adapted for treating BPDCN. For example, the minor histocompatibility antigen
HA-1 is exclusively expressed on hematopoietic cells and is presented to the immune system
in the context of HLA-A*02:01 [65]. The antigenic HA-1H isoform is relatively common in
the general population and TCR gene transfer can create HA-1H antigen-specific T cells,
including in the setting of allogeneic stem cell transplantation [66]. Therefore, a basket
CAR-T cell trial is underway for patients with multiple types of leukemias, including
BPDCN, that express HLA-A*02:01 and who have persistent or relapsed disease after
an allogeneic SCT from an HLA-A*02:01 or HA-1H negative donor (clinicaltrials.gov
(accessed on 21 March 2022): NCT03326921). No data have been released to date.

2.5.3. CD56

As CD56 is also expressed on BPDCN blasts, and this antigen could be a target to
eliminate leukemia cells. Some strategies using antibody or CAR-T cells targeting CD56 are
under evaluation in other pathologies, suggesting these strategies could also be evaluated in
BPDCN. For example, a new CD56-targeting monomethyl auristatin E-conjugated antibody–
drug conjugate is active in preclinical models of Merkel cell carcinoma [67]. Similarly, a
CD56-targeted CAR-T is active in models of small-cell lung cancer and neuroblastoma [68].
These preclinical data indicate that CD56-targeted therapies merit further investigation as a
potential treatment for CD56+ hematologic malignancies such as BPDCN. However, CD56
is also expressed on NK cells and a subset of T cells. Therefore, CD56-directed therapy,
particularly if long-lasting such as via anti-CD56 CAR-T cells, may need to be used as a
bridge to hematopoietic stem cell transplantation, which would eliminate residual CAR-T
cells and restore CD56+ lymphocytes.

clinicaltrials.gov
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2.5.4. ILT3

Immunoglobulin-like transcript 3, ILT3, encoded by the gene LILRB4, is an important
cell surface regulator of dendritic cell function [69]. ILT3 is highly expressed on normal
pDCs and monocytes, and similarly is expressed on most BPDCNs and monocytic (FAB
subtype M4/M5) AMLs. An ILT3/LILRB4-directed CAR-T cell preclinical model was active
against monocytic AML cells and was not toxic to normal progenitors derived from normal
CD34+ umbilical cord blood in vitro or humanized hematopoiesis in a mouse model [70].
These data suggest that an ILT3-directed immunotherapy could also be tested in patients
with BPDCN.

3. Conclusions

Despite the significant increase in disease-specific research on BPDCN in recent years,
patients are still in need of better treatments. The success of tagraxofusp demonstrated
the potential for targeting CD123 and for the discovery and evaluation of BPDCN-specific
therapies as a feasible drug-development endeavor. This strategy may be particularly
effective in the long-term when there are target antigens, like CD123, that are shared with
other cancers. This can expand the reach of novel agents to more patients while also directly
helping those with BPDCN. Several other classes of immunotherapeutic agents that also
target CD123 are in development for other hematologic malignancies, as outlined here. We
hope that design of preclinical experiments and clinical trials will include BPDCN where
possible, to extend the toolbox of therapies in this still orphan disease. We also propose
that there are even advantages to making the initial focus of an agent’s development on
an orphan disease indication, such as BPDCN, as “proof-of-concept.” This is particularly
helpful if the orphan disease is relatively homogenous between patients and if the target is
highly expressed and/or essential for the biology of the malignant cell. Dramatic responses
only require small patient numbers to support early clinical evaluation. For these reasons,
we believe that several additional targets and therapies being tested in other malignancies
also hold promise for co-development in BPDCN. A thoughtful approach in this way is
essential to bring novel therapies to rare diseases that would otherwise be less likely to be
selected for drug development on their own.
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