~ International Journal of
Molecular Sciences

Case Report

Multiple Genomic Alterations, Including a Novel AFF4::IRF1
Fusion Gene, in a Treatment-Refractory Blastic Plasmacytoid
Dendritic-Cell Neoplasm: A Case Report and Literature Review

Yavuz Sahin 10, Y. Lynn Wang 12, Jianming Pei ">, Nashwa Mansoor !, Michael Styler 3, Joseph R. Testa 4>

and Reza Nejati 1*

check for
updates

Citation: Sahin, Y.; Wang, Y.L.; Pei, J.;
Mansoor, N.; Styler, M,; Testa, J.R.;
Nejati, R. Multiple Genomic
Alterations, Including a Novel
AFF4::IRF1 Fusion Gene, in a
Treatment-Refractory Blastic
Plasmacytoid Dendritic-Cell
Neoplasm: A Case Report and
Literature Review. Int. ]. Mol. Sci.
2024, 25, 305. https://doi.org/
10.3390/1jms25010305

Academic Editor: Marta Menegazzi

Received: 16 November 2023
Revised: 20 December 2023

Accepted: 21 December 2023
Published: 25 December 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1 Department of Pathology, Fox Chase Cancer Center, Philadelphia, PA 19111, USA

2 Molecular Diagnostics Lab, Fox Chase Cancer Center, Philadelphia, PA 19111, USA

Department of Bone Marrow Transplant and Cellular Therapies, Fox Chase Cancer Center,
Philadelphia, PA 19111, USA

4 Clinical Cytogenomics Lab, Fox Chase Cancer Center, Philadelphia, PA 19111, USA

5 Cancer Prevention and Control Program, Fox Chase Cancer Center, Philadelphia, PA 19111, USA
*  Correspondence: reza.nejati@fccc.edu; Tel.: +1-215-728-5281

Abstract: Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is a rare hematologic malignancy
with an aggressive clinical course and poor prognosis. The genetic abnormalities in BPDCN are
heterogeneous; therefore, its molecular pathogenesis and the prognostic importance of genomic
alterations associated with the disease are not well defined. Here we report a case of BPDCN with a
novel AFF4:IRF1 fusion predicted to lead to a loss-of-function of the IRF1 tumor suppressor, somatic
mutations of ASXL1, TET2, and MYDS88, as well as multiple intrachromosomal deletions. The patient
showed resistance to Tagraxofusp and Venetoclax, and he died about 16 months after diagnosis.
Considering the predicted effect of the AFF4::IRF1 fusion on IRF1’s antitumor effects and immune
regulation, and the possibility of its relevance to the aggressive course observed in this case, we
propose further evaluation of the clinical significance of this fusion in BPDCN in future cooperative
group studies and the consideration of therapeutic strategies aimed at restoring IRF1-dependent
antineoplastic effects in such cases.

Keywords: BPDCN; blastic plasmacytoid dendritic-cell neoplasm; neoplasm; leukemia; plasmacytoid;
Tagraxofusp

1. Introduction

Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is a rare hematologic malig-
nancy with an overall incidence estimated to be 0.04 per 100,000 people [1,2]. BPDCN is
more common in older men with a 3:1 to 5:1 sex ratio and a median age of diagnosis of 60 to
70 years [3]. It has an aggressive clinical course and poor prognosis with a median overall
survival of 2 years [2,4]. It is known to be derived from the precursors of plasmacytoid
dendritic cells and mostly presents with skin lesions, with or without bone marrow or
extramedullary involvement [2,5].

The fact that BPDCN is a rare disease and often presents with an unusual clinical
progression and overlapping symptoms makes it a difficult disease to diagnose. A helpful
hint in recalling its distinctive features involves the sequence “1234567”. BPDCN is distin-
guished by the expression of CD123+, CD4+, CD56+, and 70s (usually seen in older age) [2].
More than 50% of patients with BPDCN have chromosomal abnormalities, but a specific
chromosomal change has not been demonstrated [6]. Most of the identified abnormalities
have been deletions involving 5q, 12p, 13q13.1-14.2 (RB1), 6q, 15q, 9p21.3 (CDKN2A/B),
and 7p12.2 (IKZF1). Deletions of 12p, encompassing the ETV6 gene, are among the most
common findings in BPDCN. Molecular analyses have identified recurrent driver mutations
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in ASXL1, IDH1/2, IKZF1-3, NRAS, NPM1, TET1/2, TP53, U2AF1, and ZEB2 as well as
rearrangements involving MYB [6-9]. Several transcription factors, e.g., EI'V6 and TCF4,
have an important role in the proliferation of BPDCN cells [10,11]. Moreover, the B-cell
lymphoma 2 (BCL2) protein plays a crucial role in BPDCN cell survival [12,13]. Recent
advancements have revealed NF-kB pathway activation, disturbance in cholesterol balance,
and breakdown of the TCF4-/BRD4-dependent transcription network in BPDCN. However,
these alterations do not comprehensively uncover the regulatory mechanisms contributing
to BPDCN development. Although several studies have explored the cytogenetics and
molecular biology of BPDCN pathogenesis, neither have provided specific insights, leaving
the use of genomic alterations for diagnosing BPDCN a significant challenge [14].

A better understanding of the pathophysiology of BPDCN has led to the develop-
ment of new treatments. Today, various treatments are available for BPDCN including
chemotherapeutics, autologous and allogeneic hematopoietic stem cell transplantations,
Nuclear Factor-kappa B pathway inhibitors (Bortezomib), DNA hypomethylating agents
(5-Azacytidine), BCL2 inhibitors (Venetoclax), bromodomain inhibitors, folate metabolism
inhibitors (Pralatrexate) and CD123 targeted therapies (Tagraxofusp) [12,13,15]. However,
despite the availability of treatment options, a majority of the patients have a poor progno-
sis and short survival times [4]. In addition to uncertainties in the pathophysiology and
biology of BPDCN, the prognostic indicators remain unclear. Furthermore, the genetic
abnormalities in BPDCN are heterogeneous; therefore, their prognostic significance is
controversial [2].

Here we report a case of BPDCN with complex genomic abnormalities, various somatic
mutations, and a novel AFF4::IRF1 fusion. The patient showed resistance to Tagraxofusp (a
fusion protein consisting of interleukin 3 or CD123 ligand fused to diphtheria toxin) and
Venetoclax, that is possibly linked to the presence of this novel fusion. We also present a
mini literature review of the genetic findings in BPDCN.

2. Case Presentation

The patient was an elderly man who presented with a painless dime-sized violaceous
mass over his right anterior chest skin. A punch biopsy was performed on the lesion. The
section of skin demonstrated a dense atypical cellular infiltrate extending from the upper
dermis into the lateral and deep margins of the biopsy. The atypical cells were intermediate
to large and oval to irregular in shape having open nuclear chromatin and one or more
inconspicuous small nucleoli. Scattered mitotic figures were present. Imnmunostaining for
CD3 and CD20 highlighted scattered interstitial and ill-defined collections of T-lymphocytes
and only occasional interstitial B-lymphocytes which also form rare small collections. The
atypical cell population was negative for CD3 and CD20 but strongly expressed CD4,
CD123, CD56, and BCL2 with weak expression of BCL6 and CD68. The neoplastic cells
were negative for CD34, MUM]1, and lysozyme. At the time of diagnosis, bone marrow was
not involved, and both cytogenetics and CMA studies [16] did not show any abnormalities.
Ki67 showed a high proliferative index (approx. 70-80%). These findings confirmed the
diagnosis of BPDCN [17].

The patient showed complete resolution of skin nodules after initiating three doses
of Tagraxofusp. The therapy was stopped due to a capillary leak, a typical side effect
of Tagraxofusp. Four months later the patient developed local disease recurrence and
Tagraxofusp was restarted. The patient received a total of 28 doses of Tagraxofusp, with
good disease control. One year after the initial diagnosis, the peripheral counts at 1-week
intervals revealed 18% and 35% blasts, respectively, suggesting bone marrow involvement,
and a bone marrow biopsy was performed. Although the biopsy was suboptimal, flow
cytometry of the bone marrow detected an abnormal cell population in the blast gate (40%
of the total) with the following immunophenotype: CD4+, CD56+, CD123+, HLA-DR+,
CD38 subset+, CD2+, CD3—, CD5—, CD7—, CD8—, CD45 dim+, CD34—, CD117—, MPO—,
TdT—, CD13—, CD14—, CD16—, CD19—, CD20—, CD33—, and CD64. Lymphocytes
accounted for about 21% of the total cells; they were small to intermediate in size. B cells
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(7% of lymphocytes) were polyclonal. T cells (81% of lymphocytes) had a CD4:CDS8 ratio of
1:1, without an aberrant immunophenotype. Natural killer cells (CD56+/CD16+/CD3—)
constituted 8% of lymphocytes. Large granular lymphocytes (CD57+/CD3+) represented
34% of lymphocytes. Myeloid populations showed decreased side scatter, consistent with
hypogranularity. CD34+/CD117+ positive blasts were <1% of the total. The flow cytometry
confirmed the presence of circulating BPDCN, indicating bone marrow involvement. The
cytogenetic analysis reported a normal male karyotype. Analysis of bone marrow using a
targeted Next Generation Sequencing (NGS) ribonucleic acid (RNA) fusion panel revealed
an out-of-frame fusion between the AFF4 and IRF1 genes (Figure 1), which is predicted to
be caused by a 417,945-bp deletion in chromosome 5 at band 5q31.1.
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Figure 1. Display of AFF4::IRF1 fusion and genes structures.

Mutations in the ASXL1, MYDS88, and TET2 genes were detected via NGS of bone
marrow DNA. According to the ClinVar Database, the ASXL1 mutation (c.2077C>T) we
observed results in a stop codon (p.Arg693*) that is a pathogenic/likely pathogenic variant
reported previously in myelodysplastic syndrome and Bohring-Opitz syndrome. There
were two novel TET2 mutations. One of these had a single bp deletion, c.2551delC, which
results in a frameshift (p.Pro851fs), and the other, ¢.2474C>G, results in a stop codon
(p-Ser825*); all of these are expected to result in loss of function. The MYD88 mutation is
a 19-bp deletion that results in a frameshift, p.Ala6fs. The nomenclature defining these
mutations is presented in Table 1. Chromosomal Microarray Analysis (CMA) revealed
losses of segments in chromosome arms 2p, 4q, 5q, 7p, 10q, 11q, 13q, and 17p (specifically
in p13.3) in a mosaic state representing about 50% of the cells (Figure 2). Notably, the
deletions in 7p, 11q, and 13q encompass the tumor suppressor genes IKZF1, ATM, and RB1,
respectively. In addition to the obvious deletions mentioned, a tiny deletion in chromosome
5 at band 5g31.1 was also observed; this focal deletion corresponds to the deletion that gave
rise to the AFF4::IRF1 fusion shown in Figure 1.

Table 1. Summary of the first NGS results from bone marrow.

Gene Protein Change c¢DNA Change Allele Frequency Reference
MYDS88 p-Ala6fs ¢.10_28del GACCGCGCTGAGGCTCCAG 27.5% ENST00000396334
TET2 p-Ser825* €.2474C>G 22.5% ENST00000380013
TET2 p.Pro851fs c.2551delC 22% ENST00000380013
ASXL1 p-Arg693* c.2077C>T 19% ENST00000375687
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Figure 2. Chromosome microarray analysis (CMA). For each chromosome, the ordinate depicts the
DNA copy number (not log2 ratio) in the upper panel and B-allele frequency (BAF) in the lower panel,
loss of copy number is defined as less than two copies (diploid), and gain is defined as more than two
copies; normally, BAF panels show three “bands”, representing all homozygous (upper and lower
bands) and heterozygous (middle band) allele calls. Missing the middle band or an extra band in the
middle indicates the loss of heterozygosity (LOH) or mosaicism. Note that chromosome coordinates
are shown on the abscissa. The blue arrow above chromosome 5 indicates the focal deletion that
gives rise to the AFF4::IRF1 fusion shown in Figure 1.

Flow cytometry of peripheral blood showed an abnormal CD4+, CD56+, CD123+ cell
population (43% of total). CMA of a peripheral blood sample showed a similar profile to the
previous bone marrow sample. Cytogenetic findings were again normal, suggesting that the
genomically abnormal cells either did not divide in culture or that the abnormal metaphases
did not spread sufficiently for karyotypic analysis. NGS sequencing of peripheral blood
DNA revealed the same TET2 and ASXL1 mutations seen earlier in the bone marrow.
However, the MYD88 mutation was not observed, and two new sequence variants were
found, one in KMT2C, and the second, in GNAS (Table 2). However, the GNAS alteration
(c.991G>A; p.Ala331Thr) is a variant of uncertain significance (VUS), and the KMT2C
alteration (c.10_28del; Y366C) appears to be a VUS as well. Targeted RNA fusion analysis
of the peripheral blood showed the same AFF4::IRF1 fusion that was seen in the marrow.
After developing leukemic transformation, treatment was then changed to Venetoclax until
the patient relapsed and comfort care was initiated. A signed consent form was obtained
from the patient and his legal heirs, which would allow the patient’s data to be presented
as a case report. The patient passed away 16 months after initial diagnosis.

Table 2. Summary of the second NGS results from peripheral blood.

Gene Protein Change = c¢DNA Change Allele Frequency Reference
KMT2C p-Tyr366Cys c.1097A>G 6.4% ENST00000262189
TET2 p-Ser825* €.2474C>G 46.1% ENST00000380013
TET2 p-Pro851fs c.2551delC 44.0% ENST00000380013
ASXL1 p-Arg693* c.2077C>T 44.9% ENST00000375687
GNAS p-Ala331Thr c991G>A 47.0% ENST00000371100

3. Discussion

In the current report, we present a case of BPDCN with a novel AFF4::IRF1 fusion,
accompanied by point mutations in several genes previously described in BPDCN (ASXL1I,
TET?2). Mutations in genes related to DNA methylation pathways, such as TET2, often
correlate with a poor prognosis in BPDCN [14]. Additionally, the CMA analysis revealed
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various chromosomal deletions leading to a loss of heterozygosity in several potentially
critical tumor suppressor genes, including IKZF1, ATM, and RB1. These genomic alterations
may have contributed to our patient’s unfavorable prognosis and resistance to Tagraxofusp
and Venetoclax.

Like other AFF protein family members, AFF4 regulates gene transcription through
elongation and chromatin remodeling. It is also thought to play a role in the differentiation
of mesenchymal stem cells [18]. Depletion or amplification of the AFF4 gene has been
associated with various malignancies such as leukemia, head and neck squamous cell
carcinoma, bladder cancer, and colorectal carcinoma [19-21]. AFF4 is a common fusion
partner in acute lymphoblastic leukemia/lymphoblastic lymphoma, chronic lymphocytic
leukemia and adenocarcinoma of solid tumors, such as prostate, ovary, esophagus, and
breast according to Mitelman’s Database (https://mitelmandatabase.isb-cgc.org) (accessed
on 10 November 2023). Interferon regulatory factor (IRF) members show functional and
specialized roles in the regulation of target gene expression. IRF1, a member of the IRF
family, demonstrates functional diversity in the regulation of cellular response by activating
the expression of a diverse set of target genes, depending on the cell type and the specific
stimuli [22]. IRF1 is a tumor suppressor gene and rearrangements of IRF1 have a crucial
role in the pathogenesis of some malignancies such as chronic myeloid leukemia and
myelodysplasia [23,24]. As a tumor suppressor, it both suppresses tumor cell growth and
stimulates immune response against tumor cells. Defects in this gene have been associated
with gastric cancer, myelogenous leukemias, and lung cancer [25]. IRF1-associated fusions
IRF1::CEP20 and IRF1::LPAR6 were documented in gastric adenocarcinoma and mature B-
cell neoplasm (NOS), respectively, in the Mitelman Database. However, it remains unclear
whether formation, progression, or response to the treatment of BPDCN is associated
with AFF4- or IRF1-related abnormalities. To our knowledge, there is no prior report of
an AFF4:IRF1 fusion in BPDCN patients. In this context, this case report is the first to
demonstrate an AFF4::IRF1 fusion in a patient with BPDCN (Figure 1). Given that the
AFF4:IRF1 fusion is predicted to lead to IRF1 loss-of-function, this would adversely affect
IRF1’s antitumor effects and immune regulatory function. If IRF1 alterations were found to
be recurrent in BPDCN, consideration might be given to therapeutic strategies aimed at
restoring IRF1-dependent antineoplastic effects for such cases. For example, restoration of
IRF1-dependent anticancer effects has been achieved by MEK inhibition in human cancer
cells, and IRF1 was found to play an essential role in apoptosis induced by Ras/MEK
inhibition [26].

BPDCN is a rare and aggressive form of cancer. The absence of specific symptoms
and the challenging nature of diagnosis often lead to late-stage detection, when the disease
has already advanced throughout the body. Moreover, the incomplete understanding of
the disease’s underlying pathological mechanisms and biological attributes compounds
the diagnostic challenge, resulting in limited effective treatment choices [2]. Therefore,
further research and treatment strategies, fostered by cancer research cooperative groups,
are needed for this rare disease in order to improve the prognosis and survival of BPDCN
patients. BPDCN is most frequently characterized by asymptomatic skin lesions seen
in approximately 90% of patients at diagnosis, as in the present case. These lesions may
present as solitary or multiple lesions, may spread widely, and range from caries-like lesions
to plaques or nodules [2]. Bone marrow involvement, central nervous system infiltration,
lymphadenopathy, splenomegaly, and/or cytopenias may accompany these features with
varying severity [2]. In the current treatment-resistant case of BPDCN, our objective was to
present all the genetic alterations we detected while highlighting a novel abnormality.

According to the 5th edition of the World Health Organization Classification of Haema-
tolymphoid Tumors, BPDCN diagnosis requires expression of CD4, CD56, and CD123
and another pDC marker (CD123, TCL1, TCF4, CD304, and CD303) and the absence of
lineage-associated antigens such as MPO, lysozyme, CD3, CD14, CD19, and CD34 [27,28].
There is no characteristic chromosome abnormality in BPDCN, but approximately 75%
of these patients have complex karyotypic features [29]. The most common cytogenetic


https://mitelmandatabase.isb-cgc.org

Int. J. Mol. Sci. 2024, 25, 305

6 0f 9

abnormalities include deletions of 5q, 6q, 9p (or monosomy 9), 12p, 13q, and 15q. Deletion
of 12p is the most common finding in BPDCN [2]. NGS has enabled the search for gene
mutations and altered expression of genes associated with BPDCN. Somatic mutations or
over expression of APC, ASXL1, ATM, BCL2, BCL6, BCL11A, BRAF, CDKN1B, CDKN2A,
ETV6, GNAS, IDH1/2, IGLL1, IKZF1, KIT, KRAS, LRMP, MET, MLH1, MYC, NRAS, RB1,
RET, SRSF2, TET2, TP53, U2AF1, VHL, and ZRSR2 have been reported in various cases of
BPDCN [2,30-34]. However, many of these genes are also altered in myeloid neoplasms, so
their specificity to support the diagnosis of BPDCN is only modest [2]. In addition, MYC,
MYB, and KMT2A rearrangements have been reported in some studies of BPDCN [14,35,36].
In our case, deletions were detected in 2p, 4q, 5q, 7p, 10q, 11q, 13q, and 17p, and pathogenic
mutations were detected in ASXL1, TET2 (two), and MYDS§S8, which are largely consistent
with the literature.

MYDS88 is known as a cytoplasmic adapter protein involved in the antiviral response of
blastic plasmacytoid dendritic cells [37]. A heterozygous mutation of the MYDS88 gene has
been recently described in diffuse large B-cell lymphoma, splenic marginal zone lymphoma,
and chronic lymphocytic leukemia [38—40]. While we identified a mutation in the MYD88
gene in our case, Fandrino et al. tested nine fresh frozen skin biopsies of BPDCN for somatic
mutations of MYDS88, but found that none carried a mutation that affected the Toll /IL-1
receptor activity of MYD88 [37]. The results of another investigation [41] supported that
study’s findings [37]. Thus, it seems that the relationship between MYD88 and BPDCN is
uncertain and requires further investigation.

Although CD123, a subunit of interleukin 3 receptor, is expressed in most CD34+
hematopoietic progenitors, its expression is maintained only in monocytic and granulocytic
lineages [12]. The overexpression of CD123 was also demonstrated in some hematologic
malignancies, particularly acute myeloid leukemia, hairy cell leukemia, and BPDCN [42].
However, positivity for CD4, CD45RA, CD56, and CD123, along with the absence of
lineage-associated antigens is considered a pathognomonic phenotype of BPDCN [43].
Overexpression of CD123 is observed in 100% of patients with BPDCN [44]. Therefore,
CD123 is one of the main targets in the current development of new therapies for myeloid
malignancies [45]. Tagraxofusp is the first CD123-targeting agent approved for the treat-
ment of BPDCN [46]. More than half of patients respond to Tagraxofusp therapy. While
the rate of complete response is 70% in previously untreated patients over 70 years of
age, the response rate is only 10% in previously treated patients >70 years of age (12).
Another potential therapeutic agent is Venetoclax, a BCL2 inhibitor [13]. Although these
two agents were used at different times in our patient, the individual died within approx-
imately 16 months after diagnosis. The factors that have prognostic implications in the
therapeutic response of BPDCN patients are mostly unknown [12]. In a retrospective study,
age > 60 years at diagnosis, abnormal karyotype, and terminal deoxynucleotidyl transferase
negativity were suggested to be associated with worse treatment responses [47]. In another
study, multivariate Cox regression analysis revealed that advanced age, male gender, and
BPDCN occurring as the first malignancy were independent prognostic factors for overall
survival [48]. Yin et al. suggested that older age, multiple mutations, and mutations in the
DNA methylation pathway were poor prognostic factors for BPDCN [49]. In an extended
clinical-immunohistochemical study on a series of 91 well-documented BPDCN cases, it
was shown that CD303 expression and high proliferative index based on Ki67 staining
were significantly associated with longer survival [50]. Lucioni et al. showed that a 9p21.3
deletion is associated with a poor prognosis in BPDCN [51].

The novel AFF4::IRF1 gene fusion and complex genetic karyotype potentially con-
tributed to the patient’s poor clinical outcome. BPDCN cells express type I interferon.
IRF1 (Interferon Regulatory Factor 1) regulates type I interferon secretion. IRF1 plays
a crucial role in maintaining the delicate balance between self-renewal and differentia-
tion of hematopoietic stem cells (HSCs). This tight regulation ensures a steady supply
of blood cells throughout life, while also preventing uncontrolled cell growth. Therefore,
the AFF4::IRF1 gene may play a pivotal role for the pathogenesis of BPDCN. Therefore,
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exploring the potential correlation of this fusion with BPDCN pathogenesis through further
studies and subsequently devising treatment alternatives could enhance the management
of treatment-resistant BPDCN.

4. Conclusions

The genetic changes linked to BPDCN present a complex landscape, with diagnos-
tic and prognostic implications that remain only partially understood. In a challenging
treatment-resistant BPDCN case, we have detected a novel AFF4::IRF1 fusion. This fusion is
expected to impair IRF1 function, affecting its tumor-suppressing and immune-regulatory
roles. The identification of this novel fusion underscores the necessity for further ex-
ploration into its functional significance, potential role in BPDCN pathogenesis, and its
implications for tailored treatment strategies. Understanding the clinical impact and thera-
peutic possibilities of IRF1 fusions in BPDCN requires additional comprehensive studies to
pave the way for potentially targeted therapeutic interventions in BPDCN cases with an
AFF4:IRF1.

Author Contributions: Conceptualization, R.N. and J.R.T.; methodology, ].P.; data curation, N.M.;
writing—original draft preparation, Y.S.; writing—review and editing, R.N., JR.T., YL.W. and M.S;
data interpretation, review and editing, ].P; supervision, R.N.; funding acquisition. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.

Informed Consent Statement: A signed consent form was obtained from the patient and his legal
heirs, permitting the patient’s data to be presented as a case report.

Data Availability Statement: All available data are included in the report.

Conflicts of Interest: The authors declare no conflicts of interest regarding the work reported here.

References

1. Guru Murthy, G.S.; Pemmaraju, N.; Atallah, E. Epidemiology and survival of blastic plasmacytoid dendritic cell neoplasm. Leuk.
Res. 2018, 73, 21-23. [CrossRef]

2. Jain, A.; Sweet, K. Blastic Plasmacytoid Dendritic Cell Neoplasm. J. Natl. Compr. Cancer Netw. [NCCN 2023, 21, 515-521. [CrossRef]

3. Pagano, L.; Valentini, C.G.; Pulsoni, A.; Fisogni, S.; Carluccio, P.; Mannelli, F.; Lunghi, M.; Pica, G.; Onida, F.; Cattaneo, C.; et al.
Blastic plasmacytoid dendritic cell neoplasm with leukemic presentation: An Italian multicenter study. Haematologica 2013, 98,
239-246. [CrossRef]

4. Lee, YJ.;Kim, Y,; Park, S.H.; Jo, ].C. Plasmacytoid dendritic cell neoplasms. Blood Res. 2023, 58, 90-95. [CrossRef]

5. Bueno, C.; Almeida, J.; Lucio, P,; Marco, J.; Garcia, R.; de Pablos, ].M.; Parreira, A.; Ramos, F.; Ruiz-Cabello, F.; Suarez-Vilela, D.;
et al. Incidence and characteristics of CD4(+)/HLA DRhi dendritic cell malignancies. Haematologica 2004, 89, 58—69.

6. Tang, Z.; Tang, G.; Wang, S.A.; Lu, X.; Young, K.H.; Bueso-Ramos, C.E.; Alvarado, Y.; Medeiros, L.J.; Khoury, ].D. Simultaneous
deletion of 3’ETV6 and 5’EWSR1 genes in blastic plasmacytoid dendritic cell neoplasm: Case report and literature review. Mol.
Cytogenet. 2016, 9, 23. [CrossRef]

7. Leroux, D.; Mugneret, E; Callanan, M.; Radford-Weiss, I.; Dastugue, N.; Feuillard, J.; Le Mée, E,; Plessis, G.; Talmant, P.; Gachard,
N.; 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 Frangais de Cytogénétique Hématologique. Blood 2002, 99, 4154-4159. [CrossRef]

8. Petrella, T.; Bagot, M.; Willemze, R.; Beylot-Barry, M.; Vergier, B.; Delaunay, M.; Meijer, C.J.; Courville, P; Joly, P.; Grange, F; et al.
Blastic NK-cell lymphomas (agranular CD4+CD56+ hematodermic neoplasms): A review. Am. J. Clin. Pathol. 2005, 123, 662-675.
[CrossRef]

9. Alayed, K,; Patel, K.P; Konoplev, S.; Singh, R.R.; Routbort, M.].; Reddy, N.; Pemmaraju, N.; Zhang, L.; Shaikh, A.A.; Aladily, TN.;
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. [CrossRef]

10. Bohlander, S.K. ETV6: A versatile player in leukemogenesis. Semin. Cancer Biol. 2005, 15, 162-174. [CrossRef]

11.  Ceribelli, M.; Hou, Z.E.; Kelly, PN.; Huang, D.W.; Wright, G.; Ganapathi, K.; Evbuomwan, M.O.; Pittaluga, S.; Shaffer, A.L.; Mar-
cucci, G.; et al. A Druggable TCF4- and BRD4-Dependent Transcriptional Network Sustains Malignancy in Blastic Plasmacytoid
Dendritic Cell Neoplasm. Cancer Cell 2016, 30, 764-778. [CrossRef] [PubMed]

12. Beziat, G.; Ysebaert, L. Tagraxofusp for the Treatment of Blastic Plasmacytoid Dendritic Cell Neoplasm (BPDCN): A Brief Report

on Emerging Data. OncoTargets Ther. 2020, 13, 5199-5205. [CrossRef] [PubMed]


https://doi.org/10.1016/j.leukres.2018.08.014
https://doi.org/10.6004/jnccn.2023.7026
https://doi.org/10.3324/haematol.2012.072645
https://doi.org/10.5045/br.2023.2023052
https://doi.org/10.1186/s13039-016-0232-1
https://doi.org/10.1182/blood.V99.11.4154
https://doi.org/10.1309/GJWNPD8HU5MAJ837
https://doi.org/10.1002/ajh.23567
https://doi.org/10.1016/j.semcancer.2005.01.008
https://doi.org/10.1016/j.ccell.2016.10.002
https://www.ncbi.nlm.nih.gov/pubmed/27846392
https://doi.org/10.2147/OTT.S228342
https://www.ncbi.nlm.nih.gov/pubmed/32606740

Int. J. Mol. Sci. 2024, 25, 305 80f9

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Montero, J.; Stephansky, J.; Cai, T.; Griffin, G.K.; Cabal-Hierro, L.; Togami, K.; Hogdal, L.J.; Galinsky, I.; Morgan, E.A.; Aster, J.C,;
et al. Blastic Plasmacytoid Dendritic Cell Neoplasm Is Dependent on BCL2 and Sensitive to Venetoclax. Cancer Discov. 2017, 7,
156-164. [CrossRef] [PubMed]

Wang, Y.; Xiao, L.; Yin, L.; Zhou, L.; Deng, Y.; Deng, H. Diagnosis, treatment, and genetic characteristics of blastic plasmacytoid
dendritic cell neoplasm: A review. Medicine 2023, 102, e32904. [CrossRef] [PubMed]

Pemmaraju, N. Novel Pathways and Potential Therapeutic Strategies for Blastic Plasmacytoid Dendritic Cell Neoplasm (BPDCN):
CD123 and Beyond. Curr. Hematol. Malig. Rep. 2017, 12, 510-512. [CrossRef] [PubMed]

Zhao, Z.; Fowle, H.; Valentine, H.; Liu, Z.; Tan, Y.; Pei, J.; Badal, S.; Testa, J.R.; Grafia, X. Immortalization of human primary
prostate epithelial cells via CRISPR inactivation of the CDKN2A locus and expression of telomerase. Prostate Cancer Prostatic Dis.
2021, 24, 233-243. [CrossRef] [PubMed]

Arber, D.A,; Orazi, A.; Hasserjian, R.; Thiele, J.; Borowitz, M.].; Le Beau, M.M.; Bloomfield, C.D.; Cazzola, M.; Vardiman, J.W.
The 2016 revision to the World Health Organization classification of myeloid neoplasms and acute leukemia. Blood 2016, 127,
2391-2405. [CrossRef] [PubMed]

Zhou, C.C.; Xiong, Q.C.; Zhu, X.X,; Du, W.; Deng, P.,; Li, X.B; Jiang, Y.Z.; Zou, S.J.; Wang, C.Y.; Yuan, Q. AFF1 and AFF4
differentially regulate the osteogenic differentiation of human MSCs. Bone Res. 2017, 5, 17044. [CrossRef]

Fang, Y.; Cao, H.; Gong, X.; Chen, Y,; Zhuang, Y.; Zhou, S.; Chen, Y;; Jiang, Y.; Ji, X.; Peng, H.; et al. AFF4 Predicts the Prognosis of
Colorectal Cancer Patients and Suppresses Colorectal Cancer Metastasis via Promoting CDH1 Expression. Front. Oncol. 2022, 12,
797392. [CrossRef]

Deng, P; Wang, J.; Zhang, X.; Wu, X,; Ji, N,; Li, ].; Zhou, M,; Jiang, L.; Zeng, X.; Chen, Q. AFF4 promotes tumorigenesis and
tumor-initiation capacity of head and neck squamous cell carcinoma cells by regulating SOX2. Carcinogenesis 2018, 39, 937-947.
[CrossRef]

Cheng, M.; Sheng, L.; Gao, Q.; Xiong, Q.; Zhang, H.; Wu, M,; Liang, Y.; Zhu, E; Zhang, Y.; Zhang, X.; et al. The m(6)A
methyltransferase METTL3 promotes bladder cancer progression via AFF4/NF-kB/MYC signaling network. Oncogene 2019, 38,
3667-3680. [CrossRef]

Romeo, G.; Fiorucci, G.; Chiantore, M.V.; Percario, Z.A.; Vannucchi, S.; Affabris, E. IRF-1 as a negative regulator of cell proliferation.
J. Interferon Cytokine Res. Off. ]. Int. Soc. Interferon Cytokine Res. 2002, 22, 39-47. [CrossRef] [PubMed]

Tzoanopoulos, D.; Speletas, M.; Arvanitidis, K.; Veiopoulou, C.; Kyriaki, S.; Thyphronitis, G.; Sideras, P.; Kartalis, G.; Ritis, K.
Low expression of interferon regulatory factor-1 and identification of novel exons skipping in patients with chronic myeloid
leukaemia. Br. J. Haematol. 2002, 119, 46-53. [CrossRef] [PubMed]

Boultwood, J.; Fidler, C.; Lewis, S.; MacCarthy, A.; Sheridan, H.; Kelly, S.; Oscier, D.; Buckle, V.J.; Wainscoat, J.S. Allelic loss
of IRF1 in myelodysplasia and acute myeloid leukemia: Retention of IRF1 on the 5q- chromosome in some patients with the
5g-syndrome. Blood 1993, 82, 2611-2616. [CrossRef] [PubMed]

Alsamman, K.; El-Masry, O.S. Interferon regulatory factor 1 inactivation in human cancer. Biosci. Rep. 2018, 38, BSR20171672.
[CrossRef]

AbuSara, N.; Razavi, S.; Derwish, L.; Komatsu, Y.; Licursi, M.; Hirasawa, K. Restoration of IRF1-dependent anticancer effects by
MEK inhibition in human cancer cells. Cancer Lett. 2015, 357, 575-581. [CrossRef] [PubMed]

Khoury, ].D.; Solary, E.; Abla, O.; Akkari, Y.; Alaggio, R.; Apperley, ].E; Bejar, R.; Berti, E.; Busque, L.; Chan, ]. K.C.; et al. The
5th edition of the World Health Organization Classification of Haematolymphoid Tumours: Myeloid and Histiocytic/Dendritic
Neoplasms. Leukemia 2022, 36, 1703-1719. [CrossRef] [PubMed]

Sweet, K. Blastic plasmacytoid dendritic cell neoplasm: Diagnosis, manifestations, and treatment. Curr. Opin. Hematol. 2020, 27,
103-107. [CrossRef]

Khoury, ].D. Blastic Plasmacytoid Dendritic Cell Neoplasm. Curr. Hematol. Malig. Rep. 2018, 13, 477-483. [CrossRef]
Pemmaraju, N.; Kantarjian, H.M.; Cortes, J.E.; Duvic, M.; Khoury, ].D.; Patel, K.; Daver, N.; O’Brien, S.; Pierce, S.; Garcia-Manero,
G. Blastic plasmacytoid dendritic cell neoplasm (BPDCN): A large single-center experience: Analysis of clinical and molecular
characteristics and patient outcomes. Blood 2015, 126, 3746. [CrossRef]

Menezes, ].; Acquadro, F; Wiseman, M.; Gémez-Lopez, G.; Salgado, R.N.; Talavera-Casanas, J.G.; Burio, I.; Cervera, ].V.; Montes-
Moreno, S.; Hernandez-Rivas, ].M.; et al. Exome sequencing reveals novel and recurrent mutations with clinical impact in blastic
plasmacytoid dendritic cell neoplasm. Leukemia 2014, 28, 823-829. [CrossRef]

Zhang, X.; Sun, J.; Yang, M.; Wang, L.; Jin, ]. New perspectives in genetics and targeted therapy for blastic plasmacytoid dendritic
cell neoplasm. Crit. Rev. Oncol./Hematol. 2020, 149, 102928. [CrossRef]

Stenzinger, A.; Endris, V.; Pfarr, N.; Andrulis, M.; Johrens, K.; Klauschen, F.; Siebolts, U.; Wolf, T.; Koch, P.S.; Schulz, M.; 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. [CrossRef]

Zhang, X.; Zhu, Y.; Yang, M.; Wang, L.; Jin, J.; Yu, W. Mutational analysis in different foci revealing the clonal evolution of blastic
plasmacytoid dendritic cell neoplasm. Leuk. Lymphoma 2021, 62, 988-991. [CrossRef]

Sakamoto, K.; Katayama, R.; Asaka, R.; Sakata, S.; Baba, S.; Nakasone, H.; Koike, S.; Tsuyama, N.; Dobashi, A.; Sasaki, M.; et al.
Recurrent 8q24 rearrangement in blastic plasmacytoid dendritic cell neoplasm: Association with immunoblastoid cytomorphology,
MYC expression, and drug response. Leukemia 2018, 32, 2590-2603. [CrossRef]


https://doi.org/10.1158/2159-8290.CD-16-0999
https://www.ncbi.nlm.nih.gov/pubmed/27986708
https://doi.org/10.1097/MD.0000000000032904
https://www.ncbi.nlm.nih.gov/pubmed/36800625
https://doi.org/10.1007/s11899-017-0425-7
https://www.ncbi.nlm.nih.gov/pubmed/29064022
https://doi.org/10.1038/s41391-020-00274-4
https://www.ncbi.nlm.nih.gov/pubmed/32873916
https://doi.org/10.1182/blood-2016-03-643544
https://www.ncbi.nlm.nih.gov/pubmed/27069254
https://doi.org/10.1038/boneres.2017.44
https://doi.org/10.3389/fonc.2022.797392
https://doi.org/10.1093/carcin/bgy046
https://doi.org/10.1038/s41388-019-0683-z
https://doi.org/10.1089/107999002753452647
https://www.ncbi.nlm.nih.gov/pubmed/11846974
https://doi.org/10.1046/j.1365-2141.2002.03829.x
https://www.ncbi.nlm.nih.gov/pubmed/12358902
https://doi.org/10.1182/blood.V82.9.2611.2611
https://www.ncbi.nlm.nih.gov/pubmed/8219215
https://doi.org/10.1042/BSR20171672
https://doi.org/10.1016/j.canlet.2014.12.017
https://www.ncbi.nlm.nih.gov/pubmed/25497010
https://doi.org/10.1038/s41375-022-01613-1
https://www.ncbi.nlm.nih.gov/pubmed/35732831
https://doi.org/10.1097/MOH.0000000000000569
https://doi.org/10.1007/s11899-018-0489-z
https://doi.org/10.1182/blood.V126.23.3746.3746
https://doi.org/10.1038/leu.2013.283
https://doi.org/10.1016/j.critrevonc.2020.102928
https://doi.org/10.18632/oncotarget.2223
https://doi.org/10.1080/10428194.2020.1845338
https://doi.org/10.1038/s41375-018-0154-5

Int. J. Mol. Sci. 2024, 25, 305 90f9

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Suzuki, K.; Suzuki, Y.; Hama, A.; Muramatsu, H.; Nakatochi, M.; Gunji, M.; Ichikawa, D.; Hamada, M.; Taniguchi, R.; Kataoka, S.;
et al. Recurrent MYB rearrangement in blastic plasmacytoid dendritic cell neoplasm. Leukemia 2017, 31, 1629-1633. [CrossRef]
Fiandrino, G.; Arra, M.; Riboni, R.; Lucioni, M.; Dallera, E.; Arcaini, L.; Berti, E.; Paulli, M. Absence of MYD88 L265P mutation in
blastic plasmacytoid dendritic cell neoplasm. Br. |. Dermatol. 2013, 168, 883-884. [CrossRef]

Ngo, V.N.; Young, RM.; Schmitz, R.; Jhavar, S.; Xiao, W.; Lim, K.H.; Kohlhammer, H.; Xu, W.; Yang, Y.; Zhao, H,; et al.
Oncogenically active MYD88 mutations in human lymphoma. Nature 2011, 470, 115-119. [CrossRef]

Yan, Q.; Huang, Y.; Watkins, A.J.; Kocialkowski, S.; Zeng, N.; Hamoudi, R.A ; Isaacson, P.G.; de Leval, L.; Wotherspoon, A.;
Du, M.Q. BCR and TLR signaling pathways are recurrently targeted by genetic changes in splenic marginal zone lymphomas.
Haematologica 2012, 97, 595-598. [CrossRef] [PubMed]

Wang, L.; Lawrence, M.S.; Wan, Y.; Stojanov, P.; Sougnez, C.; Stevenson, K.; Werner, L.; Sivachenko, A.; DeLuca, D.S.; Zhang, L.;
et al. SE3B1 and other novel cancer genes in chronic lymphocytic leukemia. N. Engl. . Med. 2011, 365, 2497-2506. [CrossRef]
[PubMed]

Treon, S.P; Xu, L.; Yang, G.; Zhou, Y.; Liu, X; Cao, Y.; Sheehy, P.; Manning, R.J.; Patterson, C.J.; Tripsas, C.; et al. MYD88 L265P
somatic mutation in Waldenstrém’s macroglobulinemia. N. Engl. . Med. 2012, 367, 826-833. [CrossRef]

Muioz, L.; Nomdedéu, J.E,; Lopez, O.; Carnicer, M.J.; Bellido, M.; Aventin, A.; Brunet, S.; Sierra, ]. Interleukin-3 receptor alpha
chain (CD123) is widely expressed in hematologic malignancies. Haematologica 2001, 86, 1261-1269.

Swerdlow, S.H.; Campo, E.; Harris, N.L.; Jaffe, E.S.; Pileri, S.A.; Stein, H.; Thiele, J. (Eds.) WHO Classification of Tumours of
Huaematopoietic and Lymphoid Tissues, 4th ed.; WHO Press: Geneve, Switzerland, 2017; Volume 2.

Sapienza, M.R.; Fuligni, E; Agostinelli, C.; Tripodo, C.; Righi, S.; Laginestra, M. A ; Pileri, A, Jr.; Mancini, M.; Rossi, M.; Ricci,
F.; 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. [CrossRef]

Testa, U.; Pelosi, E.; Castelli, G. CD123 as a Therapeutic Target in the Treatment of Hematological Malignancies. Cancers 2019, 11,
1358. [CrossRef]

Adimora, I.].; Wilson, N.R.; Pemmaraju, N. Blastic plasmacytoid dendritic cell neoplasm (BPDCN): A promising future in the era
of targeted therapeutics. Cancer 2022, 128, 3019-3026. [CrossRef]

Taylor, ].; Haddadin, M.; Upadhyay, V.A.; Grussie, E.; Mehta-Shah, N.; Brunner, A.M.; Louissaint, A., Jr.; Lovitch, S.B.; Dogan, A;
Fathi, A.T.; et al. Multicenter analysis of outcomes in blastic plasmacytoid dendritic cell neoplasm offers a pretargeted therapy
benchmark. Blood 2019, 134, 678-687. [CrossRef]

Lin, X.; Wang, L.; Hu, Q.; Zhu, J.; Tao, Y,; Huang, L.; Niu, T. Incidence, prognostic factors, and survival outcomes in patients with
blastic plasmacytoid dendritic cell neoplasm: A retrospective study in the Surveillance, Epidemiology, and End Results database.
Eur. |. Haematol. 2023, 110, 743-753. [CrossRef]

Yin, C.C.; Pemmaraju, N.; You, M.].; Li, S.; Xu, J.; Wang, W.; Tang, Z.; Alswailmi, O.; Bhalla, K.N.; Qazilbash, M.H.; et al. Integrated
Clinical Genotype-Phenotype Characteristics of Blastic Plasmacytoid Dendritic Cell Neoplasm. Cancers 2021, 13, 5888. [CrossRef]
Julia, F; Dalle, S.; Duru, G.; Balme, B.; Vergier, B.; Ortonne, N.; Vignon-Pennamen, M.D.; Costes-Martineau, V.; Lamant, L.; Dalac,
S.; et al. Blastic plasmacytoid dendritic cell neoplasms: Clinico-immunohistochemical correlations in a series of 91 patients. Am. J.
Surg. Pathol. 2014, 38, 673-680. [CrossRef]

Lucioni, M.; Novara, F,; Fiandrino, G.; Riboni, R.; Fanoni, D.; Arra, M.; Venegoni, L.; Nicola, M.; Dallera, E.; Arcaini, L.; et al.
Twenty-one cases of blastic plasmacytoid dendritic cell neoplasm: Focus on biallelic locus 9p21.3 deletion. Blood 2011, 118,
4591-4594. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1038/leu.2017.101
https://doi.org/10.1111/bjd.12061
https://doi.org/10.1038/nature09671
https://doi.org/10.3324/haematol.2011.054080
https://www.ncbi.nlm.nih.gov/pubmed/22102703
https://doi.org/10.1056/NEJMoa1109016
https://www.ncbi.nlm.nih.gov/pubmed/22150006
https://doi.org/10.1056/NEJMoa1200710
https://doi.org/10.1038/leu.2014.64
https://doi.org/10.3390/cancers11091358
https://doi.org/10.1002/cncr.34345
https://doi.org/10.1182/blood.2019001144
https://doi.org/10.1111/ejh.13959
https://doi.org/10.3390/cancers13235888
https://doi.org/10.1097/PAS.0000000000000156
https://doi.org/10.1182/blood-2011-03-337501

	Introduction 
	Case Presentation 
	Discussion 
	Conclusions 
	References

