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Abstract
Background  Blastic Plasmacytoid Dendritic Cell Neoplasm (BPDCN) is a rare and aggressive hematologic malignancy 
originating from plasmacytoid dendritic cell precursors. BPDCN shares common diagnostic and clinical features with other 
hematologic malignancies and various dermatological disorders. Differential diagnosis and treatment are challenging 
and require awareness by the dermatologist, hemato-oncologist, pathologist for detailed diagnostic and therapeutic 
workup. The outcomes remain poor, and the optimal treatment for the disease is yet to be established, emphasizing the 
need for a more comprehensive and globally inclusive approach.
Methods  In response to these challenges, we initiated an international, multi-center collaboration and established a 
global registry program for BPDCN patients. The registry collected both retrospective and prospective data on demo‑
graphics, clinical presentations, diagnostic criteria, treatment regimens, and outcomes for cases diagnosed after Jan 
2010. Data for this report was obtained from 36 patients across 16 centers in 12 countries, with ongoing contributions 
from additional centers.
Results  Preliminary analysis revealed a male predominance (78%), with a median age at diagnosis of 63 years, involving 
all age groups. The immunophenotype (CD123 + , CD4 + , CD56 +) was consistently observed in a majority of patients 
(88.8%), validating its diagnostic utility and paramount significance in the BPDCN diagnosis. Treatment responses varied 
based on initial regimens, with ALL-like approaches demonstrating more favorable outcomes compared to AML-like 
strategies, which were given to younger patients. Notably, relapse rates remained high.
Conclusion  The BPDCN International Registry Program provides a valuable tool in consolidating global data and fostering 
collaboration among researchers and clinicians. This collaborative effort involving multiple countries on several conti‑
nents not only aims to advance our comprehension of BPDCN but also lays the groundwork for standardized treatment 
protocols for improving outcomes for BPDCN patients worldwide.

Key points

1.	 Global Collaboration and Data Collection: The BPDCN International Registry Program collected data from 36 patients 
across 16 centers in 12 countries, highlighting a robust global collaboration effort. This initiative aims to consoli‑
date comprehensive data on demographics, clinical presentations, treatments, and outcomes, providing a valuable 
resource for researchers and clinicians worldwide.

2.	 Clinical Implications and Future Directions: The registry’s preliminary analysis underscores the need for standardized 
treatment protocols for BPDCN. Despite varied initial treatment responses, the high relapse rates suggest a critical 
need for further research into more effective therapeutic strategies. This collaborative effort sets the stage for advanc‑
ing understanding and improving outcomes for BPDCN patients globally.

1  Introduction

Blastic Plasmacytoid Dendritic Cell Neoplasm (BPDCN) is a rare and clinically aggressive hematologic malignancy origi‑
nating from the precursors of plasmacytoid dendritic cells. BPDCN typically presents with cutaneous dissemination and 
bone marrow (BM) involvement, as well as extramedullary sites, including the central nervous system (CNS) in 20–30% 
of cases. (3:1 up to 5:1) [1, 2]. Estimating the true incidence of the disease is challenging; however, it is suggested that 
BPDCN constitutes 0.44% of all hematologic malignancies and 0.7% of all cutaneous leukemia/lymphoma cases [3]. While 
typically diagnosed around the age of 65, BPDCN has been observed across all age groups, including children [4] and 
exhibits a male predominance. In 2008, the World Health Organization (WHO) recognized BPDCN as a distinct entity, 
previously, it was known as agranular CD4 +/CD56 + hematodermic neoplasm or blastic natural-killer lymphoma. In 
the 2022 5 th edition update of the WHO Classification [5], it is now recognised under the Myeloid/Histiocytic/Dendritic 
neoplasms category [6–8]. The diagnosis requires at least 4 of the 6 BPDCN antigens: CD123, CD4, CD56, CD303/BDCA-2, 
TCL-1, CD2 AP, and lack of expression of myeloid markers (myeloperoxidase (MPO), lysozyme, CD14, CD34, CD116, and 
CD163), T and B lineage markers [3, 9]. Although antigens of disease as diagnostic criteria are well defined, the hetero‑
geneity of clinical course of BPDCN can lead to misdiagnosis. To avoid diagnostic gaps, awareness of specialists should 
be enhanced and decisions should involve multidisciplinary discussions between hemato-oncologists, dermatologists 
and pathologists. Retrospective studies indicate that the majority of patients received multi-agent chemotherapy with 
acute myeloid leukemia (AML), acute lymphoblastic leukemia (ALL), or lymphoma-based treatment regimens, with rela‑
tively high response rates including complete remission rates of 53–89% [9] but short frequent and rapid relapses and 
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subsequent mortality, with a median survival of 12–18 months. ALL-based treatment regimens were reported to be 
more effective than AML regimens in these retrospective series; however, patient numbers were small with significant 
inter-patient variability [10].

The rarity and diagnostic challenges of BPDCN contribute to the absence of a worldwide consensus on disease man‑
agement. In North American, the NABC sought to better understand and discuss BPDCN in the United States, Canada, 
and Mexico, and a recent Italian consensus paper convened a group of primarily European investigators for BPDCN 
guidelines and future directions. While these efforts have greatly added to the worldwide BPDCN literature, there still 
are many more areas of the world for further BPDCN research, investigation, and outcomes research and therefore we 
convened the current global initiative [3, 11].

The extreme rarity renders prospective clinical trials not feasible leading to a lack of standardized treatment 
approaches. These issues emphasize the need for collaborative research efforts and international cooperation to advance 
understanding and improve patient outcomes.

To address these challenges regarding diagnostic and treatment gaps, the Immune-Oncology Research Institute 
launched an international registry on Jul 1 st, 2022, aiming to foster multi-center collaboration and build a comprehensive 
database of BPDCN patients, thereby facilitating data-driven diagnostic and treatment recommendations. The registry 
collects retrospective and prospective data on the clinical presentation, diagnostics, treatment regimens, and outcomes 
of patients diagnosed with BPDCN after Jan 1 st, 2010.

This manuscript aims to present and analyze the data of 36 patients diagnosed with BPDCN, drawing insights from 
the BPDCN International Registry.

2 � Methods

This is a retrospective and prospective review of patients diagnosed with BPDCN, utilizing data extracted from the 
BPDCN International Registry. The registry is a global data collection platform via electronic Case Report Forms (eCRF) 
and Excel forms. Through the questionaries the data on patients characteristics (including demographics and clinical 
manifestations), disease characteristics (laboratory and imaging data including cytogenetics, immunophenotyping and/
or immunochemistry), details on treatment regimens, outcomes, death causes. As of Jan 1 st, 2024, retrospective data 
were collected from a total of 17 centers from 13 countries, including Armenia, Canada, Cyprus, Egypt, Georgia, India, 
Italy, Taiwan, Turkey, the UK, the USA, Kuwait and Iraq, which actively contributed to the registry (Fig. 1). For prospec‑
tively enrolled cases, ongoing data collection includes regular follow-ups to capture dynamic information on treatment 
responses, disease progression, and survival outcomes.

This registry adheres to ethical standards, having received approval from the Ethical Committee of Yerevan State 
Medical University, complemented with center-specific Institutional Review Board (IRB) approvals as required by local 
regulations. Informed consent has been obtained from all patients participating in the prospective arm of the study, 
ensuring ethical compliance and prioritizing patient confidentiality throughout the research process.

Statistical analyses will employ descriptive methods, presenting demographic and clinical characteristics and treat‑
ment outcomes. The anonymization of patient data is maintained, aligning with privacy regulations and ethical consid‑
erations. The BPDCN International Registry is registered on ClinicalTrials.gov under the identifier NCT05430971.

Fig. 1   International Distribu‑
tion of BPDCN Patients Across 
Countries and Centers



Vol:.(1234567890)

Research	  
Discover Oncology         (2025) 16:2211  | https://doi.org/10.1007/s12672-025-02433-2

The map illustrates the distribution of BPDCN patients across various countries. Darker shades represent a higher 
number of patients, lighter shades correspond to fewer patients. The scale starts with a minimum of 1 patient (light 
purple) and increases to the maximum number (bright yellow).

3 � Results

3.1 � Patient characteristics

Data from 36 patients (33 retrospective and 3 prospective) were analyzed based on our registry. 78% of patients were 
male, in keeping with the historical expectation of BPDCN. The median age at diagnosis was 63 years (range 4–97 years). 
Cutaneous lesions were present in 32 patients (89%), and CNS involvement was documented in only 1 patient (3%) 
(Table 1). Splenomegaly (> 14 cm) was detected in 10% of cases wither with ultrasound or CT scan.

3.2 � Complete blood count, bone marrow blast count, immunophenotyping, and/or immunohistochemistry

The complete blood count revealed that, at diagnosis, 67% of patients had anemia, 53% had thrombocytopenia, and 28% 
had leukopenia. Leukocytosis was observed in 14% of patients, with 42% having circulating blast cells in peripheral blood. 
Fifty-three percent had over 5% of blast cells in the bone marrow (Table 2). Immunophenotyping showed consistent 

Table 1   Clinical and biological 
characteristics of patients

Characteristics N (%) or Mean [Range]

Site(s)
 Skin 32
 Lymph Nodes 21
 Splenomegaly (over 14 cm) 10
 CNS 1

Complete blood count and bone marrow blast cells
 Hgb g/dL 10.7 [6.3–17.1]
 WBC 109/L 5.3 [2.0–29.2]
 PLT 109/L 83.0 [17.0–238.0]
 Blast cells % in peripheral blood 7 [0–90]
 Bone marrow blast cells% 55 [20–95]

Expression of BPDCN markers Positive cases N (%)
 CD123 (n = 32) 32 (100%)
 CD4 (n = 33) 33 (100%)
 CD 56 (n 34) 34 (100%)
 TCL (n = 5) 5 (100%)
 CD303 (n = 2) 2 (100%)
 CD2 AP (n = 3) 3 (100%)

Table 2   Response to first-line treatment

Treatment regimen Complete 
response, n

Partial response, 
n%

Response duration, 
median range), mo

Relapse rate, n (%) of 
CR patients

Allo-SCT, n (%) 
of CR and PR 
patients

ALL-like (n = 25)  20 (80%) 3 (12%) 5 9 (45%) 6(24%)
AML-like (n = 6) 3 (50%) 2(3%) 7 3 (100%) 1(20%)
Lymphoma-like (n = 2) 0 0 0 0 0
Clinical trial (n = 1) 1 1 9 1 1
Tagraxofusp (n = 2) 0 2 3 0 0
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positive expression for CD123 (100%) evaluated in 32 cases, CD4 (100%) in 33 patients, CD56 (100%) in 34 patients, TCL1 
(100%) in 5 patients, CD303 (100%) in 2 patients, and CD2 AP (100%) in 3 patients (Table 2).

The immunophenotyping results demonstrated the following findings: CD123 expression was examined in 32 cases, all 
of which were positive. CD123 expression was not evaluated for three patients, and data for one patient was unavailable. 
CD4 expression was assessed in 33 patients, all of whom tested positive. However, CD4 expression was not checked for 
three patients. CD56 expression was investigated in 34 patients, all of whom were positive, with no assessment for two 
patients. TCL1 expression was studied in only 5 patients, all of whom were positive. CD303 expression was assessed in 
two patients, both of whom tested positive, while CD2 AP expression was studied in three patients, all of whom showed 
positive results (Table 1).

3.3 � Conventional cytogenetic and molecular analysis

Karyotypes were obtained for six patients, revealing trisomy (n = 2), 46, XX, der, and (X; 5) (q28; p13) (n = 1) (Do you have 
the cytogenetics photo to add to the manuscript?), while the remaining three had normal karyotypes. Molecular analysis 
with PCR method was conducted in 6 patients. In 4 patients mutations were revealed in JAK 2 V617 F plus ASXL1 and TET2 
(n = 1), SRSF2(n = 2) and TET2(n = 1) genes. As the molecular analysis was performed in 6 patients and only 4 of them had 
mutations, we could not find out any relevance of these mutations to disease course and treatment results.

3.4 � Treatment response

In 25 patients (23 retrospective), the initial treatment involved an ALL-like regimen, resulting in 20 complete responses 
(CR), three partial responses (PR), and two with an unknown response, with overall response rates of 92%. Among 
the six patients (5 in CR, 1 in PR) who underwent allo-HSCT, three were alive in CR at the last contact, two died from 
non-relapse mortality following HSCT, and one was lost to follow-up. The median duration of response was 5 months. 
Within the ALL-based treatment group, 3 patients died from unknown causes (without disease progression) within 3–6 
months, 9 patients experienced relapse and received varied treatments, including AML-like regimen (n = 4) including 
azacytidine and venetoclax HAM (High Dose-Ara-C and mitoxantrone) (n = 1), palliative irradiation (n = 1), gemcitabine 
+ docetaxel followed by allo-HSCT (n = 1), and CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone) (n = 1). 
All patients died from disease progression except for one patient treated with HAM who experienced CR and was alive 
after 38 months at the last follow-up. The duration of the second response was evaluated in 5 patients, with a median 
of 11 months. In 6 patients (5 retrospective), initial treatment was based on an AML-like regimen, resulting in 3 CR, 2 PR, 
and one unknown response. The median duration of response was 6.5 months. The patient in PR underwent allo-HSCT 
and was alive at the last follow-up, six years after diagnosis.

Within the AML-based treatment group, 4 patients experienced relapse and received various treatments, including an 
ALL-like regimen (n = 1), tagraxofusp (TAG) (n = 1), and an AML-like regimen (n = 2). All patients died within 2 months after 
diagnosis from the progression of the disease. One patient was initially involved in a clinical trial and achieved PR with a 
duration of response of 9 months. After progression, the patient received six cycles of HyperCVAD (cyclophosphamide, 
vincristine, adriamycin, methotrexate, cytarabine, and dexamethasone) and underwent allo-HSCT. At the last follow-up 
(10 years after diagnosis) patient was alive in CR. In two patients, diagnosed after 2018, initial treatment was performed 
with tagraxofusp. One patient experienced PR for 2 months. Subsequently, treatment continued with an AML-like regi‑
men, resulting in CR. Unfortunately, the patient died from disease progression, and the duration of CR is unknown. The 
second patient experienced stable disease for 3 months, due to disease progression, the treatment was continued with 
AML-like regimen with partial response. The duration of response is unknown, with the patient lost to follow-up. (Table 2).

3.5 � Survival

At the last documented follow-up, ten patients from the retrospective cohort were alive. The median duration from the 
initial diagnosis to the last follow-up was 5 years, spanning from one to ten years. Five patients among this cohort were 
under the age of 18. Eight patients received treatment with an ALL-like regimen, one with AML-like regimen, and another 
was initially enrolled in a clinical trial. Five patients underwent allo-HSCT. Among the three prospective patients, one is 
currently in CR, while the data for the other two patients is unknown.
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3.6 � Adolescents and young adults with BPDCN

Studies showed that adolescents and young adults (AYA) often achieve better treatment outcomes compared to 
adults, particularly when pediatric treatment protocols are utilized. However, AYA patients frequently face distinct 
challenges, both in terms of psychosocial aspects and treatment-related side effects(12). In our cohort the number 
of AYA patients was nine, the median age was 11 years old, with a range from 3 to 19 years. Among them, there were 
four females, all exhibiting skin involvement, with four showing bone marrow infiltration and one affecting the CNS. 
Treatment was administered using ALL-based regimens. Of the nine patients, seven experienced complete responses 
to treatment, while one exhibited a partial response, and another had stable disease. Four patients underwent 
transplantation as part of their treatment strategy. Unfortunately, one patient passed away due to complications 
following transplantation, while another relapsed within nine months. Subsequently, treatment was continued with 
Azacitidine, but the patient died from the disease progression. The exact date of death for this patient is unknown. 
At the latest follow-up, seven patients were still alive, with a median follow-up duration of five years, ranging from 
one to seven years.

4 � Discussion

This comprehensive analysis of a 36-patient global cohort of BPDCN conducted by the Immune Oncology Research 
Institute sheds light on the heterogeneous nature of treatment regimens and the challenges associated with this rare 
and aggressive hematologic malignancy. Immunophenotyping results confirmed the triple-positive immunophe‑
notype (CD123 + CD4 +, CD56 +), of the majority of assessed patients, validating the utility of these markers in diag‑
nosis. Additionally, conventional cytogenetic and molecular analyses revealed mutations in JAK2 V617 F, ASXL1, and 
TET2 genes, underlining the genetic complexity of BPDCN. Treatment responses varied based on initial regimens, 
emphasizing ALL-like and AML-like approaches. Notably, Within the limits of this small series with a broad range of 
patient ages, intensive ALL-therapies appeared to result in better response rates and more durable responses.69% of 
patients were treated with ALL-like regimens and only 17% patients were treated with AML-like, due to small sample 
size it is difficult to evaluate the priority of ALL-like therapy, further research of more patients is needed to confirm 
this statement. However, a high relapse rate was observed, indicating the persistent challenges in achieving long-
term remissions. Efforts to improve outcomes include exploring allogeneic hematopoietic stem cell transplantation 
(allo-HSCT), particularly for those in first complete remission. However, given the median age of BPDCN patients 
(65–70 years), many are ineligible for allo-HSCT. The role of auto-HSCT is a subject of debate with no cases of auto-
HSCT noted within our retrospective series [10, 11].

In recent years, various novel and innovative therapies targeting surface molecules in BPDCN cells have been 
developed. These agents are either in clinical trials or in pre-clinical stages. In 2018, tagraxofusp became the first FDA-
approved drug for patients with previously untreated or relapsed/refractory BPDCN(15). Tagraxofusp is an interleukin 
3-diphtheria toxin recombinant fusion protein that targets CD 123, highly expressed on the surface of BPDCN cells 
(16). The first prospective multi-institutional study using tagraxofusp in BPDCN was conducted by Pemmaraju et al. 
The trial included 47 patients with BPDCN, 32 receiving tagraxofusp as a first-line therapy, while 15 received previous 
therapy. Among the 29 previously untreated patients, the overall response rate was 90%; 45% underwent stem-cell 
transplantation. Survival rates at 18 and 24 months were 59% and 52%, respectively. Among the 15 previously treated 
patients, the response rate was 67%, and the median overall survival was 8.5 months [12].

This dataset is subject to limitations frequent within rare diseases, including small sample size and potential biases 
in retrospective data collection. Despite these limitations, it is noteworthy to mention that this represents the first 
global initiative dedicated to collecting and analyzing BPDCN data on a worldwide scale.

In conclusion, the BPDCN International Registry Program serves as a critical initiative to consolidate data from vari‑
ous regions, fostering collaboration among researchers and clinicians globally. This study underscores the need for 
ongoing research efforts to confront the complexities of BPDCN, to improve diagnostic accuracy, and create uniform 
therapeutic strategies that can better be examined for efficacy. In addition to our ongoing effort with the registry, 
we have launched the BPDCN Global Network. It was initiated with the first lecture by the renowned Dr. N. Pem‑
maraju, who provided an in-depth review of BPDCN (https://​oncod​aily.​com/​blog/​15713.​html). Our agenda includes 

https://oncodaily.com/blog/15713.html
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the development of monthly meetings with case discussions and lectures by experts. Furthermore, we are actively 
planning to expand our registry to include the collection of specimens facilitating essential genetic and molecular 
testing to advance our understanding of the biology and development of therapeutic strategies for BPDCN.
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