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Blastic plasmacytoid dendritic cell neoplasm: First retrospective study in the 
Czech Republic 
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Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is a rare hematologic malignancy with aggressive behavior and 
poor prognosis. We present the first retrospective analysis mapping its incidence and therapeutic outcomes in patients 
diagnosed and treated from 2000 to 2017 in the Czech Republic. The cohort comprised 14 patients (10 males, 4 females) 
with a median age at diagnosis of 39 years (range, 5-68 years). Initially, skin involvement was noted in 10 (71%) patients 
and bone marrow infiltration was present in 9 (64%). The first complete remission was achieved in 6/14 (43%) patients 
after acute lymphoblastic leukemia/lymphoma induction therapy and in 3/14 (21%) patients after acute myeloid leukemia 
regimen. Nine patients underwent allogeneic hematopoietic cell transplantation, with two patients achieving the first 
complete remission only after allogeneic transplantation. Patients undergoing allogeneic hematopoietic cell transplanta-
tion had longer overall survival than those treated without transplantation (the median survival over the period 16.4 vs. 8.1 
months). Relapse of the disease was a significant predictor of mortality (p=0.05). Over the study period, patients’ survival 
ranged from 3.3 to 44.2 months, with a median overall survival of 13 months. Our results revealed an effectivity of allogeneic 
hematopoietic cell transplantation on complete remission achievement in refractory/relapsed disease. The study aimed to 
present the actual data from the Czech Republic and thus contribute to a global understanding of BPDCN. 
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Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is 
a rare hematologic malignancy with frequent primary skin 
involvement and coexpression of CD4 and CD56 [1]. The 
real incidence of the disease is unknown and is estimated at 
0.4% of all hematologic malignancies [2]. The median age at 
diagnosis is 60–70 years and the disease is up to three times 
more frequent in males [3]. Despite frequent initial indolent 
manifestation with skin involvement, the disease has a 
tendency to rapid systemic dissemination with infiltration of 
bone marrow and extramedullary organs. At diagnosis, skin 
involvement is manifested in most patients; however, in as 
many as 80% of patients, other organs are involved, namely 
bone marrow, lymph nodes, spleen, liver and CNS, especially 
during progression or relapse of the disease [4, 5].

The diagnosis of BPDCN has undergone many changes 
over the years but still remains problematic as other hemato-
logic malignancies may share some morphological and 
immunophenotypic features with BPDCN. The current 
diagnostic criteria are based on the 2016 WHO Classifica-
tion of Tumors of Hematopoietic and Lymphoid Tissues [6]. 
The diagnosis is characterized by coexpression of CD4 and 
CD56 with variable expression of other markers specific for 
dendritic cells, namely CD123, CD43, BDCA-2/CD303 and 
TCL1, with lack of expression of lineage-specific antigens for 
B and T cells, myeloid, monocytes and NK cells [7].

At present, there is no specific cytogenetic or molecular 
change pathognomonic for BPDCN. Frequent cytogenetic 
findings are complex karyotype changes with recurrent 
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aberrations on chromosomes 5q, 12p, 13q, 6q, 15q and 9 
[8, 9]. Patients with BPDCN may have a broad spectrum of 
molecular genetic changes including CDKN2A deletion and 
mutations of TET2, TP53 or FLT3, potentially used both for 
prognostic stratification and as therapeutic targets for novel 
drugs in the future [10–12].

Our knowledge of the treatment is based on retrospective 
analyses of cohorts published in the literature. Both guide-
lines and large prospective studies are still lacking. Analyses of 
treatment outcomes have shown higher complete remission 
(CR) rates and longer overall survival (OS) with induction 
chemotherapy for acute lymphoblastic leukemia (ALL-like 
therapy) followed by allogeneic hematopoietic cell transplan-
tation (HCT), compared to other induction or consolida-
tion chemotherapy regimens [13–15]. Despite initially high 
rates of CR induced by intensive chemotherapy, the disease 
frequently relapse and the median OS does not exceed two 
years [16, 17]. Allogeneic transplantation in the first CR in 
adults is of crucial importance for prolonging OS [18]. The 
first prospective clinical study of BPDCN patients showed 
the effectiveness of SL-401, a recombinant protein composed 
of diphtheria toxin fused to IL-3, with a response rate of 64% 
patients [19]. Other drugs like venetoclax and bortezomib 
are being tested as a potential treatment for BPDCN [20, 21].

The aims of the present study were to describe the disease 
etiology, clinical presentation and treatment outcomes in 
patients in the Czech Republic and to compare the obtained 
data with those in the literature.

Patients and methods

Patients. The study is a retrospective analysis of BPDCN 
cases diagnosed and treated in Czech hematology centers 
between January 1st, 2000 and December 31st, 2017. All 
university and regional hematology centers providing care 
to adult (18 centers) and pediatric (8 centers) patients in 
the Czech Republic were invited to study. The participating 
centers were asked to search their registries and databases 
to identify patients diagnosed with BPDCN. The Czech 
literature was searched to find previously published case 
reports from the Czech Republic as well. Another search was 
performed in DATOOL, a Czech Leukemia Study Group – 
for Life database containing data on acute leukemia cases in 
the Czech Republic, to find patients with acute leukemia and 
the BPDCN immunophenotype.

Inclusion criteria. The diagnosis of BPDCN was made 
by pathologists from the participating centers. A careful 
review of the reported cases was done. Inclusion criteria 
required coexpression of CD4 and CD56 with variable 
expression of other dendritic cell-specific markers (CD123, 
CD43, BDCA-2/CD303, TCL1 and LCA/CD45) in combina-
tion with the negativity of lineage-specific antigens. Cases 
with isolated coexpression of CD4 and CD56 with no other 
dendritic markers were included if negativity for strong B 
(CD19 or CD10/CD20/CD22/CD79a) and T (CD3) lineage, 

myeloid and monocytic (myeloperoxidase, nonspecific 
esterase, CD11c, CD14, CD64 or lysozyme) markers were 
proved. Because of retrospective study design and long study 
period, not all currently known markers were examined in 
all patients at the time of diagnosis. All the reported cases 
met the current criteria for diagnosing BPDCN according 
to 2016 WHO Classification of Tumors of Hematopoietic 
and Lymphoid Tissues [6, 22]. The study comprised 14 cases 
reported by the hematology centers, of whom three had been 
published as case reports in Czech literature. In 2003, 2007, 
2013, 2015 and 2017, one case each was reported; there were 
two cases in 2009 and three in 2014. As many as four BPDCN 
cases were noted in 2016. For all identified cases, their anony-
mized demographic data, medical history, clinical picture 
and baseline laboratory parameters, histological and immun-
ophenotypic profiles of the malignancy at diagnosis, therapy 
administered and treatment outcomes were retrieved. All 
patient data were obtained and analyzed in accordance with 
the Declaration of Helsinki, Czech legislation and conditions 
set by the participating centers, including informed consent.

Initial staging. The degree of clinical manifestation of 
BPDCN was assessed as skin involvement and extracuta-
neous involvement of the spleen, liver, lymph nodes, bone 
marrow (± peripheral blood), CNS and other organs. Cases 
with the involvement of two or more organ systems were 
considered as a generalized disease. The diagnosis of acute 
leukemia with the BPDCN immunophenotype was made if 
the blast count in bone marrow was at least 20%. For infiltra-
tion of the CNS and peripheral blood, the number of circu-
lating blasts was not of key importance. Comorbidities were 
defined as diseases and conditions listed in the Hematopoi-
etic Cell Transplantation – Comorbidity Index [23]. Diseases 
and conditions not listed there were considered insignificant.

Therapy and treatment response assessment. Based on 
primary indication, the administered therapy was classi-
fied into ALL/lymphoma-like (regimens for treating acute 
lymphoblastic leukemia and lymphoma), AML-like (regimens 
for treating acute myeloid leukemia) and HD-AraC-like in 
the HAM regimen (high-dose cytarabine and mitoxantrone) 
used to treat lymphoid and myeloid malignancies. Supportive 
care during therapy was provided in accordance with the 
standards of the participating centers. Therapeutic response 
was defined as CR with the disappearance of all signs of the 
disease detectable by clinical, laboratory and imaging exami-
nations. In the case of initial bone marrow involvement, the 
therapeutic response was evaluated using the 2017 European 
LeukemiaNet recommendations for AML [24]. In patients 
with skin or other organ involvement, the response was 
classified as CR, partial remission (PR), stable disease (SD) 
or progressive disease (PD) according to modified criteria 
for non-Hodgkin lymphomas established by Cheson et al. 
[25]. Relapse was defined as any new signs of the disease 
detected by clinical, laboratory or imaging examinations in 
a patient who had already achieved complete remission. In 
the study, OS was defined as the time from diagnosis to the 
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last contact with the patient or until December 31st, 2017 
(end of the study observation period) in patients with the 
last documented contact in 2018. The duration of the first CR 
was defined as the time from the achievement of the first CR 
to relapse or the end of the observation period for patients in 
the first CR.

Statistical methods. Despite the apparent limitations 
due to the small sample size, statistical analysis to compare 
discrete variables was carried out using Fischer’s exact test in 
a four-fold contingency table. The level of statistical signifi-
cance in the tests was set at p=0.05. With a small sample size, 
statistical analysis is limited by the fact that some existing 
phenomena may not be expressed sufficiently.

Results

The analyzed cohort consisted of 14 patients with a 
median age at diagnosis of 39 years (range, 5–68 years). 
There were three pediatric patients aged 5, 8 and 16 years. 
The cohort comprised 10 males with a median age of 47 years 
(range, 5–68 years) and four females with a median age of 27 
years (range, 8–68 years). Prior to BPDCN diagnosis, none 
of the patients were treated for other malignancies. When 
being diagnosed with BPDCN, one patient was suspected of 
having synchronous gynecological cancer. However, given 
her advanced hematological malignancy with an adverse 
course, the patient’s suspicious gynecological neoplasm was 
not histologically confirmed.

Clinical picture. The extent of involvement at BPDCN 
diagnosis varied considerably across the patients. Character-
istic skin involvement was initially present in 10/14 (71%) 
patients. Purely cutaneous manifestations of the malignancy 
at diagnosis was observed in only four (29%) patients. The 
character and extent of skin lesions were rather hetero-

geneous (papules, nodules, ulcerations), with six patients 
initially having localized skin involvement (of whom three 
had leg skin lesions) and generalized skin lesions being 
reported in four patients. Bone marrow infiltration by blast 
cells was noted in 9/14 (64%) patients. In one case, the disease 
was initially manifested as acute leukemia with the BPDCN 
immunophenotype and no other extramedullary involve-
ment. Blasts were present in the peripheral blood of eight out 
of the nine patients with bone marrow infiltration. In 6/14 
(43%) of patients, the liver and/or spleen or lymph nodes 
were initially enlarged. None of the patients had isolated 
liver or lymph node enlargement at diagnosis. In only one 
patient, cerebrospinal fluid infiltration by blast cells was 
initially detected (cerebrospinal fluid of three patients was 
not initially examined). Nine (63%) patients were initially 
diagnosed with the generalized disease. Involvement of the 
jejunum, nasopharynx or lungs was reported in one patient 
each. Table 1 shows the extent of involvement at diagnosis 
and the first relapse in the patient cohort.

Morphology and immunophenotype profile. The 
morphological features of blast cells in histological samples 
were rather heterogeneous. Morphologically, BPDCN cells 
were described as medium-sized to large, with delicate 
cytoplasm, often resembling poorly differentiated myeloblasts 
or lymphoblasts. Therefore, a definitive diagnosis required 
immunohistochemistry. With bone marrow involvement, 
normal hematopoiesis was suppressed or residual. Skin 
lesion samples often exhibited massive blast cells infiltration 
into the dermis with perivascular spread and no infiltration 
into the epidermis.

In all patients, the diagnosis was made based on charac-
teristic immunohistochemistry or flow cytometry profiles 
in the samples. The diagnostic samples in the patient cohort 
are listed in Table 1. For BPDCN diagnosis in all patients, 

Table 1. Extent of involvement at diagnosis, first relapse and diagnostic sample.

Pt Age/gender
Extent of involvement at diagnosis

Diagnostic sample Site of the first relapse
Skin Lymph 

Nodes
Liver/ 
spleen

Bone  
marrow Other

1 18F – – – + – BM BM, gingivae
2 35F – – + + – BM –
3 5M + + + + CSF BM CSF
4 8F + – – – – skin –
5 16M – + + – lungs LN BM
6 68F + – + + – skin –
7 51M + + – + jejunum BM NS
8 34M + – – + – BM, skin –
9 52M – + – + nasopharynx BM, nasopharynx –
10 43M + + + + – BM, skin NS
11 56M + + + + – BM skin, BM
12 68M + – – – – skin –
13 22M + – – – – skin –
14 64M + – – – – skin skin

F – female, M – male, CSF – cerebrospinal fluid, BM – bone marrow, LN – lymph node, NS – not stated
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mosaicism – trisomy and tetrasomy 8, and translocation 
(6;8)(p21.1;q24) idic (7) were detected in one patient each. 
Translocation (6;8) was identified in another patient as 
part of complex chromosomal changes. Complex karyo-
type (3 ≥ aberrations in a single clone) was reported in 
two patients. Molecular biology examination using PCR 
was conducted in 10 patients. The range of examinations 
performed in individual patients was rather varied, mainly 
including molecular markers typical for myeloid malignan-
cies. Mutation in the FLT3 gene was not present in 5/6 patients 
with available examinations. One patient had FLT3-Asp835 
and NPM1 mutations, together with trisomy 8. Mutation in 
the NPM1 gene was absent in another three patients with 
available tests. In 3/14 (21%) patients, a mutation in the 
WT1 gene was found. Table 3 clearly shows cytogenetic and 
molecular biology findings in individual patients.

Therapy and follow-up. All patients were treated with 
curative intention; initially, no patient received symptom-
atic therapy only. In 13 patients with available time data, the 
median time from diagnosis to treatment initiation was 4 
days (range, 2–112 days). The upper range of the limit, 112 
days, pertains to a patient who initially refused treatment. In 
a patient with pulmonary aspergillosis present initially, the 
time to therapy initiation was 43 days.

The first-line therapy (induction) according to proto-
cols for acute lymphoblastic leukemia/lymphoma (ALL/
lymphoma-like) was used in 10 patients. Of those, six 
achieved CR, two patients had stable disease and another 
two patients progressed on therapy (PD).  Both patients 
initially treated according to protocols for AML achieved 
CR. One patient treated with a high-dose cytarabine protocol 
(HD-AraC-like) achieved CR with incomplete hematopoi-
etic recovery (iCR) and another one had SD. As many as 
9/14 (64%) patients achieved CR after first-line therapy (of 

coexpression of CD4 and CD56 and the absence of lineage-
specific markers were crucial. Expressions of other markers 
supporting the diagnosis of BPDCN in accordance with 2016 
WHO recommendations were only selectively studied. In the 
tumor cells of all patients tested for CD123 and CD43, expres-
sion was confirmed. Leukocyte common antigen (LCA) was 
detected in 6/7 (87%) patients with available tests. CD303 
(BDCA2) and TCL1 expressions were not investigated in any 
patients. Table 2 shows the immunohistochemistry profiles 
of BPDCN in individual patients.

Laboratory findings. Blood count results at diagnosis 
were available for 13 patients. In those with bone marrow 
infiltration (9/14 patients), anemia (median hemoglobin 
114; 45–127 g/l) and thrombocytopenia (median 67; 
24–251×109/l) with variable leukocytosis (≥10×109/l) 
dominated the peripheral blood. Leukocytosis (median 23.2; 
18.0–68.6×109/l) was present in 5/9 (56%) patients with bone 
marrow involvement. Blasts in the peripheral blood were 
present in 8 patients; in one case, bone marrow infiltration 
was only detected in a trephine biopsy specimen with no 
presence of blasts in the peripheral blood. In patients without 
bone marrow infiltration, blood count values were normal for 
age and gender; the only exception was a child with adeno-
megaly, hepatosplenomegaly and lung involvement who was 
initially reported to have pancytopenia. The median CRP at 
diagnosis was 16 (1–190) mg/l (normal value was defined 
<5 mg/l). Infectious complications (invasive aspergillosis) 
were initially diagnosed in one patient with a history of 
prolonged neutropenia (CRP at diagnosis 29 mg/l). Table 3 
shows selected laboratory findings at diagnosis.

Genetic profile. Karyotyping was performed at diagnosis 
in 11/14 (79%) patients. Normal karyotype was found in 5/14 
(36%) patients. Structural or numerical changes in chromo-
some 8 were reported in 4/14 (29%) patients. Trisomy 8, 

Table 2. Immunohistochemistry profiles of BPDCN at diagnosis.

Pt.
Common BPDCN markers Myeloid, B and T-lymphoid lineage specific markers

CD4 CD56 CD43 CD123 CD45 CD303 TCL1 MPO CD19 CD22 CD3
1 + + ND ND ND ND ND – – – –
2 + + ND + ND ND ND – – – –
3 + + ND ND ND ND ND – – – –
4 + + + ND + ND ND – – ND –
5 + + + ND + ND ND – – ND –
6 + + ND ND + ND ND – ND ND –
7 + + ND + ND ND ND – – ND ND
8 + + + + ND ND ND – – – –
9 + + + + ND ND ND – – – –
10 + + ND + ND ND ND – – – –
11 + + ND + + ND ND – – – –
12 + + + ND + ND ND – – ND –
13 + + + ND + ND ND ND ND – –
14 + + ND + – ND ND – – – –

Pt. – patient, ND – not done, MPO – myeloperoxidase, TCL1 – T-cell leukemia/lymphoma protein, + present marker (≥ 10%), – absent marker (< 10%)
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those, one achieved iCR only). Stable disease was achieved 
in 3 patients and 2 others had PD. As prophylaxis of CNS 
involvement, a combination of cytarabine, methotrexate, and 
dexamethasone were intrathecally administered to seven 
patients and methotrexate alone to two patients, in accor-
dance with relevant protocols in the first-line therapy.

The second-line therapy (reinduction) was adminis-
trated to patients not achieving CR after induction. Among 
six patients who failed to achieve CR after the first-line 
therapy (including one with iCR), five received reinduc-
tion; the remaining patient with PD received symptom-
atic, palliative care only. In the second-line therapy setting, 
one patient received ALL/lymphoma-like reinduction 
with a duration of SD, two patients underwent AML-like 
reinduction with one CR and one SD. Patient with iCR after 
first-line therapy achieved CR after allogeneic HCT in the 
second-line therapy. Radiotherapy was used in one patient 
with the achievement of PR. After second-line therapy, 10 
(71%) patients were in CR, two had SD, one patient was in 
PR and another one had PD. Three patients never achieved 
CR in the course of their therapy.

A total of nine patients underwent allogeneic HCT 
including one patient who was transplanted twice. Of the 

10 allogeneic HCTs, six were performed after myeloablative 
conditioning and four after reduced-intensity conditioning. 
No patient underwent autologous HCT. Of the 10 alloge-
neic HCTs, three were from the related donors (one being 
haploidentical) and seven from unrelated donors, with the 
matches being 10/10 and 9/10 in three cases each and only 
8/10 HLA alleles in one case. Before the first allogeneic HCT, 
five patients were in CR (including one with iCR), two were 
in the first relapse and two had SD. Following the first alloge-
neic HCT, nine patients were in CR. The second HCT was 
performed in a 5-year-old patient for the second isolated 
relapse of the disease in the bone marrow after the first 
allogeneic HCT. Prior to the second HCT, the third remis-
sion was achieved with clofarabine.

The relapse of the disease after the initial treatment 
response was noted in seven patients. Of those, two experi-
enced two relapses and one patient even three relapses. At 
first relapse, skin involvement was present in two patients, 
in one case in combination with bone marrow infiltration. 
Bone marrow with gingival infiltration and bone marrow 
alone and CNS involvement were seen in one patient each. 
In two patients, no relapse site was stated. The second relapse 
was noted in 3 patients (in two cases bone marrow and one 

Table 3. Laboratory findings, cytogenetics and molecular biology at BPDCN diagnosis.

Patient
WBCs Hemoglobin Platelets Blasts (PB/BM) CRP

Cytogenetics Molecular biology
×109/l g/l ×109/l % mg/l

1 3.8 88 37 30/63 5 ND ND
2 23.2 114 89 61/90 3 46,XX FLT3-, NPM1-, DNMT3A-

3 68.6 119 67 65/85 8 CK RUNX1∕RUNX1T1-, CBFB-
MYH11, PML/Rara-, FLT3/ITD-

4 4.8 125 290 0/0 6 46,XX MLL-, ETV6-
5 3.0 77 66 0/0 55 46,XY MLL-, FLT3/ITD-

6 0.7 73 86 0/66 29
47,XX(+8)/
48,XX(+8)

ND

7 41.5 45 64 38/60 16 48,XX(+8)
NPM1+,
FLT3-Asp835+

8 1.7 116 103 4/86 28 45,XY(-9)

WT1 +, 
PML/Rara-, 
AML1-ETO, 
CBFB-MYH11-,
FLT3/ITD-

9 3.5 88 47 16/88 29 ND WT1+

10 18.0 123 24 75/64 190
46,XY,

t(6;8)(p21.1;q24),idic 
(7)

WT1+, NPM1-

11 23.0 127 251 43/52 60 46,XY TP53-, WT1-, CEBPA-, FLT3, 
NPM1-

12 8.5 172 243 0/0 3 46,XY JAK2 (V617F)-
13 5.1 164 332 0/0 1 CK ND
14 ND ND ND 0/0 ND ND ND
Median 5.1 116 86 41*/66* 16 --- ---

WBCs – white blood cells, PB – peripheral blood, BM – bone marrow, CRP – C-reactive protein, ND –not available/done, CK – complex karyotype (≥3 
aberrations), *only calculated for patients with blasts detected
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patient with skin involvement). The third relapse was seen 
in a 5-year-old patient with systemic disease dissemination 
(bone marrow, skin, CNS). Table 1 provides information of 
involvement at the first relapse in the patient cohort. The first 
relapse was treated with AML-like therapy in two patients 
(one achieved CR) and allogeneic HCT in another two (both 
achieved second CR). Another patient achieved the second 
CR after ALL/lymphoma-like therapy. Two patients died 
of disease progression. In the second relapse one patient 
received only palliative care. The 5-year-old patient achieved 
third CR after clofarabine, but underwent third relapse soon 
with just palliative care. Radiotherapy to treat BPDCN was 
used in only three patients (for skin involvement in two 
patients and for the CNS in one patient with relapse). Table 4 
provides an overview of treatment in the patient cohort.

Over the study period, patients’ survival ranged from 3.3 
to 44.2 months, with a median OS of 13 months. Initially, 
generalized disease and bone marrow involvement were not 
associated with higher mortality (p=0.20). Patients under-
going HCT had longer OS than those who were not trans-
planted (the median survival over the period 16.4 vs 8.1 
months). However, allogeneic HCT did not have a significant 
effect on mortality reduction over the study period (p=0.62). 
The first remission lasted for a median of 12.2 months (range, 
1.0–42.7 months). Disease relapse was a significant predictor 
of mortality (p=0.05). As of the day of the assessment, five 
patients were alive, of whom four were in CR and one had 

PR. A total of seven patients died of disease progression and 
two patients died of post-transplant complications (both 
were in CR). Figure 1 provides an overview of the patient 
cohort.

Discussion

This is the first study on BPDCN in the Czech Republic. 
The limitations are the retrospective study design and gener-
ally rare incidence of the disease with only several cases being 
reported each year. Of the 14 patients, ten were diagnosed in 
the last five years (2013–2017) of the study, suggesting that 
the disease was underdiagnosed in the previous time period 
(2000–2012). The reasons may be repeated changes of its 
name and diagnostic criteria as well as lower availability of 
immunohistochemistry and flow cytometry tests or data in 
registries and databases of individual centers. In the present 
study, the median age at diagnosis was 51 years (excluding 
pediatric patients). Similarly, in a US study, the median age 
at diagnosis (in patients over 20 years of age) was 52 years 
(range, 20–93 years) [17].

Most frequently, the first symptoms that make patients 
seek medical help are skin lesions or manifestations 
stemming from the lack of blood cells due to the bone 
marrow infiltration. The extent and character of skin lesions 
may vary greatly; both solitary and disseminated red to 
purplish nodules, papules or bruises have been reported [3, 

Table 4. Overview of therapy and overall survival.

Pt. Treatment lines and achieved results
OS

(months)
1 1st line: CHOP (SD) → 2nd line: Alemtuzumab (SD) → 1st alloHCT (1st CR) → 1st relaps: AraC+Mito (PD) → death   11.8
2 1st line: 7+3 (daunorubicine) (1st CR) → 1st alloHCT (1st CR) → end of FU (1st CR) 18.3
3 1st line: AML BFM 2004 (1st CR) → 1st relaps: AML BFM 2004, RT CNS (2nd CR) → 1st alloHCT (2nd CR) → 2nd relaps: clofarabine (3rd CR) 

→ 2nd alloHCT (3rd CR) → 3rd relaps: palliative care → death 36.7

4 1st line: AIEOP BFM ALL 2009 (1st CR) → end of FU (1st CR) 44.2
5 1st line: ALCL 99/AIEOP BFM ALL 2009 (PD) → 2nd line: AML BFM 2012 (SD) → 1st alloHCT (1st CR) → 1st relaps: palliative care → death 9.2
6 1st line: CHOP (PD) → death 5.5
7 1st line: hyperCVAD (1st CR) → 1st relaps: 1st alloHCT (2nd CR) → death (TRM) 13.1
8 1st line: HAM (1st iCR) → 2nd line: 1st alloHCT (1st CR) → death (TRM) 16.4
9 1st line: HAM (SD) → 2nd line: EIHA (1st CR) → 1st alloHCT (1st CR) → end of FU (1st CR) 42.7
10 1st line: hyperCVAD (1st CR) → 1st relaps → death 3.3
11 1st line: hyperCVAD (1st CR) → 1st relaps: 1st alloHCT(2nd CR) → 2nd relaps: palliative care → death 5.6
12 1st line: CHOEP (SD) → 2nd line: RT (PR) → end of FU (PR) 8.1
13 1st line: GMALL (1st CR) → 1st alloHCT (1st CR) → end of FU (1st CR) 35.1
14 1st line: CHOP (1st CR) → 1st relaps: MINE, ESHAP (2nd CR) → 2nd relaps: RT, MTX → death 22.0

Pt. - Patient, OS - overall survival, treatment result is listed in the brackets: CR - complete remission, iCR - complete remission with incomplete hematopoi-
etic recovery, PR - partial remission, SD - stable disease, PD - progressive disease, RT - radiotherapy, alloHCT- allogeneic hematopoietic cell transplanta-
tion, TRM - treatment-related mortality 
Chemotherapy regimen abbreviations: CHOP - cyclophosphamide, hydroxydaunorubicine, vincristine, prednisone; AraC - cytarabine; Mito - mitoxan-
trone; 7+3 - cytarabine, daunorubicin; MTX - methotrexate; AML BFM 2004/ AML BFM 2012 - Berlin-Frankfurt-Münster group protocol for children and 
adolescent acute myeloid leukemia, AIEOP BFM ALL 2009 - Berlin-Frankfurt-Münster group protocol for children and adolescent acute lymphoblastic 
leukemia,  ALCL 99 - protocol for childhood anaplastic large cell lymphoma, EIHA - etoposide, idarubicine, cytarabine; HAM - cytarabine, mitoxan-
trone; HyperCVAD - cyclophosphamide, vincristine, doxorubicine, dexamethasone; CHOEP - cyclophosphamide, doxorubicine, etoposide, vincristine, 
prednisone; ESHAP - etoposide, methyprednisolone, cytarabine, cisplatin; GMALL - The German Multicentre Study Group for Adult ALL protocol; MINE 
- ifosfamide, mesna, mitoxantrone and etoposide; For more details please see original chemotherapy treatment schedules.
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6, 13]. The condition must be considered in case of atypical 
skin manifestations inadequately responding to the treat-
ment; therefore, other signs must be sought (particularly 
changes in the blood count) and histological examination 
ordered in time [26]. In the relatively small patient sample 
in the present study, atypical sites were involved, namely the 
jejunum, nasopharynx, lungs, and gingivae at relapse. Our 
results are consistent with previously published cohorts 
describing the involvement of extramedullary sites as pleural 
fluid, paranasal cavities, soft tissues and CNS particularly 
in relapse, suggesting the possibility of involvement of any 
tissue with BPDCN [4, 9, 14].

A sufficiently wide range of immunophenotyping tests 
may contribute to the early identification of BPDCN patients 
and, at the same time, to distinguishing conditions with a 
partly identical immunophenotyping profile, that is, extra-
nodal CD56+ NK/T-cell lymphoma, cutaneous T-cell 
lymphoma or acute leukemia difficult to classify [1]. In their 
analysis of 91 patients, Julia et al. showed a highly specific 
positivity of at least four of the markers CD4, CD56, CD123, 
TCL1, and CD303 for diagnosing BPDCN [27]. All patients 
in our study tested for CD4, CD56, CD43, and CD123 
expression were positive, which confirms usefulness in the 
diagnosis of BPDCN. Initial assays to detect the presence of 
CD123 (interleukin-3-receptor-alpha) may, in addition to 

the diagnosis, identify patients potentially benefiting from 
treatment with the conjugated antibody SL-401 [19].

In the present study, four patients (29%) were found to 
have chromosome 8 aberrations. In previously published 
samples, the 8q24/MYC rearrangement associated with 
translocation (6;8)(p21;q24) has been repeatedly reported, 
potentially representing the first genetically defined BPDCN 
subgroup [28, 29]. Other signaling pathways involved in 
the pathogenesis of BPDCN remain a subject of intense 
research. Important findings are both high BCL-2 expression 
in BPDCN and the fact that in in vitro models, response to 
venetoclax was not affected by the mutational status of other 
genes [30]. Understanding the genetic mutations is essen-
tial for research on the disease and development of targeted 
drugs, as well as for their use as markers in the monitoring of 
minimal residual disease.

The reported patient cohorts showed higher CR rates 
achieved with intensive chemotherapy for induction ALL 
treatment and generally better survival in patients receiving 
allogeneic HCT [9, 13, 26]. Similar results, with patients 
benefiting from an intensive therapeutic approach, were 
noted in the present study. Nine out of 14 (64%) patients 
achieved CR (including one iCR) after the first cycle of treat-
ment. The use of protocols for ALL with a broader spectrum 
of cytostatic drugs in the first chemotherapy cycle appears 

Figure 1. Overview of the patient cohort. Each row represents a single patient.  Rows are ordered according to the length of follow-up. Grayscale repre-
sents the various possible states of the patients (see the legend). The text string on the left codes for all the patient characteristics in the following way: 
[sex][age][generalized disease][allogeneic bone marrow transplantation][bone marrow involvement][death] Legend: M – male, F – female, patient 
age (years), 1 = yes / 0 = no, + patient died in the study period, FU – follow up; For example, the most upper patient is coded as F8(000) which means a 
female patient aged 8 years at diagnosis, generalized disease = no, allogeneic bone marrow transplantation = no, bone marrow involvement = no, the 
patient was alive at the end of follow-up.
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to be more reasonable than protocols for AML therapy. 
However, given fact that the disease originates in the myeloid 
precursor, administration of medium/high-dose cytarabine 
analogous to AML treatment is justified [1]. Another effec-
tive cytostatic drug seems to be idarubicin, which proved 
even more effective than SL-401 as monotherapy in in vitro 
models [31]. According to Poret et al., BPDCN therapy 
should be based on a protocol combining methotrexate, 
idarubicin, L-asparaginase and dexamethasone, that is, drugs 
that proved effective in retrospective analyses [16]. 

Performing allogeneic HCT in the first complete remis-
sion has a significant impact on prolonging overall survival 
as compared to patients transplanted outside remission [15, 
32]. In the present study, however, all patients receiving 
allogeneic HCT during non-CR state of disease (2× SD, 2× 
relapse and one patient with iCR) achieved CR after the 
transplantation. Allogeneic HCT represents potentially 
effective salvage therapy in patients with relapsing/refractory 
disease, good general condition and unavailable therapy in 
clinical studies which, however, should be preferred in these 
patients. Autologous HCT may be an alternative to consoli-
dation therapy in patients unable to undergo allogeneic HCT 
or if a suitable donor is not available [33].

The CNS involvement was noted only in one patient at 
diagnosis, interestingly blasts were proved in cerebrospinal 
fluid during the first and third, but not the second relapse 
of BPDCN in this patient. Persistence of the blast cells in 
cerebrospinal fluid, particularly in patients with refractory 
or relapsing disease, cannot rule out inadequate transport 
of systemic chemotherapy across the blood-brain barrier. 
Therefore, initial cerebrospinal fluid examination and intra-
thecal prophylaxis should be included in the initial treat-
ment protocol [1, 9, 14]. Low incidence of CNS involvement 
at first relapse in our cohort may be due to high propor-
tion of patients (12/14) treated in the first-line according 
to ALL/lymphoma-like protocols and HD-AraC-like proto-
cols containing high-dose cytarabine and methotrexate 
with good penetration across blood-brain barrier as well 
as intrathecal application of the chemotherapy as prophy-
laxis of CNS involvement at diagnosis in 9/14 patients. 
Martín-Martín et al. reported significantly more frequent 
CNS involvement in patients with bone marrow infiltration 
(≥20% of blasts) [34]. Although bone marrow infiltration 
was seen in 9/14 patients CNS involvement was infrequent 
in our cohort.

Non-intensive therapeutic approaches, such as excision 
of an isolated lesion, focal radiotherapy, corticosteroids, and 
low-dose chemotherapy may represent palliative treatment 
modalities in patients unable to undergo intensive therapy, 
with a median survival of 6–9 months [4, 18].

The published data suggest a better prognosis in child-
hood [13]. The core treatment for BPDCN in children should 
be ALL-like chemotherapy with prophylaxis of CNS involve-
ment and HCT is indicated in patients with relapse or only 
partial response to the first-line therapy [35]. The only long-

term CR without HCT was observed in an 8-year-old patient 
after protocol for children ALL. All adult patients with long-
term CR underwent HCT, which advocates the role of HCT 
in adults.

As an aggressive hematologic malignancy, BPDCN is 
initially relatively sensitive to chemotherapy, with 60–90% 
of patients achieving a complete remission of their disease 
[4, 6]. However, there is still a high percentage of relapses 
with only short median survival and considerably limited 
therapeutic options due to rapid systemic dissemination. 
Despite advances in the diagnosis and treatment of BPDCN, 
the prognosis of most patients remains unfavorable, with a 
median survival of several months or, rarely, several years 
in those receiving allogeneic transplantation. The therapy is 
limited by the development of the disease in elderly patients 
often unable to undergo intensive salvage therapy or alloge-
neic HCT. Therefore, a prerequisite for further improvement 
of prognosis will be the development of novel effective drugs 
with acceptable toxicity also suitable for elderly patients 
with comorbidities. Given the low incidence of the disease, 
international registries and cooperative groups will have to 
be established to allow further advances in the diagnosis, 
classification, and treatment of BPDCN. To improve treat-
ment outcomes, a more detailed understanding of the 
disease biology will be essential, together with the study of 
the signaling pathways and development of novel targeted 
drugs. Because of the rare incidence of the disease and 
thus a lack of prospective studies, the retrospective analysis 
continues to be crucial for assessing the biology and therapy 
of BPDCN.
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