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Background
Blastic plasmacytoid dendritic cell neoplasm is a rare malignancy that typically follows a highly
aggressive clinical course in adults, whereas experience in children with this disease is very lim-
ited.

Design and Methods
This retrospective study analyzed the pathological and clinical findings of nine cases of blastic
plasmactyoid dendritic cell neoplasm presenting in patients under the age of 18 years who were
reviewed at our institution. We also identified 20 well-documented additional pediatric cases
in the literature.

Results
In the combined analysis, the overall survival rate among the 25 patients with available follow-
up, all having received chemotherapy, was 72% (follow-up ranging from 9 months to 13 years,
with a median of 30 months). The event-free survival rate was 64%. Nine patients were alive
5 years after the original diagnosis, although only three of them had undergone hematopoietic
stem cell transplantation – one in first complete remission and two in second remission. Of the
seven patients who lacked cutaneous disease at presentation, 100% survived, including five
who were alive more than 5 years after diagnosis, although only two had undergone stem cell
transplantation. Among the 18 patients who presented with cutaneous disease and for whom
follow-up data were available, only 11 survived (61%). Detailed immunophenotypic character-
ization and clinical features of all cases are presented. Unexpectedly, three of four cases of blas-
tic plasmacytoid dendritic cell neoplasm tested showed focal positivity for S-100. S-100 was
negative in 28 cases of acute myeloid leukemia evaluated for this marker.

Conclusions
In contrast to adult cases, in which long-term survival depends on stem cell transplantation in
first complete remission, blastic plasmacytoid dendritic cell neoplasms in children are clinically
less aggressive. Treatment with high-risk acute lymphoblastic leukemia-type chemotherapy
appears to be effective, and stem cell transplantation may be reserved for children who relapse
and achieve a second remission. Outcomes were more favorable in cases that lacked cutaneous
disease at presentation, although a comparison of cutaneous and non-cutaneous cases might be
confounded by differences in treatment regimens. Focal expression of S-100 may be seen in
concert with other markers of plasmacytoid dendritic cells.

Key words: blastic plasmacytoid dendritic cell neoplasm, CD4+/CD56+ hematodermic neo-
plasm, pediatric, acute myeloid leukemia, acute lymphoblastic leukemia, stem cell transplant,
S-100, immunophenotyping, dendritic cells.
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Introduction

Blastic plasmacytoid dendritic cell neoplasm (BPDCN)
is an extremely rare subtype of acute leukemia and was
formerly known as blastic natural killer (NK)-cell lym-
phoma and CD4+/CD56+ hematodermic neoplasm.1-5
Once postulated to originate from NK-lineage precursors,
accumulating phenotypic, functional, and genetic evi-
dence has pointed to its derivation from hematopoietic
precursors with commitment to the plasmacytoid den-
dritic cell lineage.6-11 While their role in antigen presenta-
tion has been debated, plasmacytoid dendritic cells serve
as a principal source of type I interferons and have been
implicated in a wide variety of immune functions, includ-
ing antiviral immunity, antitumor immunity, and periph-
eral tolerance.12-13 The precise developmental pathway of
plasmacytoid dendritic cells is somewhat controversial,
but current evidence favors derivation from a common
macrophage and dendritic cell precursor.14-15
Due to its rarity and only recent recognition as a dis-

tinct clinicopathological entity, no standardized therapeu-
tic approach has been established for BPDCN. Reimer et
al. published the most comprehensive retrospective study
to date on the treatment and outcome of BPDCN, then
called CD4+CD56+ malignancy, studying 91 previously
published cases as well as six additional patients.16 The
authors concluded that, with a median survival of only 13
months and generally poor prognosis, high-dose
chemotherapy/radiotherapy followed by allogeneic stem
cell transplantation (SCT) performed in first complete
remission offered the highest curative potential.
However, only four children were included in that study,
as BPDCN predominantly affects older adults. A more
recent study advocating the use of SCT for this disease
included only one pediatric case among a total of 47
patients.17
The pediatric experience with BPDCN is especially lim-

ited, with only a few case reports and small collections of
cases described in the literature.1,2,11,18-31 Historical review of
cases is somewhat problematic since recently validated
plasmacytoid dendritic cell markers were not routinely
tested in the past. Recently identified key markers include
CD123, the interleukin-3 receptor α chain, which is
strongly expressed in BPDCN and is amenable to
immunohistochemical detection on formalin-fixed tis-
sue,7,8 T-cell leukemia/lymphoma 1 (TCL1),32,33 blood den-
dritic cell antigen-2 (CD303/BDCA-2),28,34 and CD2-associ-
ated protein (CD2AP).10 As CD56 expression may be non-
specific, the former diagnostic category of blastic NK-cell
lymphoma also encompassed cases of true precursor NK-
cell malignancy and primitive hematopoietic malignancies
of other lineages, such as acute monocytic leukemia,
which are diseases that might behave differently. 
We now report nine cases of pediatric BPDCN, the

largest such series described to date. Older cases were re-
evaluated with CD123, CD303/BDCA-2, TCL1, and
CD2AP immunohistochemistry for confirmation of the
diagnosis. A comprehensive and critical literature search
identified 20 additional cases of BPDCN presenting in
children. The objectives of this study were to determine
optimal therapy for this exceedingly rare disease based on
the accumulated clinical data that are available, and also
to compare cases with the typical cutaneous presentation
to leukemic variants lacking cutaneous involvement at
presentation.

Design and Methods

Case selection
Cases were identified from the hematopathology consultation

files of the National Cancer Institute (NCI), Bethesda, MD, USA,
between 1996 and 2009. This study was approved by the NIH
Office of Human Subjects Research, and the NCI Institutional
Review Board. Hematoxylin and eosin-stained sections from all
cases were evaluated. Where available, flow cytometric and cyto-
genetic results were also reviewed. 
In addition, an extensive literature search was performed for

published cases of BPDCN, using its current name as well as for-
mer designations, blastic NK-cell lymphoma and CD4+/CD56+

hematodermic neoplasm, in children under the age of 18 years.
Careful review of the reported immunophenotypes eliminated
cases that had been negative for either CD4 or CD56 (unless pos-
itive for CD123), or reported positive for CD34 (which excludes
BPDCN).1,28 Co-expression of CD33, CD7, CD2, and/or CD117
was acceptable, and has been previously described in several cases
of BPDCN.1-4,28,35 The cases were evaluated with respect to clinical
features, treatment, and outcome, and these data were combined
with NCI data for comprehensive analysis.

Immunohistochemistry
Immunostaining was performed on de-paraffinized, formalin-

fixed tissue sections using a panel of antibodies (Table 1). Staining
was conducted using an automated immunostainer (Ventana
Medical Systems, Inc., Tucson, AZ, USA).

In situ hybridization
In situ hybridization for Epstein-Barr virus-encoded RNA was

conducted on formalin-fixed paraffin sections using the Epstein-
Barr Early RNA Probe Reagent-EBER 1-2 (Ventana INFORM EBER,
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Table 1. Immunohistochemistry – primary antibodies.
Antibody Dilution Manufacturer and catalog number

CD1a 1/40 Immunotech 1590
CD2AP 1/1000 Santa Cruz B-4
CD3 1/100 Dako M7254
CD4 1/80 Novocastra NCL-CD4-1F6
CD5 1/100 Novocastra NCL-CD5-4C7
CD7 1/200 Novocastra NCL-CD7-272
CD8 1/50 Dako M7103
CD20 1/1000 Dako M0755
CD34 1/20 Dako M7165
CD56 1/50 Novocastra NCF-CD56-1B6
CD68 1/50 Dako M0814
CD117 (c-kit) 1/200 Dako A4502
CD123 1/50 BD Pharmingen 554527
CD303/BDCA-2 1/50 Dendritics 124B3.13 (Lyon, France)
Chromogranin 1/400 Neomarkers MS-324-P
Ki-67 1/200 Dako M7240
Myeloperoxidase 1/1000 Dako A0398
S-100 1/8000 BioGenex MU058-UC
Synaptophysin 1/100 Zymed 18-0130
TCL1 1/800 Medical & Biological Labs 27D6/20

(Naka-ku Nagaya, Japan)
TdT 1/100 Novocastra NCL-TdT-339



Tucson, AZ, USA) according to the manufacturer’s recommenda-
tions, with appropriate positive and negative controls.

Molecular analysis
Polymerase chain reaction for T-cell receptor gene rearrange-

ments was conducted using primers to the T-cell receptor gamma
chain gene.36 Two separate reactions were carried out for each
extract, with appropriate controls, and the products were ana-
lyzed by acrylamide gel electrophoresis, as previously described.37

Results

Histological and immunophenotypic features
In eight of the nine NCI cases, the initial diagnostic

biopsy was of skin. The neoplastic cells diffusely infiltrat-
ed the superficial dermis, sparing the Grenz zone and
overlying epidermis. The malignant cells were small to
medium-sized and fairly uniform, with ovoid to indented
or slightly irregular nuclei containing finely dispersed
chromatin and indistinct nucleoli (Figures 1A and 2A).
Mitotic figures were observed but generally not abundant.
The cytoplasm was indistinct. Figures 1 and 2 illustrate
cases 2 and 4, respectively.
Table 2 summarizes the results of our immunohisto-

chemical studies, as well as immunohistochemical, flow
cytometric, and cytogenetic results reported for the 20
cases identified in the literature. All nine NCI cases were
positive for CD4 and CD123, and all but one (case 6) were
positive for CD56. CD68 was negative in all cases, with
the exception of case 7, which showed focal punctate
staining.
Myeloperoxidase was negative in cases 1 through 8

(case 9 not tested). All cases were negative for CD3,
CD20, and CD34. In situ hybridization for Epstein-Barr
virus-encoded RNA was negative in all cases studied (n
=4), as were molecular studies for T-cell clonality (n = 3).
Interestingly, three of the four pediatric BPDCN cases

from the NCI (75%) that were tested for S-100 expression

showed S-100 positivity in the neoplastic cells, typically in
a focal or zonal distribution (Figure 1B). Langerin and
CD1a stains were negative, arguing against Langerhans’
cell histiocytosis. A retrospective review of a total of 20
additional BPDCN cases from adults, reviewed at the NCI,
demonstrated S-100 expression in five (25%).5 In contrast,
none of 28 cases of acute myeloid leukemia expressed S-
100. The biopsies from these 28 cases were taken from the
skin (n=7), bone marrow (n=18), central nervous system
(n=1), lymph node (n=1), and mesentery (n=1) (Online
Supplementary Table S1).

Clinical features of the National Cancer Institute 
cases  and previously published cases
The clinical findings, including initial sites of involve-

ment, treatment modalities, and outcome data, are sum-
marized in Table 3. The nine NCI cases are described indi-
vidually in detail in the Online Supplementary Appendix.
Clinical follow-up was available for 25 of 29 cases (all
patients except for 9, 16, 24, and 26) and ranged between
9 months and 13 years (median, 30 months). Seven of the
29 cases (24%) lacked cutaneous disease at presentation,
with disease confined to the bone marrow, peripheral
blood, lymph nodes, spleen, and/or liver. All seven of
these patients survived, with follow-up ranging between
12 and 98 months (100% survival; median follow-up, 60
months). The other 22 of the 29 (76%) had skin involve-
ment at the time of presentation, and among the 18 with
available clinical follow-up of at least 9 months, seven
patients had died (61% survival rate). All patients who
lacked cutaneous disease received acute lymphoblastic
leukemia (ALL)-type chemotherapy regimens. Of the
eight patients with initial cutaneous disease who had been
treated with ALL-type therapy and for whom follow-up
information was available, only two died (patients 5 and
6), one of whom from therapy-related complications.
Overall, 14 patients in this series initially received ALL-

type regimens; 12 achieved remission and two had a par-
tial response. Two of these patients (cases 12 and 18)
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Figure 1. Histological and immunohistochemical features of case 2
(cutaneous mass), with staining for (A) hematoxylin and eosin
(400x), (B) S-100 (200x), (C) TCL1 (100x), and (D) CD303/BDCA-2
(100x).

Figure 2. Histological and immunohistochemical features of case 4
(subcutaneous mass), with staining for (A) hematoxylin and eosin
(400x), (B) CD303/BDCA-2 (200x), (C) CD2AP (200x), and (D) TCL1
(200x).



underwent stem cell transplantation (SCT), one in first
complete remission and one in second complete remis-
sion, and both were disease-free at their latest follow-up.
The children initially treated with high-risk ALL-type ther-
apy but without SCT also fared well, with only one
reported death (patient 6), occurring in a child with rela-
tively advanced disease in the form of a 12 cm cutaneous
mass at presentation; this  girl died of therapy-related
complications (described in detail in the Online
Supplementary Appendix). 
Non-Hodgkin’s lymphoma-type therapy was limited to

six cases (patients 1, 2, 5, 15, 21, and 22), four of whom
survived. Three of these underwent SCT, one in first com-
plete remission (patient 15), one in first complete remis-
sion after receiving ALL therapy (patient 5), and one in
second complete remission after receiving ALL therapy
(patient 1). Two of the three patients who underwent SCT
survived, and two of the three who did not undergo SCT
survived. All three patients who received acute myeloid
leukemia-type chemotherapy died; one of progressive dis-
ease (patient 11) and two of therapy-related complications
(patients 25 and 27).

Among all children with BPDCN who underwent SCT,
the overall survival was 67% (4 of 6 cases), and two of
these survivors had been transplanted in second complete
remission. Importantly, the two patients who died in spite
of SCT had not received initial ALL-type therapy - one of
the cases of post-transplant mortality was disease-related,
occurring in a patient who had undergone SCT in first
complete remission (patient 5), the other was attributable
to transplant-related complications (patient 27).

Discussion

BPDCN is a rare hematopoietic precursor cell malignan-
cy that has only recently been established as a distinct
pathologic entity.38 With a median age at diagnosis of
approximately 65 years, it generally affects older adults
and often follows a rapidly fatal course in spite of a tran-
sient initial response to therapy.1,2,16 Approximately 85%
of BPDCN cases show cutaneous involvement at presen-
tation, with about half the cases confined to skin at the
time of initial staging, although leukemic variants lacking
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Table 2. Immunophenotypic and cytogenetic features of pediatric BPDCN. 

Patient N. CD4 CD56 TdT CD123 CD303* CD7 CD3 CD68 CD117 MPO Other Cytogenetics Reference

1 + + - + N N - N N - t(1;6) abnormality Current;18

2 + + + + + N - - - - CD2AP, S-100, TCL1 Current

3 + + + + + N - - - - CD2AP, S-100, TCL1 Current

4 + + - + + + - - - - CD2AP, S-100, TCL1 46,XX Current

5 + + + + N N - - N - Current

6 + - - + N N - - N - Current

7 + + - + N N - + pu - - Current

8 + + + + N focal - - - - CD33, CD99 Current

9 + + - + N - - N N N Current

10 + + - N N + - N N - CD2 19

11 + + - + + - N N - N BDCA-4, TCL1 44,XY,del(1)(q21),der(3),del(5)(q3?3q3?5),add(6)(q21),-13 1,28

12 + + N N N + N + N N 1

13 + + + N - - N + - N BDCA-4 43,XY,add(3p2?3),add(6)(q?21),-7,-9,add(12)(p11),-13,-19, +mar 1,28

14 + + + + + + - + subset - BDCA-4, CD33 45,XY,del(7)(p12),del(9)(q12q22),-10,del(11)(q21) 20

15 + + + N N + - - N - 69,XXX,t(1;6)(q21;q23),der(6)t(1;6)add(7)(p11)x2,-9,+12, add 21
(12) (p11)x2,-15,-15,-15,-16,+20,-22,+mar1,+mar2,+mar3,+mar4 

16 + + - N N N - focal N - 22

17 + + - + N - N - - - TCL1 2,8

18 + + - + + - - - - - BDCA-4, CD2, CD33 44,XY,-13 23

19 + + + + + - - - - - BDCA-4 44,XX,t(1;6)(q31;q25) 23

20 + + - + + + - - + - BDCA-4, CD2, CD33 45,XY,-1,-3,add6(q?),+mar 23

21 + + + + N - - N N - CD2 24

22 + + + + + - - + - - 25

23 + + - N N N - + N - 11

24 + + N N N N - + N - 45,XX,-13/45,XX,-22/46,XX 26

25 + + - + N N N N - - 27

26 + + N N + + N N N N BDCA-4, CD2, TCL1 28

27 + + N + + + - + N - CD2 46,XY 29

28 + + weak + + - - N subset - BDCA-4, CD22 -9,13,-17,-20;12p and 14p abnormalities 30

29 + + - + N - - + (dim) - - 31

*also known as BDCA-2; + positive; - negative; BDCA, blood dendritic cell antigen, CD, cluster of differentiation; CD2AP, CD2-associated protein; MPO, myeloperoxidase; N, not determined; pu,
punctate staining; TCL1, T-cell leukemia/lymphoma-1



cutaneous involvement have also been documented based
on rigorous immunophenotypic profiling.1,4,20,23,30 The vast
majority of adult patients who achieve complete remis-
sion subsequently relapse at a median of 9 – 11 months,
according to the largest studies.1,2 Those patients who
relapse typically develop rapid dissemination of disease to
bone marrow and other sites, with central nervous system
involvement in 33% of relapsed cases.1 While initial
response to therapy may be accomplished with a variety
of therapy regimens, sustained remission in adults has
only been described in those who underwent SCT.16,17,39
Hence, the optimal treatment approach in adults appears
to justify SCT in first complete remission and should
include central nervous system prophylaxis given the high
risk of relapse at this site. 
To improve understanding of BPDCN in the pediatric

age group, we compiled data on nine childhood cases eval-
uated at our institution, and in addition critically reviewed

the features of 20 previously published cases. In the cumu-
lative series, 24% of the pediatric cases lacked cutaneous
involvement at presentation, which is a slightly higher
rate than described in adults, with disease confined to
bone marrow, peripheral blood, lymph nodes, spleen,
and/or liver. Interestingly, all seven of these patients sur-
vived (100% survival; median follow-up, 60 months),
although only two had undergone SCT. In contrast, only
11 of the 18 children with cutaneous involvement at pres-
entation and with follow-up data available survived (61%)
– only two of these 11 survivors had undergone SCT, and
another two died despite SCT (1 of disease, 1 of trans-
plant-related complications).
Although cases without initial cutaneous manifestations

of BPDCN were associated with a favorable outcome,
direct comparison of cutaneous and extracutaneous-only
cases might be confounded by treatment modalities
employed, since all of the patients who lacked cutaneous
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Table 3. Clinical presentation, therapy, and outcome of pediatric BPDCN cases.
Patient N. Age/ Initial Sites of Involvement

Sex Skin/SC LN PB Other Treatment Response, Survival Reference

1 9M + + - NHL-type →CR1, relapse, 9 mo→ CR2, 13 years Current; 18
BFM-ALL,ICE, XRT, alloSCT

2 4F + - - NHL-type + ASP CR, 11 years Current

3 10M - - - Maxilla BFM-based ALL-type CR, 5 years Current

4 15F + + - BFM-based ALL-type CR, 7 years Current

5 7F + - - NHL-type → ALL-type-> alloSCT in CR1 DOD, 23 mo Current

6 12F + - - BM BFM-based ALL-type PR, dead 6 mo (sepsis) Current

7 7M + + - ALL-type CR, 14 mo Current

8 8M + + - BM ALL-type CR, 9 mo Current

9 9M + + N BM Recent case (1 mo) Current

10 8M + + - ALL GTBLI-93 CR, 7 years 19

11 8M + + + BM, Spl, liver AML-type DOD, 37 mo 1,28

12 6F - + + BM, Spl ALL-type → alloSCT in CR1 CR, 98 mo 1

13 14M + - + BM ALL-type CR, 10 mo 1,28

14 17M - + + BM, Spl, liver ALL-type CR, 12 mo 20

15 17F + - - NHL-type → alloSCT in CR1 CR, 24 mo 21

16 17F + - - Not available 22

17 8M + + - Chemotherapy (no further details) DOD, 33 mo 8

18 15M - - - BM, Spl, liver BFM-based ALL-type→Relapse,60mo→alloSCT CR2, 8 years† 23

19 8F - - + BM BFM-based ALL-type CR, 8 years† 23

20 14M - - + BM BFM-based ALL-type CR, 7 years† 23

21 8M +* + - BM NHL-type, Italian AIEOP CR, 36 mo 24

22 16F +* + - CHOP, IT chemotherapy Dead, 11 mo (sepsis) 25

23 7M + - - Chemotherapy (no further details) CR, 20 mo 11

24 6F +* + - BM ALL-type PR, further therapy declined 26

25 8moM + - - BM AML-type Dead, 2 mo (sepsis) 27

26 14F + - - Not available 28

27 5M +* - - BM AML-type→ PD→alloSCT Dead (IIP), 193 days after SCT 29

28 9F - + + BM ALL-type CR, 22 mo 30

29 17F + + - Chemotherapy (no further details) CR, 30 mo 31

*Patients 21, 22, 24, and 27 were described as having widespread skin lesions.  †Personal communication, Dr. Jorge Rossi. M: male; F: female; mo: months; AIEOP: Associazione-Italiana-
Ematologia-Oncologia-Pediatrica; ALL,: acute lymphoblastic leukemia; allo: allogeneic; AML,: acute myeloid leukemia; ASP: asparaginase; BFM:Berlin–Frankfurt Münster group; BM: bone mar-
row; CHOP: cyclophosphamide, doxorubicin, vincristine, and prednisone; CR: complete remission; DOD: died of disease; GTBLI: Grupo Brasileiro de Tratamento das Leucemias da Infancia;
ICE: ifosfamide cisplatin etoposide; IIP: idiopathic interstitial pneumonia; IT: intrathecal; LN: lymph node; N: not determined; NHL: non-Hodgkin’s lymphoma; PB: peripheral blood; PD: progres-
sive disease; PR: partial response; SC: subcutis; SCT: stem cell transplantation; Spl: spleen; XRT: radiation therapy.



disease received ALL-type chemotherapy regimens, which
may be more effective. The biological significance of vari-
ants with or without cutaneous involvement does, there-
fore, require further study. It is important to note that
CD123, CD4, and CD56 positivity, the most commonly
used BPDCN immunophenotypic profile, is not specific
and that these markers can be expressed in both acute
myeloid leukemia and ALL. However, cases without cuta-
neous involvement also expressed other BPDCN markers,
including BDCA-4, CD303/BDCA-2, CD2AP, and TCL1.
CD68 is generally negative, but focal punctate staining is
seen in a minority of cases. Strong staining for CD68
should raise the suspicion of acute or chronic leukemia
with monocytic differentiation. 
A variety of regimens have been employed in the treat-

ment of BPDCN, and some patients have received multi-
ple therapies, making it difficult to define an optimal
management approach. ALL-type therapies have been
most commonly utilized and are associated with the
best-reported results. Unlike adult cases, the pediatric
cases in our review who received high-risk ALL-type
therapy had favorable outcomes, irrespective of SCT. All
patients who received acute myeloid leukemia-type ther-
apy died (n = 3). Patients who received non-Hodgkin’s
lymphoma-type therapy appeared to have a favorable
response; however, the number of patients treated with
this approach was small. Incorporation of prednisone in
the treatment regimen may be critical, as previous stud-
ies have suggested that initial responsiveness to pred-
nisone may serve as a predictor of favorable prognosis.23
Furthermore, Rossi et al. hypothesized that intensive
methotrexate dosing may avert subsequent relapse, as
the one patient who relapsed in their series of three cases
had received a less intensive maintenance regimen
(patient 18 in our meta-analysis).23 Still, this patient
appears cured after undergoing SCT in second complete
remission (Dr. Rossi, personal communication).
In determining the role of SCT in first complete remis-

sion for children with BPDCN, we reviewed outcome data
with respect to this treatment modality. Among all pedi-
atric patients with BPDCN who underwent SCT, the over-
all survival was 67% (4 of 6 cases), and two of these sur-
vivors were transplanted in second complete remission.
Importantly, only one of the post-transplant deaths was
disease-related and occurred in a patient who had under-
gone SCT in first complete remission and had not received
ALL-type therapy; the other death was attributable to
transplant-related complications. The overall survival of
patients who did not undergo SCT was 74% (14 of 19
cases). Thus, the role of SCT in pediatric cases of BPDCN
is unclear. Based on our review, our recommendation for
treatment of children with BPDCN would include high-
risk ALL therapy with central nervous system prophylaxis,
reserving SCT for second complete remission, or to cases
in which initial treatment does not induce a rapid or com-
plete remission.
This study represents the largest series of pediatric

BPDCN cases reported to date. We conclude that in con-

trast to the poor outcome typically observed in adults
with BPDCN, this disease is often associated with a rela-
tively favorable outcome in children. The basis for the
apparent disparity in clinical behavior between adult and
pediatric cases is not certain. A subtle histological differ-
ence might be related to the fairly uniform and “lym-
phoblast”-like appearance of neoplastic cells among the
pediatric cases studied, compared to a variability of mor-
phological features seen in adult cases. Cota et al. recently
described a series of adult BPDCN cases with pleomorphic
cells, including elongated, twisted, or hyperchromatic
cells.39 Furthermore, although the immunophenotypic pro-
files are quite similar between pediatric and adult cases,
we did note a difference in S-100 expression. S-100 was
detected in 75% of pediatric cases tested but in only 25%
of adult cases reviewed at the NIH.5 All three pediatric
cases with S-100 expression, including patient 2, who did
not receive ALL-type therapy, had a favorable outcome
(greater than 5-year survival without SCT). Importantly,
expression of plasmacytoid dendritic cell lineage markers
CD303/BDCA-2, CD2AP, and TCL1, in addition to CD4,
CD56, and CD123, was demonstrated in these three
cases, solidifying the diagnosis of BPDCN. The functional
significance of S-100 positivity, which is normally present
in cells derived from the neural crest as well as in some
macrophages and dendritic cells, is uncertain, but the
zonal distribution with variable expression may signify
divergent subclones. Interestingly, gene expression profil-
ing studies conducted by Dijkman et al. identified a set of
genes expressed in BPDCN which was not described in
other hematopoietic cells but highly expressed in neuronal
cells and implicated in neurogenesis.11
Additional studies of larger numbers of cases are

required in order to better define prognostic markers in
BPDCN. Although TdT expression has been proposed to
predict a relatively favorable outcome in what was for-
merly called blastic NK-cell lymphoma,40 a clear pattern
did not emerge from our analysis. A significant correlation
between S-100 and TdT expression was not apparent
from this study. Future studies, including gene expression
profiling, may provide insight into the pathobiology of
BPDCN in the pediatric population.

Supplementary Appendix
Individual case reports are provided in the Online

Supplementary Appendix. Details of the cases of acute
myeloid leukemia studied for S-100 are presented in
Online Supplementary Table S1.
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