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Abstract Early plasmacytoid dendritic cell (pDC) leuke-
mia/lymphoma has recently been described as a
CD4+CD56+ lineage negative malignancy with character-
istic clinical, morphologic, immunophenotypic, and bio-
logical features. We present a case of a 72-year-old man
who was diagnosed with isolated skin involvement 30
months ago and received numerous chemotherapy cycles
that did not prevent three relapses of the disease, the last
two involving the bone marrow. The bone marrow was
nearly completely infiltrated with small- to medium-sized
blasts displaying a high nuclear to cytoplasmic ratio, a
cytoplasm with faint basophilia lacking granulations or
Auer rods. Small vacuoles surrounding the nucleus were
frequently observed. Flow cytometry showed CD4+,
CD56+, CD45+, CD38+, HLA-DR+, CD33+, CD123+,
CD2−, cyCD3−, CD7−, CD10−, CD11b−, CD13−, CD14−,
CD16−, CD19−, cyCD22−, CD24−, CD34−, CD57−,
CD61−, CD64−, CD65−, cyCD79a−, CD117−, MPO−,
and TdT− population. At the second bone marrow relapse,
CD117 was also positive. Our patient was initially treated
with acute myeloid leukemia-type chemotherapy, later he
was given acute lymphoblastic leukemia-type treatment,
and at the last relapse he received CHOP chemotherapy.
Each treatment led to rapid response of tumor manifesta-
tions with disease-free intervals of 7 months, 9 months,
and 8 months, respectively. Although patients usually have
an ominous prognosis, with only 25% living more than 24
months, our patient is alive after 30+ months and has again
achieved complete remission after the last chemotherapy.
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Introduction

CD4+CD56+ hematopoietic tumors are rare neoplasms that
have recently been classified within the WHO classifica-
tion of tumors [1] as blastic NK cell lymphoma. These
malignancies have a tendency to infiltrate the skin, but
lymph node, soft tissue, peripheral blood, and bone
marrow involvement have been reported to occur
regularly. The disease follows an aggressive course and
responds only briefly to aggressive type polychemother-
apy [2]. Morphologically, the cells may resemble lympho-
blasts or myeloblasts and may display an irregular nuclear
outline, inconspicuous nucleoli, and small or large cyto-
plasmic vacuoles. Immunophenotypic diagnosis is primar-
ily based on the coexpression of CD4 and CD56. To
prevent confusion with both myeloblastic and precursor T-
lymphoblastic leukemia/lymphoma which may also ex-
press CD56, the diagnosis of blastic NK cell lymphoma
should be made after exclusion of coexpression of CD3,
myeloperoxidase, and CD33. Additionally, T-cell receptor
(TCR) gene rearrangement should be absent. Specific
chromosomal aberrations have not been observed, but
cases with normal as well as complex karyotype have been
reported to date [2]. The Groupe d’Etude Immunologique
des Leucémies (GEIL) has recently suggested classifying
the subgroup of CD4+CD56+ malignancies with negativity
for both myeloid and lymphatic antigenes, as early
plasmacytoid dendritic cell (pDC) leukemia/lymphoma
[3]. We present a case of CD4+CD56+ acute leukemia that
coexpressed CD33 and CD117, showed the typical clinical
course of pDC cell lymphoma/leukemia, and had a normal
karyotype.

Case report

The 72-year-old Caucasian male was first admitted in
August 2001 with a 4-month history of livid dermal
infiltrates that were accentuated on physical exercise.
Because of their itchy nature he consulted a dermatologist.
There were no fever, weight loss, or night sweats. Skin
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biopsy was done and the diagnosis of acute myeloid
leukemia (AML) with primary extramedullary involve-
ment (leukemia cutis) made. Apart from mild hyperten-
sion, previous medical history was noncontributory. The
patient was on metoprolol and lacidipin p.o. On physical
examination he displayed livid skin plaques that covered
part of his face, trunk, upper arms, and upper legs (Figs. 1
and 2). Maximum diameter was 5 cm. There was no sign
of lymph node involvement or hepatosplenomegaly.
Peripheral blood values showed leukocytes of
6,500 μl−1, hemoglobin of 14.6 g/dl, and thrombocytes
of 275,000 μl−1. The differential count was 3% band
forms, 62% polymorphonuclear forms, 25% lymphocytes,
8% monocytes, and 2% eosinophils. Bone marrow
involvement was excluded by cytology and histology.
Bone marrow cytogenetics showed 46, XY. An additional
skin biopsy was performed. This revealed a population of
medium-sized blasts with scanty cytoplasm negative for
periodic-acid Schiff staining. Immunohistochemistry was
positive for CD56, and weakly positive for Ki67 and CD4,
while CD5, CD8, MPO, CD20, CD30, and CD34 were
negative. Further investigation showed an oligoclonal
rearrangement of the T-cell receptor γ and negativity for
CD3, CD7, and CD2. This led ultimately to the differential
diagnosis of extramedullary, CD56-positive AML and
blastic NK cell lymphoma. The patient was treated with
AML-like chemotherapy and he went into complete
remission (CR). A second course with high-dose cytara-
bine and mitoxantrone was given. Further chemotherapy
was delayed due to pulmonary aspergillosis. First relapse
occurred in March 2002, and skin biopsies again showed
CD4+CD56+ tumor cells negative for CD20, CD21, and
CD35. Idarubicin and cytarabine chemotherapy was given,
and the patient went again into CR for 9 months. A second
relapse was noted in December 2002. At this time, bone
marrow infiltration was noted. Cytology and histology
showed a dense infiltration of the bone marrow by small-
to medium-sized tumor cells. Nuclear to cytoplasmic ratio
was high and nuclear chromatin was homogeneous,
displaying small, inconspicuous nucleoli. Neither Auer
rods nor granula were noted (see Fig. 3). Myeloperoxidase
and esterase staining were negative, while some cells
showed a granular staining pattern of the cytoplasm with
periodic acid-Schiff reagent.

Immunophenotyping revealed a CD4+CD56+ malignant
cell population that also stained positive for CD45, CD33,
CD36, CD68, HLA-DR, monoclonal antibody 7.1, and
CD38 (see Table 1). Those negative were CD2, CD3,
cyCD3, CD7, CD8, TCR-α/β, TCR-γ/δ, CD16, CD57,
CD10, CD19, cyCD22, CD24, cyCD79a, surface immu-
noglobulins, CD11b, TdT, CD71, CD34, CD117, CD 13,
CD14, CD15, CD64, CD65, CD61, and MPO. Cytoge-
netics showed a normal karyotype. At fluorescence in situ
hybridization, 11q23 rearrangement was not detected.
Peripheral blood differential count showed 1% myelo-
cytes, 1% metamyelocytes, 7% band forms, 29% poly-
morphonuclear cells, 58% lymphocytes, 2% monocytes,
and 2% eosinophils. Leukocytes were 2,700 μl−1, hemo-
globin 14.3 g/dl, and thrombocytes 53,000 μl−1. Of note,

the skin biopsies were positive for CD4, CD56, and
CD123, but negative for CD8, CD3, CD20, CD34, CD68,
TdT, MPO, and lysozyme.

The patient was treated with three courses of aggressive
polychemotherapy according to a Burkitt-lymphoma pro-
tocol (methotrexate, cyclophosphamide, vincristine, adria-
mycin, and dexamethasone alternating with methotrexate,
ifosfamide, vincristine, teniposide, dexamethasone, and
ara-C) and went into CR again. He relapsed for the third

Fig. 1 Dermal infiltrates at first diagnosis

Fig. 2 Skin involvement at second relapse
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time in September 2003. There was skin and bone marrow
involvement. Peripheral blood values were nearly normal
at this time (leukocytes 6,500 μl−1, hemoglobin 14.3 g/dl,
thrombocytes 64,000 μl−1). Morphologic and immuno-
phenotypic results were comparable to the time of first
bone marrow involvement. The malignant cell phenotype
was again CD4+CD56+CD38+CD33+HLA-DR+. Howev-
er, at that time, CD117 was also positive, while other
lineage markers were lacking. The patient is currently
being treated with CHOP chemotherapy. After the first
course, the skin infiltrates have nearly completely
disappeared.

Discussion

CD4+CD56+ hematologic malignancies have been vari-
ably classified in the past as histiocytic-associated
hematologic malignancy [4], cutaneous agranular
CD4+CD56+ lymphoma [5], agranular CD4+CD56+ he-
matodermic malignancy [6], NK lymphoma [7], myelo-
monocytic precursor cell–related lymphoma [8], myeloid/
NK cell precursor acute leukemia [2], and blastic NK cell
leukemia/lymphoma [9]. The current WHO classification
refers to blastic NK cell lymphomas as malignancies
expressing CD4, CD56, CD2, and CD45. Further
characteristics are shown in Table 1.

A new entity of CD4+CD56+ hematologic neoplasms

In a landmark paper, Chaperot et al. were able to show that
a subset of CD4+CD56+ positive cells being negative for
CD3, CD13, CD33, and CD19 were derived from early
pDCs [3]. In a series of 23 patients with the above-
mentioned characteristics, the same group showed recently
that this cell subset displayed the characteristic markers of
pDC, i.e., HLA-DR+, CD123high, CD116low, CD45RA+,

Fig. 3 Bone marrow cytology at time of first bone marrow
involvement. Dense infiltrates of small- to medium-sized agranular
blasts, sometimes displaying microvacuolation

Table 1 Comparison of different NK-cell neoplasms, pDC lym-
phoma/leukemia, and the current case. mbMembrane; cy cytoplasm;
+ or − refers to positive or negative, depending on the context

Specific
marker

Blastic NK
cell
leukemia/
lymphoma
[1, 12]

Myeloid/NK
cell precursor
leukemia/
lymphoma
[2]

Early plasma-
cytoid dendritic
cell leukemia/
lymphoma [10,
11]

Current
case

T/NK markers
CD2 + or − + or − + or − −
CD3 − − − −
cyCD3 − + or − − −
CD5 − − − −
CD7 + or − + + or − −
CD4 + + + +
CD8 − − − −
CD56 + + + +
CD16 − − −
CD57 − − − −
CD94
TIA1 + or − −
Myeloid
CD13 − + or − − −
CD33 − + − +
CD11c − + or − − −
MPO − + or − − −
CD14 − − − −
CD64 − −
CD36 + +
CD68 − + +
B lymphocytes
CD19 − − − −
CD20 − − − −
CD22 − − − −
CD79a − −
mb or cy Ig − −
pDC
HLA−DR + or − + or − + +
CD45 + +
CD123 + +
Others
CD11b −
CD117 − + or − − (at

re-
lapse:
+)

CD15 − − −
CD64 −
CD61 −
TCR gene re-
arrangement

− − − −

CD34 − + − −
TDT − − − −
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CD45RO−, BDCA-2+, and BDCA-4+ [10]. Apart from
CD36 and CD68, which were frequently expressed, and
CD2 and CD7 that were variably expressed, they were
negative for all conventional markers of the B or myeloid
lineage, i.e., CD20, CD22, CD79a, surface and cytoplas-
mic immunoglobulins, CD11c, CD65, CD117, MPO,
CD14, and CD64. TCR genes were always in germline
configuration. The progenitor antigene CD34 was always
negative; TdT was negative in all but one patient [11].

CD56 may be expressed on subsets of normal
plasmacytoid dendritic cells

Some criticism has arisen about the CD56-positivity in this
setting, as CD56 is supposed to be a salient feature of
blastic NK-cell lymphomas and was shown to be
expressed very early on in committed NK precursor cells
[12]. However, after studying seven cases of CD4+CD56+

neoplasms failing to display other T-myelomonocytic, B-
myelomonocytic, or NK-cell markers [13], Petrella et al.
provided evidence in a consecutive paper that CD56 is
actually expressed on a subset of normal pDCs [14]. These
results have further been corroborated by immunopheno-
typic studies of specific pDC markers and in vitro
investigations showing interferon α production of these
cells as a reaction to influenza virus incubation and their
ability to activate naive cord blood lymphocytes after IL-3
and CD40L stimulation [11].

Coexpression of myeloid markers

Our case is unusual because of its expression of two
myeloid markers (CD33 and CD117) on the blast cells. A
number of reports have emerged in the medical literature
where cases with slight differences to the classical
immunophenotype of pDC expressions but identical
clinical, cytologic, and histologic features have been
described. In most cases additional expression of CD33
was noted [15, 16], but TCR rearrangement [17], cyCD3
positivity [18], or TIA-1 positivity [19] have also been
noted. As for CD33, this marker does not exclude the
diagnosis of pDC malignancy. CD33 may be faintly
expressed on normal peripheral blood pDCs, and one case
of CD4+CD56+CD33+CD13− neoplasm could definitely
be classified as arising from pDCs [11]. The presence of
cyCD3+ is frequently shown when using the anti-CD3-
antibodies, while the monoclonal antibody Leu-4 remains
mostly negative. CD117 is unusual in pDC lymphoma/
leukemia, but recently, Anargyrou et al. presented a case
with coexpression of CD33 and CD117 [20]. In our case,
the differential diagnosis of acute monoblastic leukemia
(FAB M5) arises because of expression of CD68, CD4,
CD36, CD123, HLA-DR, and the monoclonal antibody
7.1. Coexpression of CD4 and CD56 has been reported in
acute monoblastic leukemia [21]. However, the malignant
cells at cytology did not resemble FAB M5 blasts. Also,
they were negative in the esterase staining. Moreover,

there was negativity for CD11b, CD14, and CD64 in flow
cytometry. Finally, the pattern of the blast cluster in the
CD45/side scatter did not resemble the typical cluster of
monocytic leukemia. Clinical and morphologic character-
istics of the present case were similar to those detailed in
patients with early pDC malignancies [10] or related
immunophenotypes [11]. Most patients reported on were
elderly men with a male to female ratio of 3:1. As in most
cases, the disease presented with isolated cutaneous
lesions and dissemination at a later stage. However, the
long delay of 20 months until disease generalization in our
case study is uncommon, but may be explained by the
early onset of aggressive chemotherapy in this patient. At
any time, even at diagnosis of bone marrow involvement,
our patient felt well and experienced no major tumor-
associated symptoms, especially no fever, night sweats, or
weight loss. At the time of first bone marrow involvement,
mild leukopenia and moderate thrombocytopenia devel-
oped. At the second time, peripheral blood values
remained normal. Although the monoclonal antibody 7.1
was highly expressed (83%) at flow cytometry at the time
of bone marrow involvement, we were not able to detect
11q23 deletion. A striking characteristic of the disease
seems to be the good initial chemosensitivity with
repetitive remission induction (sometimes 3 or 4 times)
but a tendency to relapse and regular dissemination of the
disease [11]. In accordance to the report of Feuillard et al.
[10] who reported a median disease-free survival of 9
months (range, 3–18 months), our patient experienced
relapse after 7, 9, and 8 months after each therapy. Only
three patients in the medical literature have been reported
as long-term survivors after conventional chemotherapy
[22–24], two of them had isolated cutaneous nodules for
15 and 2 years.

Morphology, flow cytometry, and differential
diagnosis

A high-power view of the bone marrow infiltration at the
first time of bone marrow involvement is presented in
Fig. 3. In accordance to the description of Feuillard et al.
[10], the blasts were devoid of granulations but sometimes
exhibited a microvacuolation in a “pearl necklace” way at
the cytoplasmic outline. This appearance was still present
at second bone marrow involvement in September 2003,
but the blasts at that time were more homogenous, the
nuclear to cytoplasmic ratio was higher, and nuclear
chromatin more condensed. Microvacuolation and lack of
granulation were still present.

Table 1 compares the immunophenotypic characteristics
of the so-called blastic NK cell leukemia/lymphoma,
myeloid/NK cell precursor leukemia/lymphoma, early
pDC leukemia/lymphoma, and our case. The difference
between myeloid/NK cell leukemia and lymphoma and
pDC leukemia/lymphoma is that in the former CD7 was
always reported and at least the myeloid marker CD33, but
in many cases also CD13, MPO, or CD11c were
expressed. Also, CD34 was positive. The myeloid markers
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in pDC leukemia/lymphoma are usually negative while
CD7 positivity may frequently be observed. CD34 is
negative. Blastic NK cell lymphoma as defined in the
WHO classification never shows myeloid markers and
may also have CD2 and CD7 negativity. Table 1
demonstrates that early pDC leukemia/lymphoma is a
new entity that will cover many cases that have previously
been diagnosed as myeloid/NK cell precursor leukemia/
lymphoma or blastic NK cell leukemia/lymphoma,
including the case of Anargyrou et al. [20] and ours.
The cornerstone of diagnosis will be the identification of
typical pDC phenotype, i.e., positivity for CD123,
CD45RA, BDCA2, or BDCA4, with negativity for
CD45RO.

Diagnostic work-up

The diagnostic work-up of pDC leukemia/lymphoma
involves careful appreciation of patient history, physical
signs and symptoms, histopathology of the skin as well as
peripheral blood and bone marrow cytology, pathology,
and flow cytometry. Most patients initially show isolated
livid dermal lesions. If these lesions can be attributed to an
infiltration by malignant cells, and lineage specificity
cannot unequivocally be determined, CD4 expression and
CD56 expression must be investigated for. In case of
coexpression of these markers, specific markers of pDC
leukemia/lymphoma should be examined. In more ad-
vanced disease, there will be involvement of blood and
bone marrow, and possibly cerebrospinal fluid. Micro-
scopic identification of medium-sized lymphoid cells with
scanty, microvacuolated cytoplasm, irregular nuclear out-
line, and negativity in cytochemical reactions must be
followed by flow cytometric analysis of the above-
mentioned antigenes. Failure to clearly identify lineage
specificity in flow cytometry again should lead to analysis
of CD4 and CD56, and possibly more specific markers of
pDC.

To conclude, we present a case with the clinical,
morphologic, and immunophenotypic characteristics of
early pDC leukemia/lymphoma coexpressing CD33 and
CD117 with a surprisingly long-term overall survival of 30
+ months since first diagnosis. Even after the third relapse,
this patient shows good clinical response to chemotherapy.
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