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Abstract: Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is a clinically aggressive hematologic
malignancy derived from plasmacytoid dendritic cells. It commonly presents as cutaneous lesions.
To date, no standard treatment protocol for BPDCN exists. Traditionally treated similarly to acute
leukemia or lymphoma, its prognosis remains poor. Radiation therapy is employed for isolated
skin lesions, for patients that are ineligible for chemotherapy due to age or comorbidities and for
post-chemotherapy recurrence. However, very limited reports are available on radiotherapy for
BPDCN. We present a case involving a 94-year-old BPDCN patient treated with radiation therapy,
highlighting an atypical situation of two separate radiotherapy sessions with different dosages for
isolated skin lesions. Initially, 45 Gy was administered in 15 fractions (45 Gy/15 Fr), followed by a
second session of 30 Gy in 10 fractions (30 Gy /10 Fr) after disease recurrence. This case is unique
in detailing radiation therapy for the exceedingly rare BPDCN, particularly dose fractionation. The
findings indicate that 45 Gy /15 Fr can provide adequate local control, while even a lower dose of
30 Gy/10 Fr may be effective. This case report contributes to the limited literature by proposing
potential therapeutic approaches and dosage guidelines to refine future BPDCN treatment protocols.

Keywords: blastic plasmacytoid dendritic cell neoplasm; hematologic malignancy; radiation therapy;
cutaneous lesions; dose fractionation; treatment protocol

1. Introduction

Blastic plasmacytoid dendritic cell neoplasm (BPDCN) is a clinically aggressive hema-
tologic malignancy derived from plasmacytoid dendritic cells (PDCs). It predominantly
presents as cutaneous lesions, with potential bone marrow involvement and leukemic
spread. The disease concept of BPDCN was established by the revised World Health Orga-
nization classification in 2008 [1]. As a rare entity, BPDCN accounts for approximately 0.5%
of hematologic cancers [2]. Over 90% of patients initially exhibit skin lesions, including
nodules, erythematous plaques, and bruise-like patches [3,4]. Suspected BPDCN cases,
particularly those presenting with brown to violaceous bruise-like lesions, plaques, or tu-
mors, warrant a skin biopsy for a definitive diagnosis. Diagnostic hallmarks include blastic
or plasmacytoid morphology and PDC-specific expression of CD4, CD56, and CD123 [5].
Differential diagnoses include cutaneous malignancies and various leukemias. Reactive
conditions like Kikuchi disease may also present with mature pDC accumulations.

To date, no consensus on a standard treatment for BPDCN exists. Historically treated
akin to acute leukemia or lymphoma, BPDCN’s prognosis remains dire. Recent advance-
ments include the development of tagraxofusp, a CD123-targeted cytotoxin composed of
human interleukin-3 fused to truncated diphtheria toxin [2].

Radiation therapy is reserved for patients with isolated skin lesions, those ineligible
for chemotherapy due to age or comorbidities, and for relapses post chemotherapy. Despite
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its use, detailed reports on radiotherapy dose fractionation for BPDCN are scarce, leaving
its therapeutic efficacy and optimal dosages uncertain.

In a recent case, we administered radiotherapy to a newly diagnosed BPDCN skin
lesion. Given the patient’s prognosis, age, and comorbidities, we opted for palliative
radiotherapy aimed at aesthetic improvement rather than curative chemotherapy. Re-
current lesions were initially planned to receive a similar radiation dose; however, due
to the patient’s deteriorating condition, a reduced dose was administered. This report
details the unique course of receiving two distinct radiotherapy doses, discusses optimal
dose fractionation, reviews the existing literature, and contributes valuable insights to
medical knowledge.

2. Case Presentation

A 94-year-old male patient with an Eastern Cooperative Oncology Group performance
status (ECOG-PS) of 3, who had been contending with renal pelvis and bladder cancer
for approximately 5 years and had been under the best supportive care from a urologist,
developed a bruise-like rash on his forehead without any clear cause 4 months ago. This
rash appeared and progressively enlarged over a period of 4 months. The initial clinical
examination revealed a dome-shaped, dark purple, firm mass measuring 8 x 4 cm? on the
forehead, and there were also multiple pale dark skin eruptions with infiltration observed
on the crown (Figure 1). No superficial lymph nodes were palpable. The clinician initially
suspected hemangiosarcoma and proceeded to perform a skin biopsy from the lesions on
the forehead. The histological examination demonstrated a diffuse proliferation of atypical
cells extending from the dermis to the subcutaneous tissue. Inmunohistochemical staining
indicated that these atypical cells were diffusely and strongly positive for CD4, CD56, and
CD123 and negative for CD3, CD34, and lysozyme. These findings led to the diagnosis
of BPDCN.

a

Figure 1. Macroscopic findings at the initial examination; a purple nodular lesion measuring

7.5 x 5cm? was noted on the frontal skin. Additionally, a purple “bruise-like” infiltrative spot,
measuring 7 x 4 cm?, was present on the occipital skin.

Subsequently, a CT scan conducted to investigate systemic metastases revealed a
thickening of the skin on the back of the head (Figure 2). However, no other significant
distant lesions, including those in lymph nodes, were detected.

Blood tests showed no cytopenia or abnormal cells in the peripheral blood, but they
did indicate severe renal dysfunction, attributed to underlying conditions such as bladder
cancer and renal pelvis cancer. While induction chemotherapy might have been an option
for a medically fit adult with a favorable ECOG-PS and without serious comorbidities,
it was deemed unsuitable for this patient due to his ECOG-PS score, advanced age, pre-
existing underlying diseases, and severe renal impairment. The patient expressed concern
over the aesthetic impact of the prominent frontal lesion and wished to reduce its size.
Therefore, palliative radiotherapy was administered with the goal of improving aesthetics
through the local control of the lesion.
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Figure 2. Imaging findings during the initial examination; CT imaging reveals thickening of the skin
on the front and back of the head (yellow arrow).

The patient was immobilized with a custom thermoplastic mask in a supine position
and simulated by CT with a 2.5 mm slice thickness. Because the head lesion was not flat
and reproducibility could not be guaranteed, no bolus was used. All simulation data were
imported into the Eclipse® treatment planning system (Varian Medical Systems, Inc., Palo
Alto, CA, USA). The gross tumor volume (GTV) was defined as all known gross diseases
according to clinical information and CT. The clinical target volume (CTV) included the
GTV with an additional margin of 0.5 cm, not exceeding the periosteum of the cranium.
The PTV was defined as the CTV plus a 0.5 cm margin.

The OAR included the spinal cord, brain, brainstem, chiasm, optic nerves, eyes,
lenses, parotid glands, and inner ear. The planning organs at risk volume (PRV) were
also used. The spinal cord, chiasm, optic nerves, and brainstem PRV were defined as the
corresponding structures plus three-dimensional 0.3 cm margins, respectively. The VMAT
plan utilized 6 MV X-ray beams. VMAT was used because there were multiple lesions on
the head (which is not flat) and they could be treated simultaneously. The total radiation
dose was 45 Gy at 3 Gy per fraction. Such a dose division corresponds to 48.75 Gy in terms
of EQD2 when «/3 = 10 Gy, which is a sufficient dose for aggressive lymphomas. This
dose fractionation was chosen because it is sufficient for aggressive lymphoma, shortens
the treatment period, and reduces the burden on the patient compared to 2 Gy per fraction.
The plans were optimized to achieve 100% (D100%) coverage of the CTV (Figure 3a,b). The
maximum and minimum doses to the skin on the CTV were approximately 120% (54 Gy)
and 100% (45 Gy) of the prescribed dose, respectively.

a

Figure 3. Cont.
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Figure 3. (a). Treatment plan; (b). The treatment plan was devised using the Eclipse treatment
planning system. The VMAT plan utilized a 6 MV X-ray beam energy. The total radiation dose was
prescribed as 45 Gy, delivered in 3 Gy per fraction. The plan was optimized to ensure target coverage
with 100% (D100%) of the CTV.

From around the sixth treatment, the raised lesions became less noticeable, and the
color tone began to fade. At the end of the treatment, only grade 1 dermatitis was observed
(Figure 4a,b). No acute adverse reactions of grade 2 or higher associated with the radiation
therapy occurred.
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Figure 4. Progress during treatment ((a). frontal and (b). occipital lesions).

Regarding the changes observed during irradiation, the raised skin lesions became
less prominent, and their coloration started to fade after the sixth session of irradiation,
likely because of high radiation sensitivity. By the 10th session, dermatitis was noticeable,
and by the 15th session, the demarcation between the dermatitis and the lesion became
partially indistinct, implying that the lesion had enlarged.
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Further, 1 month after the end of the treatment, the dermatitis had disappeared, the
lesions had clearly shrunk, and the color tone had faded. Three months after the end of the
treatment, the lesions had almost disappeared, leaving only mild pigmentation (Figure 5).

Before starting RT

One month after RT

Three months after RT

Five months after RT

Figure 5. After irradiation changes at the 1-month follow-up after irradiation completion, the dermati-

tis was resolved, lesion area was notably reduced, and the lesion coloration was faded. Subsequently,

the lesions continued to diminish, leaving only mild pigmentation 5 months after irradiation.

However, during the 5-month follow-up after treatment, new lesions appeared in
untreated areas while the treated lesions remained controlled (Figure 6). A CT revealed a
thickening of the skin on the back of the head as well as enlarged lymph nodes (Figure 7).

Figure 6. Macroscopic findings at ectopic recurrence (5 months after RT); numerous dark red, raised

lesions emerged outside the irradiated field, indicating an ectopic recurrence of blastic plasmacytoid

dendritic cell neoplasm (BPDCN).

Figure 7. Imaging findings at ectopic recurrence; CT imaging during the ectopic recurrence showed

skin thickening and enlarged lymph nodes (yellow arrow).

A treatment plan of 45 Gy/15 Fr was similarly prepared for the new lesions, and
treatment was started. However, it became difficult to continue the treatment due to the
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exacerbation of the bladder cancer and renal pelvis cancer, which were part of the patient’s
medical history, and the treatment was terminated with 30 Gy /10 Fr (Figure 8).

Figure 8. Cumulative dose diagram for initial irradiation and reirradiation; this is a dose distribution
diagram that combines the initial irradiation of 45 Gy /15 Fr with reirradiation of 30 Gy /10 Fr.

At the subsequent follow-up, there was no obvious increase in the ectopic recurrent
lesions, and the color tone had slightly faded. The initial lesions remained in complete
remission (Figure 9). Thereafter, his general condition deteriorated, and he died 9 months
after the initial treatment.

A |

One month after
re-irradiation

Before starting
re-irradiation

-

Figure 9. Changes during and after irradiation of recurrent lesions.

Initially, there was an intention to treat the patient with 45 Gy /15 Fr as in the initial
therapy; however, because of the declining overall health of the patient due to deterio-
rating renal pelvic and bladder cancer, irradiation was discontinued after administering
30 Gy/10 Fr. The sole adverse event observed at this juncture was very mild dermatitis.
Follow-up was possible only for the first month thereafter; however, no considerable in-
crease in the lesions was noted, and its coloration appeared to be fading. In a series of
treatments, the irradiation field included the targeted skin and parts of the oral mucosa,
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salivary glands, or eyes; however, there were no adverse events such as stomatitis, xerosto-
mia, and ocular disorders such as dry eyes or keratitis. Although the brain was partially
included in the radiation field, no cognitive decline was observed for at least 9 months after
the initial treatment.

3. Discussion

BPDCN is a rare, clinically aggressive hematologic malignancy that most commonly
presents as bone marrow and skin lesions, with or without leukemic dissemination. The
nomenclature for this entity has evolved over the years as our understanding of its un-
derlying biology has improved. Initially described in 1995 as an acute agranular CD4-
positive natural killer (NK) cell leukemia [6], it was later referred to as “blastic NK cell
lymphoma” due to its blastic appearance and CD56 expression. Subsequently, the term
“agranular CD4+CD56+ hematocutaneous neoplasm/tumor” was coined, reflecting the
immunophenotype and skin lesion propensity. However, following the discovery that
BPDCN originates from PDCs (type 2 dendritic cells), the 2008 World Health Organiza-
tion classification of hematopoietic tumors adopted the term “plasmacytoid dendritic cell
neoplasm” to describe this entity [1], a nomenclature retained in the 2016 revision [7].

BPDCN is a rare hematological tumor with an unknown exact incidence. Estimating
its precise incidence is challenging due to evolving nomenclature and previously unde-
fined criteria before the 2008 World Health Organization classification system. BPDCN
accounts for 0.5% of all blood cancers [2], less than 1% of acute leukemias [8], 0.76% of
acute myeloid leukemias [9], 0.27% of non-Hodgkin’s lymphomas [9], and 0.7% of primary
cutaneous lymphoma [10]. However, these figures may be underestimations from cuta-
neous lymphoma registries, as a small yet significant number of patients present without
skin involvement [11].

BPDCN occurs across all races and geographic locations. However, data on incidence
variation by ethnicity or region are scarce. BPDCN has been reported in all age groups but
is most prevalent in adults, with a majority of the patients being elderly. The median age at
diagnosis ranges from 65 to 69 years [3,4,10]. The male-to-female ratio is approximately
2 to 3:1, with a slight male predominance [3,4,10]. BPDCN originates from bone marrow-
derived quiescent plasmacytoid dendritic cell (type 2 dendritic cell) precursors [10,12-14].

Functional inactivation of TET2 is observed in 70-80% of BPDCN cases, often involv-
ing biallelic TET2 mutations [15-17]. It is believed that clonal TET2-deficient plasmacytoid
dendritic cell progenitors migrate from the bone marrow to the skin and undergo a malig-
nant transformation in response to ultraviolet (UV) damage [15]. Mutations in RAS, copy
number loss of tumor suppressor genes (e.g.,, CDKN2A, SETD2, TP53), aberrant signal-
ing from the E-box transcription factor TCF4, and/or overexpression of FLT3, HES6, and
RUNX2 are implicated in the malignant transformation to BPDCN [18-20]. Additionally;,
studies have indicated a dependency on BCL2 expression, suggesting a potential sensitivity
to the BCL2 inhibitor venetoclax [20].

Most BPDCN patients present with bone marrow and skin involvement, with or
without leukemic dissemination [3]. One-third of cases show no signs of extracuta-
neous disease [4], while a small number present with leukemia and an absence of skin
lesions [21,22]. Skin manifestations include brown to purple bruise-like lesions, plaques, or
tumors that may be solitary or widespread [3]. The majority of patients exhibit cytopenia,
lymphadenopathy, and/or splenomegaly [3,11], and liver involvement is more common in
those with extensive bone marrow involvement [3]. Reports also include the involvement of
the tonsils, paranasal sinuses, lungs, eyes, central nervous system (CNS), and paravertebral
regions [3,11,22].

A retrospective series of 90 patients with skin lesions indicated that the clinical symp-
toms ranged from one or two skin nodules or tumors to disseminated skin spread [3]. Most
patients exhibit brown or purple nodular lesions (73%), “bruise-like” brown to purple infil-
trative macules (12%), and these can be categorized into the following three skin conditions:
disseminated, solitary, and mixed lesions (14%) [4].
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Approximately half of the patients initially present with focal nodular disease, consist-
ing of one or two nodules, while 27% have multiple nodules affecting one or two areas [3].
The most common sites for local involvement are the face or scalp (20%), lower extremities
(11%), trunk (9%), and upper extremities (7%). Subsequent evaluations reveal bone marrow,
lymph node, or blood involvement in 61% of cases [3], with CNS involvement in 11%.
About one-third show no evidence of nonskin disease [3].

Case reports also detail patients presenting with leukemia symptoms despite lacking
skin disease [22]. These patients exhibit abnormal circulating “lymphoid/monocytoid”
cells with or without leukocytosis, anemia, thrombocytopenia, hepatosplenomegaly, and
lymphadenopathy.

Diagnostic criteria are stipulated by the World Health Organization Classification
of Myeloid Tumors, 5th Edition (WHOS5) [5] and the International Consensus Classifica-
tion [23].

Histologically, BPDCN is characterized by a diffuse, monomorphic infiltrate of medium-
sized blasts resembling lymphoblasts or myeloblasts [24]. The nucleus typically has an
irregular outline with fine chromatin and one or more small nucleoli. The cytoplasm is
generally scanty, gray-blue, and agranular, with a variable number of mitoses.

The immunophenotype should test positive for CD123, CD4, and/or CD56, along with
at least one of the plasmacytoid dendritic cell (pDC) markers TCF4, TCL1, CD303 or CD304,
via multicolor flow cytometry and/or immunohistochemistry. Typically, CD3, CD14, CD19,
CD34, lysozyme, and myeloperoxidase are negative. Immunophenotyping may also be
performed if three or more PDCs markers are expressed and all expected negative markers
are absent [5].

The differential diagnosis for BPDCN includes malignancies with cutaneous manifesta-
tions and various leukemia such as acute myeloid leukemia, chronic myelomonocytic leukemia,
mature pDC cell proliferation, nasal-type extranodal natural killer / T-cell lymphoma, subcuta-
neous panniculitis-like T-cell lymphoma, and cutaneous T-cell lymphoma. Accumulations of
mature PDCs can also occur in some reactive conditions, like Kikuchi disease.

Optimal management strategies for BPDCN remain undefined. Conventional treat-
ments modeled after those for acute leukemia and lymphoma have been largely unsuc-
cessful. Patients undergoing allogeneic or autologous stem cell transplantation during the
first remission often fare well; however, conventional chemotherapy is linked with early
mortality rates of 17% to 26% and high relapse rates [2].

Nearly all cases of BPDCN exhibit the overexpression of interleukin-3 receptor subunit
alpha (IL3RA or CD123) [25-27]. Tagraxofusp, a CD123-directed cytotoxin that fuses
recombinant human interleukin-3 with truncated diphtheria toxin, has shown clinical
benefits in adult patients with untreated or relapsed BPDCN [2].

The risk of recurrence is high, and the prognosis remains poor due to CNS involvement
in BPDCN. Outcomes are most closely associated with age; a systematic review by Kim
M] et al., comparing 74 children to 283 adults (19 years of age and older) with BPDCN,
reported more favorable outcomes in children [28]. Children had higher rates of complete
remission (86 versus 52%, p < 0.01) and a longer mean time to death/relapse (12.0 £ 15.4
vs. 6.8 &+ 6.4 months, p = 1.0).

In adults, being over 60 years old is linked to worse outcomes [28,29]. There seems to
be no difference in the outcomes between patients presenting with skin-only disease and
those with systemic disease. Even those with localized disease tend to have a progressive
course and a poor prognosis [30]. MYC rearrangements have been associated with adverse
outcomes [30-33], although the prognostic significance of other genetic features has not
been clearly demonstrated.

Local radiation therapy has been utilized for patients with isolated skin lesions, partic-
ularly for those who are not suitable candidates for chemotherapy due to comorbidities or
advanced age and for patients who have experienced a relapse after systemic chemother-

apy [34].
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However, reports on radiotherapy for BPDCN are scarce, with even fewer detailing
radiation dose or fractionation. To our knowledge, doses ranging from 28.8 to 51 Gy
(median 36 Gy) have been employed (Table 1) [9,35-43], but there are instances where CR
occurred at doses around 27 Gy [37], suggesting that BPDCN may be highly radiosensitive,
similar to malignant lymphoma.

Table 1. Radiotherapy literature for blastic plasmacytoid dendritic cell neoplasm.

Author Age (years)/Sex  Treatment Site Co_?;ll::r:;t;on Fracggzztion Tr;af;r:;nt References
Anti-CD123-
Jiang, Y.-L 2020 10/M Scalp CAR T-cell 28.8 Gy/16 Fr CR [35]
therapy
Amitay-Laish, 12017 38/M Scalp Hyper-CVAD 36 Gy CR [38]
Ishibashi, N 2015 77/M Upper limb None 30 Gy PR [9]
Heinicke, T 2015 62/F Lower limb CHOP 40 Gy CR [41]
Yu, G 2015 79/M Back 50 Gy /25 Fr [42]
Tsunoda, K 2012 74/M Postauricular None 27 Gy CR [37]
Miyashita, A 2011 77/M Face None 51 Gy CR [9]
Dohm, A 2011 32/M Upper limb CHOP 36 Gy CR [40]
Chemothera
Matsuo, T 2011 66/M Chest, back, (details B 30 Gy Non-PD [43]
pharyx
unknown)
Kaune, KM 2009 66/F Inner malleous CHOP 34 Gy PR [39]
Fontaine, ] 2009 60/F Face L AN;IFI?IS,EX 40 Gy CR [36]
Our Case 90-/M Scalp None 45 Gy/15 Fr CR
Face None 30 Gy/10 Fr SD

Abbreviations: CR = complete response; PR = partial response; SD = stable disease; PD = progres-
sive disease; Anti-CD123-CAR T-cell therapy = anti-CD123 chimeric antigen receptor (CAR) T-cell ther-
apy; Hyper-CVAD = cyclophosphamide/vincristine/doxorubicin and dexamethasone; CHOP = cyclophos-
phamide/doxorubicin/vincristine and prednisone; MTX = methotrexate; L-ASP = l-asparaginase.

In this particular case, the patient’s poor prognosis was influenced by age and an
ECOG-PS score of 3, along with complications from bladder and kidney cancers and severe
renal impairment. Consequently, no chemotherapy was administered. The presence of
a prominent lesion in the frontal region posed an aesthetic concern for the patient, who
requested a reduction in the lesion; therefore, palliative radiotherapy aimed at improving
aesthetics through local control was performed. In the absence of clear guidelines, we
believe this approach is one of the correct options.

For the dose fractionation tailored to this case, the initial lesion received treatment
with 45 Gy /15 Fr. This dose division equates to an EQD2 of 48.75 Gy when /3 = 10 Gy,
which is considered an adequate dose for aggressive lymphomas. The initial lesions treated
with this regimen had almost disappeared approximately 3 months posttreatment, and
no evident local recurrence was noted for at least 7 months posttreatment, signifying that
45 Gy /15 Fr was suitably effective for local control.

In terms of adverse events, grade 1 dermatitis and hair loss were noted; however, no
severe adverse events were reported.

Even when considering reports from various sources, the dose division of 45 Gy /15 Fr
appears to be an ample dose for the purpose of local control. For the ectopic recurrent lesion,
due to a decline in general health caused by other illnesses, irradiation was unexpectedly
concluded at 30 Gy /10 Fr. This dosage is equivalent to 32.5 Gy in EQD2 terms. Since his
demise occurred shortly after, medium- to long-term follow-up could not be conducted;
however, at least 1 month posttreatment for the ectopic recurrent lesion, there was no
noticeable growth, and the lesion’s coloration seemed to be fading. Family reports also
indicated that irradiation at 30Gy/10Fr alone was effective [9,37], suggesting that a certain
level of local control might be anticipated with this dosage.
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4. Conclusions

Here, we report the progression of a case where radiation therapy was unexpectedly
administered twice with varying dose fractions for a BPDCN skin lesion. This constitutes
the first detailed account of radiotherapy for the exceedingly rare BPDCN, inclusive of
dose fractionation. Drawing from our experience and the literature, we believe that a dose
fractionation of 45 Gy /15 Fr will ensure adequate local control. It was also suggested that a
certain degree of local control can be expected with a dose fractionation of 30 Gy /10 Fr.

When considering local control in cases with a long-term prognosis, full consideration
should be given to the dose fractionation of 45 Gy /15 Fr. Conversely, even in instances
where a long-term prognosis is not anticipated, selecting 30 Gy /10 Fr may be viable as
it can confer some level of local control. However, it is important to acknowledge that
this report pertains to a single case, thereby imposing limitations on extrapolating these
findings to all BPDCN patients. The accumulation of additional cases, continued research,
and further validation are imperative. We hope that this report will aid in determining the
appropriate dose fractionation for radiotherapy in BPDCN cases.
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