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Abstract. The present study describes a rare case of plas‑
macytoid dendritic cell‑associated acute myeloid leukemia 
(pDC‑AML). A 70‑year‑old male patient was diagnosed 
with pDC‑AML and underwent induction chemotherapy 
using the venetoclax + azacitidine (VA) regimen. After 
3 weeks of treatment, bone marrow examination indicated 
a morphologic leukemia‑free state (MLFS); however, the 
patient experienced persistent cytopenia, which was further 
complicated by severe pneumonia and gastrointestinal 
bleeding, both of which improved following treatment. After 
3 weeks in MLFS, bone marrow morphology and minimal 
residual disease analysis revealed a relapse of leukemia. The 
patient subsequently underwent treatment with selinexor in 
conjunction with the VA regimen; however, due to severe 
thrombocytopenia, the family decided to discontinue further 
treatment. The patient subsequently succumbed shortly after 
discharge. pDC‑AML is an extremely rare disease character‑
ized by low complete remission rates and a poor prognosis. 
While the VA regimen demonstrates rapid efficacy and 
favorable safety in elderly patients, especially those unable to 
tolerate intensive chemotherapy, the risk of relapse remains 
substantial. CD123‑targeted therapies may present potential 
new therapeutic options for this disease. Improving remis‑
sion rates and extending survival in patients with pDC‑AML 
remain pressing clinical challenges.

Introduction

Acute myeloid leukemia (AML) is a clonal hematological 
malignancy marked by uncontrolled proliferation and 
impaired differentiation of myeloid precursors. The pathogen‑
esis of AML involves diverse genetic mutations and dysregulated 
signaling pathways, such as FLT3‑ITD and NPM1 mutations, 
which are frequently implicated in disease progression (1,2). 
According to GLOBOCAN 2022 data, ~119,000 new cases of 
AML are diagnosed globally each year, accounting for ~23% 
of all leukemia cases (3). In European Union countries, the 
incidence of AML is ~3.7/100,000 population, representing 
25‑30% of all leukemia cases (4). Data from the Surveillance, 
Epidemiology, and End Results database have indicated that 
the 5‑year relative survival rate for patients with AML in 
the United States is 32.9%; however, this rate varies by age, 
reaching 69% in younger patients (<20 years) and reducing 
to 6.5% in older patients (≥65 years) (5). Standard treatment 
for AML typically involves a combination of chemotherapy 
and targeted agents. For high‑risk patients, hematopoietic stem 
cell transplantation (HSCT) remains a key strategy to improve 
long‑term survival outcomes (6,7). Furthermore, advances in 
genomic profiling have enabled more precise identification of 
molecular alterations, thus facilitating risk stratification and 
guiding personalized treatment approaches  (8,9). Age is a 
critical prognostic factor in AML. Younger patients generally 
tolerate intensive chemotherapy better and have higher rates 
of complete remission. By contrast, older patients often have 
comorbidities and reduced treatment tolerance, requiring 
modified regimens such as low‑intensity chemotherapy or 
hypomethylating agents (10,11). Among the various subtypes 
of AML, plasmacytoid dendritic cell‑associated AML 
(pDC‑AML) is extremely rare and exhibits distinct clinical 
and biological features. For example, RUNX1 mutations are 
the most common somatic alterations in pDC‑AML, with a 
significantly higher incidence than in other AML subtypes (12). 
The pathogenesis of pDC‑AML is complex, involving aberrant 
activation of multiple signaling pathways and inactivation of 
tumor suppressor genes. For example, dysregulation of inflam‑
matory pathways and the JAK signaling pathway, as well as 
mutations in key genes such as NPM1, FLT3, IDH1/2 and 
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TP53, serve important roles in the development and progres‑
sion of pDC‑AML (13‑16). Although its incidence is low, 
pDC‑AML is highly aggressive and poses a notable threat to 
patient health and survival (17).

Currently, treatment options for pDC‑AML include 
conventional chemotherapy, targeted therapies, immuno‑
therapies and HSCT. However, the classical ‘3+7’ regimen 
(cytarabine + anthracycline) exhibits limited efficacy in 
pDC‑AML (18). With advancing insights into the molecular 
mechanisms of AML, targeted therapies and immunotherapies 
tailored to specific genetic mutations have shown promise. 
Nevertheless, even in cases achieving complete remission (CR), 
the risk of relapse remains high, and the overall survival (OS) 
of patients with pDC‑AML is lower than that of patients with 
general AML. The prognosis is particularly poor in elderly 
individuals and those with adverse genetic features; notably, 
complex karyotypes and polyclonal genetic heterogeneity 
are considered important factors influencing the prognosis 
of patients with AML, with these effects being especially 
pronounced in the elderly population, thereby adding further 
complexity to clinical management (19‑21).

As a distinct subtype of AML, pDC‑AML presents unique 
challenges in treatment selection. The present study describes 
the case of an elderly patient with pDC‑AML who was treated 
with the venetoclax + azacitidine (VA) regimen, and discusses 
the diagnostic and therapeutic characteristics in the context of 
a literature review.

Case report

In February 2024, a 70‑year‑old male patient was admitted to 
Jiaozuo People's Hospital (Jiaozuo, China) with complaints of 
‘bilateral lower limb weakness for 2 weeks and fever for 1 day’. 
Physical examination upon admission revealed severe anemia, 
with markedly pale facial appearance. Enlarged, non‑tender 
lymph nodes were palpable bilaterally in the cervical and 
axillary regions, with a maximum diameter of ~2x1 cm. A 
complete blood count indicated hematopoietic abnormalities: 
The white blood cell count was 16.98x109/l (normal range, 
3.5‑9.5x109/l), hemoglobin levels were 65 g/l (normal range, 
115‑150 g/l) and the platelet count was 5.00x109/l (normal 
range, 125‑300x109/l).

A peripheral blood smear revealed leukocytosis with 
a notable absence of granulocytes and ~14% blasts. Bone 
marrow cytology revealed markedly hypercellular marrow 
with notable reductions in granulocytic and erythroid 
lineages, and blasts accounting for 83.5% of nucleated cells 
(Fig. 1A). Karyotype analysis showed a normal 46, XY [20] 
profile. Bone marrow biopsy indicated active proliferation 
with diffuse infiltration by immature cells, sparse granulo‑
cytic and erythroid components, and mild reticulin fibrosis 
(Fig. 2A and B). For hematoxylin and eosin (H&E) staining, 
bone marrow tissue was fixed in 10% neutral buffered 
formalin at room temperature for 24  h, then dehydrated 
and embedded in paraffin. The embedded tissue was then 
sectioned into 4‑µm slices, which were dewaxed with xylene, 
rehydrated through a graded alcohol series (100, 95, 90, 
80 and 70%, 5 min each) and rinsed with distilled water. 
Subsequently, the sections were stained with hematoxylin 
for 4‑8  min at room temperature, rinsed with tap water, 

then stained with eosin for 1‑3 min at room temperature 
and rinsed again. The sections were successively immersed 
in 95% alcohol, anhydrous ethanol and xylene for 5 min 
each for dehydration. Finally, the samples were dried and 
mounted with neutral gum. The stained sections were exam‑
ined under a light microscope (Olympus BX53; Olympus 
Corporation). For reticular fiber staining, the aforementioned 
paraffin‑embedded bone marrow tissue sections were first 
treated with an oxidizing agent (potassium dichromate solu‑
tion) for 10 min at room temperature. Then, the sections 
are treated with sodium metabisulfite for 5 min at room 
temperature and were immersed in a silver staining solution 
(Reticular Fiber Staining Kit; cat.  no. HS2010; Celnovte 
Biotechnology Co., Ltd.) for ~15 min at room temperature, 
allowing silver ions to deposit on the reticular fibers and 
appear black. The development step was completed by 
treating the sections with formaldehyde solution for 2 min 
at room temperature, followed by fixation with sodium thio‑
sulfate for 5 min at room temperature. Finally, the sections 
underwent dehydration and clearing sequentially, each step 
lasting ~5 min at room temperature, and were mounted with 
a coverslip. The stained sections were examined under a light 
microscope (Olympus BX53; Olympus Corporation).

Flow cytometry identified aberrant leukemic immu‑
nophenotypes, with nucleated cells expressing HLA‑DR, 
CD38, CD13, CD33 and CD64, along with partial expres‑
sion of CD117 and TdT (Fig. 3A). There was no expression 
of cytoplasmic MPO (cMPO), CD34, CD123, CD10, CD19, 
CD22, CD20, cytoplasmic IgM (cIgM), CD15, CD14, CD64, 
CD56, CD7, CD2, CD3, CD4, CD8, CD5, CD11b, CD1a or 
cytoplasmic CD79a (cCD79a), suggesting atypical myeloid 
blasts. For flow cytometry, 100 µl EDTA‑anticoagulated bone 
marrow samples were added to each tube and antibodies 
were added, including HLA‑DR (cat. no. ab92511; Abcam), 
CD38 (cat. no. ab108403; Abcam), CD34 (cat. no. ab315802; 
Abcam), CD13 (cat.  no.  ab317440; Abcam), CD33 
(cat. no. ab134115; Abcam), CD117 (cat. no. ab317843; Abcam), 
TdT (cat. no. ab183341; Abcam), cMPO (cat. no. ab208670; 
Abcam), CD123 (cat.  no.  ab280355; Abcam), CD10 
(cat. no. ab227640; Abcam), CD19 (cat. no. ab320733; Abcam), 
CD22 (cat. no. ab254171; Abcam), CD20 (cat. no. ab219329; 
Abcam), cIgM (cat.  no.  ab212201; Abcam), CD15 
(cat. no. ab241552; Abcam), CD14 (cat. no. ab314062; Abcam), 
CD64 (cat. no. ab109449; Abcam), CD56 (cat. no. ab220360; 
Abcam), CD7 (cat.   no.  ab109296; Abcam), CD2 
(cat. no. ab314761; Abcam), CD3 (cat. no. ab243873; Abcam), 
CD4 (cat. no. ab213215; Abcam), CD8 (cat. no. ab237709; 
Abcam), CD5 (cat.  no.  ab300144; Abcam), CD11b 
(cat. no. ab224805; Abcam), CD1a (cat. no. ab313875; Abcam) 
and cCD79a (cat. no. ab133483; Abcam), all at a dilution of 
1:1,000. The fluorescent conjugation kits including allo‑
phycocyanin (APC; cat. no. ab201807; Abcam), APC‑Cy7 
(cat. no. ab102859; Abcam), PerCP‑Cy5.5 (cat. no. ab102911; 
Abcam), phycoerythrin (PE; cat.  no.  ab102918; Abcam), 
PE‑Cy7 (cat. no. ab102903; Abcam), fluorescein isothiocyanate 
(cat. no. ab102884; Abcam) and Violet‑450 (cat. no. ab312804; 
Abcam) were used to label the primary antibodies directly. 
Conjugation was performed by adding a modifier (1 mg/ml) 
to the primary antibody and incubating them for 3 h at room 
temperature, followed by the addition of a quencher and an 
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additional 30‑min incubation, in accordance with the manu‑
facturer's instructions.

After gentle mixing, the samples were incubated in the 
dark at room temperature for 20  min. Subsequently, 3% 
paraformaldehyde was added, and the samples were incubated 
again in the dark at room temperature for 10 min. Then, 1 ml 
purified water was added to the samples, which were shaken 
and incubated in the dark for another 10 min at room tempera‑
ture. Subsequently, the samples were centrifuged at 160 x g for 

5 min at room temperature and the supernatant was discarded. 
The pellet was resuspended in 2 ml PBS, centrifuged again 
at room temperature, and finally resuspended in 500  µl 
PBS. After mixing, the samples were analyzed using a flow 
cytometer (CytoFLEX; Beckman Coulter, Inc.) and data were 
processed with Kaluza 2.1.1 software (Beckman Coulter, Inc.).

Bone marrow cells from the patient were used for 
next‑generation sequencing (NGS) for AML/myelodysplastic 
syndromes (MDS)/myeloproliferative neoplasms‑related 

Figure 1. Morphological analysis and blast proportion changes in bone marrow cells before and after treatment. (A) Morphological examination of bone 
marrow cells conducted before and after treatment. Magnification, x1,000; scale bar, 10 µm. (B) Proportion of blasts in peripheral blood before and after 
treatment. (C) Proportion of blasts in bone marrow before and after treatment.

https://www.spandidos-publications.com/10.3892/ol.2025.15202
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genes. For sequencing, the RNA was prepared using a 
commercial kit (cat. nos. DP431; Tiangen Biotech, Co., Ltd.). 

The purities and concentrations of RNA was confirmed 
by Nanodrop 2000 (Thermo Fisher Scientific, Inc.) and 

Figure 2. Histological examination of bone marrow via H&E and reticulin fiber staining. (A) H&E staining of bone marrow. Magnification, x40 or x400; scale 
bars, 500 or 50 µm. (B) Reticulin fiber staining of bone marrow. Magnification, x40; scale bar, 50 µm. H&E, hematoxylin and eosin.

Figure 3. Representative flow cytometry plots showing both the abnormal myeloid blast population and the pDCs. (A) Abnormal myeloid population 
(CD117part+, HLA‑DR+, CD13+, CD33+, CD38+, CD64+, CD34‑). The green population represents lymphocytes, brown indicates pDCs, red corresponds to 
myeloid blasts, blue denotes granulocytes, and orange represents monocytes. The brown cell populations in the boxes represent abnormal pDCs. (B) The 
brown cell populations abnormal pDCs (CD4+, CD123+, HLA‑DR+, CD36‑, CD56‑, CD11c‑). Boxed regions were used to highlight representative areas. pDCs, 
plasmacytoid dendritic cells.
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Qubit 3.0 Fluorometer (Thermo Fisher Scientific, Inc.). The 
Qsep400 nucleic acid fragment analyzer (Hangzhou Houze 
Bio‑Technology Co., Ltd.) was utilized to evaluate the integ‑
rity of RNA. The library was constructed using the KAPA 
EvoPlus Kit (cat. no. 9420053001; Kapa Biosystems, Roche 
Diagnostics), followed by 150  bp paired‑end sequencing 
on the Illumina NextSeq 550 high‑throughput sequencing 

platform (Illumina, Inc.). The sequencing was performed 
using the NextSeq 500/550 High Output Kit v2.5 (300 cycles; 
cat. no. 20024908; Illumina Inc.). The final library concentra‑
tion was quantified using the Qubit 3.0 Fluorometer (Thermo 
Fisher Scientific, Inc.), and the loading concentration was 
~14 pM. The results identified multiple tier 1 mutations: ZRSR2 
p.H191Y (96.60%), DNMT3A p.R882H (48.10%), RUNX1 

Figure 5. Timeline of the clinical course. The timeline summarizes the key events in the patient's clinical course, including initial presentation, diagnosis, ther‑
apeutic interventions, disease progression and final outcome. AML, acute myeloid leukemia; pDC, plasmacytoid dendritic cell; VA, venetoclax + azacitidine.

Figure 4. Analysis of abnormal dendritic cell proportions before and after treatment. (A) Flow cytometry analysis of abnormal plasmacytoid dendritic cells 
(CD4+, CD123+, HLA‑DR+, CD36‑, CD56‑ and CD11c‑) in bone marrow before and after treatment. Only the CD123+/HLA‑DR+ population is presented 
to highlight the key diagnostic features; other markers, such as CD4+, are not presented here. The cell populations in the boxes represent abnormal pDCs. 
(B) Abnormal pDCs proportions in bone marrow before and after treatment. (C) Morphological analysis of abnormal pDCs in bone marrow. Magnification, 
x1,000; scale bar, 10 µm. pDCs, plasmacytoid dendritic cells.

https://www.spandidos-publications.com/10.3892/ol.2025.15202
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p.I195fs (46.70%), ASXL1 p.G642fs (44.80%) and EZH2 
p.L149R (44.80%). Additionally, multiple FLT3 mutations 
were detected, including p.N676K (17.30%), p.A680V (6.30%) 
and p.K663R (2.50%), as well as FLT3‑TKD p.D835E (1.90%) 
and FLT3‑ITD (0.16%). These genes are related with the 
pathogenesis and relapse of AML to some extent (12,22‑36). 
Based on the morphological, immunological, cytogenetic and 
molecular features of the patient, they were diagnosed with 
AML.

A total of 5 days after admission, considering that the 
patient was aged >60 years and had a history of recurrent 
pulmonary infections, they were deemed ‘unfit’ for intensive 
chemotherapy; therefore the patient commenced induction 
chemotherapy with the VA regimen (oral venetoclax: 100 mg 
on day 1, 200 mg on day 2, 400 mg on days 3‑21; subcutaneous 
injection of azacitidine: 75 mg·m²·d-¹ for 7 days). After 2 weeks 
of treatment, as of early March 2024, follow‑up assessments 
revealed the absence of leukemic cells in the peripheral blood 
smear (Fig. 1B). Bone marrow cytology indicated pancyto‑
penia with a reduced blast percentage of ~11.0%, representing a 
significant decrease from the initial diagnosis (Fig. 1A and C). 
Minimal residual disease (MRD) analysis detected abnormal 
myeloid blasts (CD117part+, HLA‑DR+, CD13+, CD33+, CD38+, 
CD64+, CD34‑) accounting for 12.65% of nucleated cells 
(Fig. 3A). Furthermore, an abnormal dendritic cell popula‑
tion (CD4+, CD123+, HLA‑DR+, CD36‑, CD56‑, CD11c‑) was 
detected (Fig. 3B), comprising 33.40% of nucleated cells, 
which was a marked increase from baseline levels (Fig. 4A‑C). 
However, the patient experienced persistent cytopenia, which 
was further complicated by severe pneumonia and gastroin‑
testinal bleeding, both of which improved following treatment 
with broad‑spectrum antibiotics (meropenem and vanco‑
mycin), hemostatic agents (tranexamic acid) and proton pump 
inhibitors (esomeprazole) as part of supportive care. Based on 
the bone marrow morphology and MRD findings, the diag‑
nosis was updated to pDC‑AML, and the patient continued 
venetoclax therapy without azacitidine.

Approximately 2 weeks later, re‑examinations showed no 
blasts in the peripheral blood smear (Fig. 1B). Bone marrow 
cytology indicated a further reduction in blast percentage to 
3.5% (Fig. 1A and C). Furthermore, MRD analysis revealed 
1.89% abnormal dendritic cells, which was significantly reduced 
compared with previous measurement (Fig. 4A and B). These 
results suggested a morphologic leukemia‑free state (MLFS).

Approximately 3 weeks later, the clinical condition of the 
patient deteriorated, with blasts reappearing in the peripheral 
blood smear (Fig.  1B). Bone marrow cytology indicated 
an increased blast percentage of 16% (Fig. 1A and C), and 
MRD analysis revealed 3.37% abnormal dendritic cells 
(Fig. 4A and B), confirming a relapse of leukemia. After 5 days, 
the patient underwent salvage therapy with a combination of 
selinexor and the VA regimen (selinexor: 40 mg orally twice 
weekly; oral venetoclax: 100 mg on day 1, 200 mg on day 2, 
400 mg on days 3‑21; subcutaneous injection of azacitidine: 
75 mg·m²·d-¹ for 7 days). Unfortunately, the patient subse‑
quently experienced severe myelosuppression, life‑threatening 
pulmonary infections and gastrointestinal bleeding, and 
their condition continued to deteriorate. Consequently, the 
family decided to discontinue treatment, and the patient was 
discharged 2 days after the induction of salvage therapy. The 

patient subsequently succumbed 7 days later with an OS of 
70 days.

Fig. 5 provides a timeline summarizing the key events in 
the clinical course of the patient, including the initial presen‑
tation, diagnosis, treatments, disease progression and final 
outcome.

Discussion

AML is an aggressive hematological malignancy predomi‑
nantly affecting hematopoietic stem cells within the bone 
marrow; it is characterized by the clonal proliferation and 
differentiation arrest of myeloid blasts, leading to impaired 
normal hematopoiesis (37‑39). pDCs are a crucial immune 
cell subset capable of rapidly producing interferon‑γ (IFN‑γ), 
which serve an essential role in bridging innate and adaptive 
immune responses. Upon pathogen recognition, pDCs secrete 
substantial amounts of type I IFNs (predominantly IFN‑α and 
IFN‑β), which are not only pivotal in antiviral defense but 
also exhibit significant antileukemic activity (40). In recent 
years, substantial progress has been made in the treatment of 
AML, particularly in the areas of targeted therapy, immuno‑
therapy and epigenetic regulation. The BCL‑2 inhibitor‑based 
regimen, represented by venetoclax in combination with 
azacitidine, has become the first‑line treatment option for 
elderly patients or those unfit for intensive chemotherapy (41). 
Moreover, novel targeted agents such as the FLT3 inhibitor 
gilteritinib and IDH1/2 inhibitor ivosidenib have markedly 
improved survival outcomes in patients with specific molecular 
subtypes (42‑45). In the field of immunotherapy, CD3/CD123 
bispecific antibodies and CD123‑targeted chimeric antigen 
receptor‑T cell therapies have shown promising therapeutic 
potential in relapsed or refractory AML, offering novel 
options for immune‑based interventions (46‑48). With regard 
to epigenetic therapies, oral azacitidine has demonstrated 
marked efficacy as a maintenance treatment in AML. A 
previous clinical study reported a 12‑month relapse‑free 
survival rate of 66.9% and an OS rate of 74.5% among treated 
patients (49). In addition, LSD1 inhibitors have shown consid‑
erable promise in cancer therapy. Dual inhibition of LSD1 
and histone deacetylases has been shown to suppress tumor 
growth and to exert synergistic efficacy in multiple myeloma 
and other malignancies (50,51). Furthermore, MRD moni‑
toring based on NGS and high‑sensitivity flow cytometry, 
in combination with CRISPR‑based functional screening, 
has provided new insights and strategies for individualized 
treatment and overcoming drug resistance (52‑54). Future 
research will focus on optimizing combinatorial targeted 
and immune‑based therapies, and developing MRD‑guided, 
response‑adaptive treatment strategies to further improve the 
prognosis of AML.

In patients with AML, pDCs display a notable reduction 
in type I IFN secretion, resulting in decreased production 
of these essential molecules. This deficiency compromises 
the resistance to viral infections, and diminishes the direct 
or indirect suppression of leukemic cells  (55). Moreover, 
within the AML microenvironment, pDCs may undergo 
reprogramming, leading to the production of elevated levels 
of immunomodulatory cytokines such as interleukin‑10; this 
cytokine suppresses T cells and other immune effector cells, 
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thereby facilitating immune evasion and the survival of AML 
cells (56). Additionally, AML cells can secrete specific cyto‑
kines and chemokines to modulate pDCs, inducing the release 
of tumor‑promoting factors, or interact with pDC receptors 
via ligand expression to evade immune surveillance, further 
promoting the survival and proliferation of AML cells (57).

The World Health Organization 5th edition classification of 
hematolymphoid tumors categorizes pDC‑related neoplasms 
into two distinct categories: Blastic pDC neoplasm (BPDCN) 
and mature pDC proliferation (MPDCP) (58). The latter is 
exceedingly rare and is characterized by the presence of two 
clonal populations: pDCs and a myeloid neoplasm clone. The 
pDC population exhibits morphological similarities to normal 
pDCs and exhibits immunophenotypic characteristics akin 
to reactive pDCs, typically expressing CD68, CD123, CD303 
and CD304, while lacking CD56 and exhibiting low Ki‑67 
expression (59‑61). MPDCP frequently arises in MDS, chronic 
myelomonocytic leukemia and AML with monocytic differ‑
entiation (AML‑M4/M5)  (57). Clinically, it often presents 
with lymphadenopathy, erythema or papules. Despite reduc‑
tions or resolution of pDC infiltration during remission, the 
overall prognosis remains poor (62). In healthy individuals, 
pDCs typically account for 0.2‑0.8% of peripheral blood 
mononuclear cells and <0.4% of bone marrow nucleated cells; 
however, these values may vary with age, immune status or 
comorbidities (63). They characteristically express CD123, 
CD303 and CD304, without CD34 or CD117. By contrast, the 
abnormal pDC population in the present patient demonstrated 
a markedly increased proportion (15.89% at diagnosis, rising 
to 33.40% during chemotherapy) and aberrant immunopheno‑
type (CD4+/CD123+/HLA‑DR+, Fig. 3B), clearly distinguishing 
them from normal or reactive pDCs. This suggests that the 
quantitative criteria and qualitative markers of pDC may aid 
in the establishment of a diagnostic threshold for pDC‑AML 
in the future.

In pDC‑AML, leukemic stem cells (LSCs) exhibit aberrant 
differentiation capacity, and under specific stimuli or genetic 
alterations they may differentiate not only into myeloid blasts 
but also into pDCs, contributing to pDC proliferation (64). 
Thus, the relapse in the present case is likely driven by a 
common precursor: Either LSCs or even earlier abnormal 
hematopoietic progenitors, which give rise to both leukemic 
blasts and pDCs. Although the dominant population at relapse 
appears to be myeloid blasts (3.37%), the concurrent increase 
in pDCs (from 1.89 to 3.37%) suggests clonal evolution and 
co‑proliferation, rather than an exclusive lineage‑driven 
process. CD123 is expressed not only on pDCs but also on 
leukemic stem/progenitor cells in pDC‑AML. Treatment with 
CD123‑targeting agents such as tagraxofusp has resulted in 
reduction of both pDCs and CD34+ blasts, supporting the 
hypothesis that CD123‑targeted therapy could still be a rational 
approach, even when relapse is primarily driven by myeloid 
blasts (57). Combination strategies, such as SL‑401 with VA, 
may enhance efficacy. Moreover, since the leukemic blasts and 
pDCs in pDC‑AML often share genetic mutations, therapies 
targeting shared molecular lesions could also represent viable 
alternatives (64).

Advances in diagnostic techniques have indicated that 
pDCs in AML may originate from malignant clones (65). A 
previous study reported that tumor‑forming pDC infiltration 

was detected in 1.13% of AML cases between November 2013 
and September 2016, while another analysis revealed signifi‑
cantly higher detection rates of tumor‑forming pDC infiltration 
(38.03%) in AML‑M4 and M5 subtypes. This suggests that 
pDCs in these subtypes may derive from leukemic blasts or 
stem cells (57). Furthermore, cross‑lineage expression patterns 
and somatic mutations associated with poor prognosis, such 
as RUNX1, are more prevalent in pDC‑AML compared with 
general AML cases; this underscores the impact of cellular 
origin or differentiation stage on biological behavior and clin‑
ical outcomes (17). In the present study, retrospective analysis 
of the initial diagnostic flow cytometry data (February 2024) 
revealed a minor population of CD4+/CD123+/HLA‑DR+ cells 
(15.89% of nucleated cells). However, these cells were initially 
overlooked due to overlapping immunophenotypic features 
with myeloid blasts (partial CD34 expression) and the absence 
of a dedicated pDC‑focused panel. This case highlights the 
diagnostic value of incorporating pDC‑specific markers, such 
as CD303, CD304 and CD123 into standard AML immuno‑
phenotyping.

The present case involved an elderly patient who presented 
with clinical manifestations including fever, fatigue, palpita‑
tions, dyspnea and epistaxis. Initial diagnostic evaluations 
indicated anemia, severe thrombocytopenia and superficial 
lymphadenopathy. Bone marrow analysis revealed hyperplasia 
with a blast cell proportion of 83.5%, whereas NGS identi‑
fied mutations in genes such as ZRSR2, DNMT3A, RUNX1, 
ASXL1, EZH2 and FLT3, all of which are associated with poor 
prognosis. Mutations in the ZRSR2 gene have been impli‑
cated in aberrant RNA splicing and impaired hematopoietic 
differentiation in AML (22). In myeloid malignancies, ZRSR2 
mutations are frequently associated with dysfunctional pDCs, 
potentially disrupting their differentiation and activation (23). 
Moreover, emerging evidence has suggested that splicing 
defects driven by this mutation may promote abnormal expan‑
sion and impaired function of pDCs, ultimately influencing 
disease course and prognosis (12,60). DNMT3A mutations, 
among the most prevalent in AML, are thought to contribute 
to leukemogenesis via epigenetic dysregulation  (24). In 
pDC‑AML, DNMT3A mutations may drive malignant prolif‑
eration of pDCs by altering DNA methylation patterns, and 
disrupting gene expression programs involved in cell prolif‑
eration and differentiation (25,26). RUNX1 mutations enhance 
self‑renewal of LSCs and block granulocytic differentiation, 
thus serving a central role in AML pathogenesis (27). In the 
context of pDC‑AML, RUNX1 loss‑of‑function may further 
inhibit the terminal differentiation of pDCs, contributing to 
leukemic transformation (12). ASXL1 mutations are frequently 
observed in myeloid malignancies and are typically associated 
with poor prognosis (28,29). In AML, ASXL1 mutations often 
co‑occur with mutations such as DNMT3A and FLT3‑ITD, 
amplifying epigenetic dysregulation and accelerating disease 
progression (30,31). Aberrant expression of EZH2 in AML 
not only impairs cellular proliferation and differentiation but 
also contributes to therapy resistance and relapse, making it 
a promising therapeutic target  (32). In pDC‑AML, EZH2 
may act synergistically with ASXL1 to maintain an undif‑
ferentiated pDC phenotype  (33). The FLT3‑ITD mutation 
is one of the most common kinase alterations in AML, 
found in ~30% of newly diagnosed cases (34). It frequently 
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coexists with mutations such as RUNX1, and this combinato‑
rial effect may result in greater tumor aggressiveness and drug 
resistance (35). Despite the development of multiple FLT3 
inhibitors, resistance mechanisms often limit their clinical 
efficacy (34). Moreover, co‑mutations involving FLT3‑ITD, 
NPM1 and DNMT3A are associated with inferior overall 
and event‑free survival outcomes  (31). Understanding the 
interaction between FLT3‑ITD and other cooperating muta‑
tions is therefore critical for improving risk stratification and 
therapeutic decision‑making in AML  (36). In the present 
study, abnormal pDCs, exhibiting a phenotype indicative of 
malignant infiltration, were detected in the bone marrow. 
The proportion of these cells increased to 33.40% during 
chemotherapy but subsequently decreased as treatment proved 
effective; however, upon disease progression, the pDC popula‑
tion expanded again, suggesting that these cells may originate 
from leukemic blasts or stem cells and that their infiltration 
could evolve alongside the progression of the myeloid malig‑
nancy. This finding highlights the potential role of pDCs in the 
pathogenesis of AML.

The standard first‑line chemotherapy regimen for AML 
typically comprises the idarubicin + cytarabine regimen. 
Studies have suggested that AML cases with pDC infiltration 
may demonstrate resistance to a range of chemotherapeutic 
agents, including cytarabine, idarubicin, cladribine, homohar‑
ringtonine, fludarabine, decitabine, venetoclax, bortezomib, 
all‑trans retinoic acid, vincristine, cyclophosphamide, metho‑
trexate and methylprednisolone  (57,66‑69). Sensitivity to 
vinorelbine and carboplatin is moderate, whereas resistance 
to daunorubicin and sorafenib is evident. These patients typi‑
cally present with elevated bone marrow blast counts and 
increased hemoglobin levels, necessitating a greater number of 
chemotherapy cycles to achieve CR. Moreover, these patients 
experience significantly reduced OS and progression‑free 
survival (57).

BPDCN cells universally exhibit upregulation of CD123 
and targeted therapies, such as the CD123‑directed fusion 
protein SL‑401, have shown promising efficacy in the treat‑
ment of BPDCN (70). In December 2018, the United States 
Food and Drug Administration approved tagraxofusp (SL‑401) 
for BPDCN treatment. Considering the presence of abnormal 
CD123+ clones in pDC‑AML, combining tagraxofusp with 
conventional chemotherapy could potentially enhance 
therapeutic efficacy (71,72). Current clinical trials are inves‑
tigating the effectiveness of CD123‑targeted therapies (73,74). 
Furthermore, a preclinical study using animal models of 
pDC‑AML reported notable reductions in bone marrow cell 
populations, including CD34+ clones, following tagraxofusp 
treatment  (12). Nonetheless, to the best of our knowledge, 
clinical data regarding the efficacy of tagraxofusp in patients 
with pDC‑AML are currently unavailable (75).

In the present case, this patient was aged >60 years and 
had a history of recurrent pulmonary infections, and was thus 
deemed ‘unfit’ for intensive chemotherapy. In accordance with 
international and domestic guidelines, a treatment regimen 
comprising venetoclax (100 mg on day 1, 200 mg on day 2, 
400 mg on days 3‑21) combined with azacitidine (75 mg·m²·d-¹ 
for 7 days) was selected for induction chemotherapy. A total of 
10 days following the initiation of treatment, a bone marrow 
biopsy revealed a MLFS; however, the patient subsequently 

experienced severe myelosuppression, life‑threatening 
pulmonary infections and gastrointestinal bleeding. Despite 
supportive care and modifications to the treatment plan, 
leukemic blasts proliferated rapidly and the patient succumbed 
to disease progression shortly after being discharged, following 
the decision of the family to discontinue therapy. This case 
underscores the challenges and complexities involved in 
treating elderly patients with AML, particularly those with 
multisystem involvement and severe infections.

In summary, pDC‑AML is a rare subtype of AML char‑
acterized by distinct clinical features and a poor prognosis. 
The development of individualized treatment strategies incor‑
porating novel agents, such as the BCL‑2 inhibitor venetoclax 
combined with demethylated drugs, is essential for improving 
patient outcomes. Furthermore, therapies targeting CD123 
may offer additional therapeutic options; however, further 
clinical research and data are needed to validate their efficacy 
and establish optimal protocols.
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