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Abstract. Myeloid sarcoma (MS) is a rare extramedullary 
tumor originating from immature bone marrow cells. MS of 
the breast is an extremely uncommon disease with non‑specific 
clinical and radiological features. The present case report 
describes a distinctive case of MS of the breast, which posed 
diagnostic challenges due to the absence of typical imaging 
characteristics at the time of presentation. The patient was a 
58‑year‑old woman who presented with a breast mass. Further 
examination and testing confirmed the diagnosis of MS in 
the right breast, with metastases to the right iliac, pubic and 
ischial regions. Immunohistochemical analysis identified 
metastatic tumors distinguished by the expression of a number 
of markers, including Ki‑67, myeloperoxidase and cluster 
of differentiation 43. The patient underwent six cycles of 
chemotherapy with a regimen comprising etoposide, methyl‑
prednisolone, cytarabine and cisplatin, and 28 cycles (56 cGy 
each) of consolidation radiotherapy. Extensive examination 
and long‑term follow‑up revealed no further tumor recur‑
rence or metastasis. Myeloid sarcomas of the breast typically 
manifest as palpable masses requiring diagnostic imaging. 
However, due to the rarity of MS of the breast without any 
signs of leukemia, its diagnosis and treatment are challenging. 
The present case report highlights the importance of main‑
taining high clinical, radiological and pathological standards 
when diagnosing this disease. Additionally, a comprehensive 

review of the literature on breast MS is provided. This 
highlights the necessity for clinicians to consider this rare 
diagnosis in patients presenting with a breast mass, to facilitate 
the appropriate treatment and prevent unnecessary procedures 
such as mastectomies.

Introduction

Myeloid sarcoma (MS) of the breast is an extremely rare 
disease, occurring as a manifestation in only 0.12% of 
patients with acute myeloid leukemia (AML)  (1). It is an 
extramedullary tumor comprising immature cells derived 
from the myeloid lineage. While MSs can affect various 
organs, including the breast, skin, lymph nodes, intestines, 
bones and central nervous system, the isolated involvement of 
the breast is extremely rare, with only a few reported cases in 
the literature (2,3). The clinical manifestations of breast MS 
are often nonspecific, which makes the initial clinical assess‑
ment challenging, particularly in patients who have exhibited 
no prior indication of myeloid lesions or involvement of 
breast tissue. Although breast imaging plays a crucial role in 
the initial evaluation of this disease, the imaging features of 
MS may be similar to those of breast cancer or lymphoma, 
rendering it challenging to distinguish between these condi‑
tions  (4). Currently, the diagnosis of breast MS can only 
be confirmed using immunohistochemical examinations 
and other histological tests. Therefore, it is necessary for 
suspected malignant breast masses to be confirmed through 
needle puncture pathology. In the context of MS, a variety of 
chemotherapeutic regimens, including idarubicin, high‑dose 
cytarabine, cyclophosphamide and cisplatin, have been used 
to induce remission (5). Idarubicin is a DNA topoisomerase 
inhibitor that disrupts protein synthesis and hampers DNA 
repair, thereby promoting cell death. Cytarabine acts by 
inhibiting DNA polymerase during the DNA synthesis 
phase, which interrupts DNA replication and reduces tumor 
cell growth. Cyclophosphamide is metabolized within tumor 
cells to form the potent phosphamide mustard inside, which 
alkylates DNA and creates cross‑links between DNA strands 
that inhibit the growth and reproduction of tumor cells. 
Cisplatin is a cytotoxic agent that is effective throughout the 
cell cycle, and is capable of killing tumor cells at various 
stages of their growth (6). In addition, radiation therapy may 
be used to reduce the risk of local recurrence (7). 
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The present case report describes a case of MS originating 
from a single breast, its clinical and pathological characteristics 
and therapeutic management.

Case report

A 58‑year‑old woman was admitted to The Affiliated Hospital 
of Inner Mongolia Medical University (Hohhot, China) in 
April 2022 after the discovery of a lump in her right breast 
within the previous 2  months. The patient was generally 
healthy with no notable medical history. Physical examina‑
tion revealed symmetrical breasts with no nipple retraction, 
discharge or ‘orange peel’ appearance. A hard lump measuring 
~25x20x15 mm was detected at the 10 o'clock position in the 
right breast, ~2 cm away from the nipple. The lump had an 
irregular surface and unclear boundaries. However, it was 
movable and not adherent to the chest wall; in addition, no 
tenderness was observed. No masses were detected in the left 
breast, and no enlargement of the lymph nodes was observed 
in either armpit. 

Routine blood examination was within normal limits, 
revealing a white blood cell count of 6.0x109 cells/l, with 
neutrophil and lymphocyte percentages of 65.1 and 28.2%, 
respectively, a hemoglobin level of 128 g/l and platelet count 
of 247x109  cells/l. Mammography revealed the presence 
of uneven dense glandular tissue in both breasts. A nodular 
high‑density shadow with unclear boundaries, measuring 
~21.6x14.7 mm, was evident in the upper outer quadrant of the 
right breast (Fig. 1). Breast ultrasonography (Fig. 2) showed a 
hypoechoic nodule measuring ~22.1x14.4 mm at the 11 o'clock 
position in the right breast, approximately one finger breadth 
away from the nipple. The nodule was irregularly shaped with 
unclear boundaries and surrounding spicules. Rich linear 
blood‑flow signals were observed peripherally. 

Breast magnetic resonance imaging (MRI; Fig. 3) showed 
a slightly elongated T2 signal in the upper outer quadrant of 
the right breast, which exhibited high signal intensity on diffu‑
sion‑weighted imaging. The lesion measured ~18.5x14 mm 
and was observed to have irregular edges, lobulation and spic‑
ules. Doubly deprotonated‑diethylenetriamine penta‑acetic 
acid‑enhanced MRI scanning revealed markedly uneven 
enhancement of the lesion accompanied by a dynamic curve 
with a plateau‑shaped profile. Furthermore, [18F] fluorode‑
oxyglucose (FDG) positron emission tomography‑computed 
tomography (PET‑CT; Fig. 4) indicated heightened metabo‑
lism within a nodular soft tissue shadow in the upper outer 
quadrant of the right breast, suggesting the presence of a 
malignant lesion. Additionally, bone destruction was observed 
in the right ilium, pubic bone and ischium, accompanied by 
masses in the surrounding soft tissue, indicating the presence 
of metastatic tumors in these locations. 

Hematoxylin and eosin staining of the right breast mass 
biopsy revealed numerous compressed cells with distinct 
morphological features (Fig. 5A and B) indicating the high 
likelihood of B‑lymphoblastic lymphoma/leukemia. However, 
following needle biopsy, it was decided that an excisional 
biopsy was necessary as the small size of the needle aspiration 
biopsy sample and the challenges in accurately determining 
the nature of the tumor rendered the results inconclusive. 
Consequently, the patient underwent surgery to excise the right 

breast mass and an intraoperative frozen section examination 
was performed. During surgery, the tumor was found within 
the breast tissue. It exhibited an incomplete capsule and the 
cut surface had an appearance resembling that of fish flesh. 
The frozen section examination suggested the presence of 
breast lymphoma; therefore, further evaluations using paraffin 
sections and immunohistochemistry were recommended. The 
final pathology report indicated the widespread infiltration of 
immature tumor cells, with only a few remaining small ducts 
and acini. Scattered eosinophils were also reported.

Immunohistochemical analyses were conducted on 
4‑mµm sections of whole tumor tissues containing in situ 
and/or invasive regions, using autostainers such as the Ultra 
System from Roche Diagnostics or the Autostainer Link 48 
from DakoCytomation following the manufacturer's instruc‑
tions. Immunohistochemical analyses revealed the expression 
of paired box 5, cluster of differentiation (CD)43, CD34, 
CD99, myeloperoxidase (MPO) and CD117 in the tumor 
cells. In addition, ~50% of the tumor cells tested positive for 
Ki‑67, while no expression of cytokeratin, CD20, CD3, CD5 
and CD4 was detected. These findings were consistent with 
the diagnosis of MS, as shown in Fig. 5. As the pathological 
examination indicated MS, the patient underwent a bone 
marrow biopsy and peripheral blood examination to confirm 
the diagnosis and assess the extent of the disease. These did 
not identify any blast cells (Fig. 6). As the results from these 
procedures revealed no abnormalities, the possibility that the 
tumor had metastasized from the bone marrow to the breast 
was excluded. Thus, a diagnosis of primary MS of the breast 
with concurrent malignant bone metastasis was made. 

Although there is no specific treatment for MS, the current 
systemic chemotherapy regimens for AML are considered 
to be suitable first‑line treatment approaches for MS. These 
mainly comprise cytarabine combined with anthracyclines 
or homoharringtonine, sometimes used in combination with 
etoposide (8). Considering that the cells observed in the patho‑
logical examination were predominantly primitive marrow 
cells and included some cells indicative of B‑cell lympho‑
blastic lymphoma, a decision was made to use the ESHAP 

Figure 1. Mammography of bilateral breast glands showing uneven dense 
glandular tissue. A nodular high‑density shadow, measuring ~21.6x14.7 mm 
and characterized by an unclear border, is visible in the upper outer quad‑
rant of the right breast (left panel). The arrow indicates the mass detected 
in the breast. The skin and nipple shadows on both breasts appear normal. 
No lymph node shadows are visible in either armpit. The imaging diag‑
nosis is nodules in the upper outer quadrant of the right breast, classified 
as BI‑RADS 4a. The BI‑RADS is a standardized system of reporting breast 
pathology  encountered on mammography, ultrasound and magnetic 
resonance imaging  (41). BI‑RADS, Breast Imaging‑Reporting and Data 
System; R, right.
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chemotherapy regimen, based on National Comprehensive 
Cancer Network guidelines  (9). The ESHAP regimen is a 
second‑line treatment option that includes etoposide, meth‑
ylprednisolone, cytarabine and cisplatin. These drugs work 
synergistically to collectively target Ewing's sarcoma and 
B‑cell lymphoblastic lymphoma without cross‑resistance. 
Following surgery, the patient was transferred to the oncology 
department at the hospital to undergo six cycles of ESHAP 
regimen chemotherapy and 28 cycles of radiation therapy, each 
at a dose of 56 cGy. A follow‑up contrast‑enhanced [18F] FDG 
PET‑CT scan at 12 months did not show any tumor residue or 
recurrence (Fig. 7). At the 2‑year follow‑up, the patient was 
thriving and disease‑free. 

Discussion

In the current case, a tumor infiltrating the breast parenchyma 
and comprising medium‑sized immature cells with rounded 
nuclei surrounded by a thin rim of eosinophilic cytoplasm 
was identified and assessed. The tumor cells exhibited posi‑
tive immunostaining for MPO, CD43 and CD117, suggesting 
their myeloid nature. Follow‑up bone marrow biopsy and 
peripheral blood examination did not identify any blast cells, 
leading to the conclusion that this tumor was a primary MS 
of the breast. MS, which is composed of malignant imma‑
ture cells, is a rare extramedullary tumor mainly associated 
with AML. According to the World Health Organization 

Figure 3. Magnetic resonance imaging of the right breast. A circular shape with a slightly longer T2 signal is evident in the upper outer quadrant of the right 
breast, which. exhibits high signal intensity on diffusion‑weighted imaging (left panel). The lesion is ~18.5x14 mm in size, and has irregular margins with 
visible lobulations and spicules. Contrast‑enhanced doubly deprotonated‑diethylenetriamine penta‑acetic acid scanning (right panel) shows marked heteroge‑
neous enhancement of the lesion, and the dynamic curve displays a plateau shape. The arrows indicate the lesion. Based on this imaging, the diagnosis was a 
lesion in the upper outer quadrant of the right breast, classified as Breast Imaging‑Reporting and Data System 4b.

Figure 2. Ultrasound images of the breast lesion. A low‑echo nodule measuring ~22.1x14.4 mm is observed in the right breast, at the 11 o'clock position, 
approximately one finger‑width away from the nipple and 5 mm from the skin surface (left panel). The nodule has an irregular shape and unclear boundary. 
Color Doppler flow imaging shows linear blood‑flow signals within the nodule (right panel). These ultrasound findings suggest a solid nodule in the right 
breast, falling under Breast Imaging‑Reporting and Data System classification 4a. A biopsy was recommended.

https://www.spandidos-publications.com/10.3892/ol.2024.14804
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classification, MS is a major subgroup of myeloid neoplasms 
and acute leukemia (10). Typically, it is detected in patients 
who are diagnosed with myeloid leukemia; it may manifest 
concurrently with AML or as an initial presentation of relapse 
in patients with previously treated AML (11). 

MS is rarely an isolated finding preceding myeloid 
leukemia of the blood or bone marrow, and MS of the breast is 
even rarer (12). Although MS can develop in individuals aged 
between 5 months and 89 years, these tumors predominantly 
affect younger individuals and children, with no distinct differ‑
ence in the incidence rates between males and females (13). 
According to a study conducted by Viadana et al (14), among 
503 patients with leukemia who underwent biopsies, only four 
of 235 patients with AML exhibited breast involvement. In 
addition, Naamo et al (15) reported the case of a 27‑year‑old 
female who presented with a palpable right breast lump, the 

biopsy of which showed breast tissue with diffuse infiltration 
of blasts compatible with MS. Furthermore, a study conducted 
by Amiraian et al  (16) identified MS in both breasts of a 
63‑year‑old woman with relapsed AML. To identify further 
cases, comprehensive searches in the PubMed, Embase and 
Cochrane Library databases for the years 2013‑2023 were 
conducted. These yielded the reports of 14 patients with MS 
of the breast, excluding the patient presented in the present 
case report. The detailed clinical characteristics of these 
patients are presented in Table I (15-27). It may be observed 
that, while the clinical and pathological characteristics of 
these cases of breast MS are quite similar, the treatment plans 
varied considerably. 

MS of the breast lacks specific clinical features and typi‑
cally appears as palpable nodules in one or both breasts, which 
may or may not be painful. These nodules can be mistaken 

Figure 4. CT and [18F] FDG PET‑CT scans of the breast mass. (A) Non‑contrast axial CT scan reveals a large irregular mass in the right breast, and (B) [18F] 
FDG PET‑CT reveals that the mass is metabolically active. (C) Non‑contrast axial CT scan demonstrates tumor metastasis in the iliac region, and (D) [18F] 
FDG PET‑CT demonstrates its metabolic activity. (E) Non‑contrast axial CT scan shows bone destruction in the ischium with a surrounding soft tissue mass, 
and (F) [18F] FDG PET‑CT demonstrates metabolic activity of the ischium and soft tissue mass. CT, computed tomography; [18F] FDG, fluorine‑18 fluorode‑
oxyglucose; PET, positron emission tomography.
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for primary breast cancer (11). In this scenario, mammography 
typically identifies large, irregular, non‑calcified masses 
with poorly defined borders  (11), while ultrasonography 
commonly reveals hypoechoic lesions that are either homo‑
geneous or heterogeneous and hypervascularized on color 
Doppler scans (12,20). Additionally, CT and MRI are often 
used for tumor localization, as these techniques are helpful 
in distinguishing MS from other masses. Specifically, MRI 
can be an effective diagnostic tool, which reveals MS of the 
breast as hypointense lesions on T1‑weighted images and 

hyperintense lesions on T2‑weighted images, with inhomo‑
geneous enhancement (18). Furthermore, [18F] FDG‑PET‑CT 
imaging has emerged as a valuable tool for studying and 
monitoring extramedullary acute myelocytic leukemia (28). 
However, given that typical imaging characteristics of MS of 
the breast are lacking, it can lead to a misdiagnosis of primary 
breast malignancy, lymphoma, other neoplasm or inflamma‑
tion (12,18). Although these findings are non‑specific, they 
are suspicious and necessitate a biopsy. Accordingly, it is 
imperative to pay close attention to the characteristic clinical, 

Figure 5. Histopathological and immunohistochemical analysis of the breast mass. (A) H&E staining of the breast mass biopsy tissue reveals diffuse, sheet‑like 
growth with disrupted ductal structures (scale bar, 10 µm). (B) The H&E‑stained breast mass biopsy tissue is extensively infiltrated by medium‑sized malignant 
cells with round follicular nuclei containing finely dispersed chromatin and small nucleoli (scale bar, 2.5 µm). (C) Ki‑67 shows a proliferation index of 
50%, serving as a marker for cancer cells. (D) Myeloid differentiation of the tumor cells is illustrated with a myeloperoxidase immunohistochemical stain. 
(E) Positive expression of CD43 is revealed by immunohistochemical staining, supporting the diagnosis of myeloid sarcoma. (F) Tumor cells surrounding the 
breast ductal epithelium are positive for CD117 immunohistochemical staining, indicating their myeloid origin. (G) The hematopoietic progenitor origin of 
the tumor cells is indicated by weakly positive CD34 immunohistochemical staining. (H) Weak CD19 immunohistochemical staining indicates the reduced or 
abnormal expression of B‑cell markers in the tumor cells. (C‑H), scale bar, 5 µm. H&E, hematoxylin and eosin; CD, cluster of differentiation.

https://www.spandidos-publications.com/10.3892/ol.2024.14804
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Figure 7. CT and [18F] FDG PET‑CT scans of the breast mass after treatment. (A) Non‑contrast axial CT scan demonstrates a clear reduction in the mass in 
the right breast following chemotherapy, and (B) [18F] FDG PET‑CT demonstrates that the metabolism in the right breast has markedly decreased compared 
with that before treatment. (C) Non‑contrast axial CT scan demonstrates increased bone density in the ilium, and (D) [18F] FDG PET‑CT demonstrates reduced 
metabolism in the ilial region. (E) Non‑contrast axial CT scan demonstrates the soft tissue mass around the ischium has decreased, and (F) [18F] FDG PET‑CT 
demonstrates decreased metabolism of soft tissue mass around the ischium. CT, computed tomography; [18F] FDG, fluorine‑18 fluorodeoxyglucose; PET, 
positron emission tomography.

Figure 6. Bone marrow and peripheral blood analysis. (A) Bone marrow biopsy cell morphology examination and (B) cytological examination of the peripheral 
blood revealed no obvious abnormalities.
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radiographic and pathological findings when diagnosing 
isolated cases of breast MS.

Pathologically, MS typically exhibits either a diffuse growth 
pattern or a single‑cell infiltrating growth pattern. Based on 
the proportion of immature granulocytes at different stages of 
differentiation, MS can be categorized into three pathological 
types, namely blast cell, partially differentiated and differ‑
entiated (29). The blast cell type predominantly comprises 
myeloblasts with only a few differentiated promyelocytes, 
while the partially differentiated subtype is characterized by 
both myeloblasts and promyelocytes, and the differentiated 
subtype is predominantly composed of promyelocytes and 
granulocytes in later stages of maturity. Notably, eosinophilic 
granulocytes are prominent in the differentiated subtype. 
Nevertheless, the accurate diagnosis of MS using routine 
histological slices is challenging. This renders immunohisto‑
chemical assessment necessary to prevent the misdiagnosis 
of diffuse large B‑cell lymphoma (30). In addition to these 
diagnostic complexities, specific genetic alterations such as 
t (8;21) (q22; q22.1), inv (16) (p13.1q22) or t (16;16) (p13.1; q22), 
as well as nucleophosmin 1 mutations, have been associated 
with MS (31).

Immunohistochemistry is crucial in the diagnosis of 
MS. Among the various markers, MPO is the most effec‑
tive for distinguishing MS and is expressed in as many as 
93% of myeloid tumors. However, its expression levels vary 
depending on the degree of differentiation (31). Nevertheless, 
a panel including MPO, CD43 and CD20 as markers has been 
shown to effectively differentiate >96% of MS cases (32). 
Notably, CD43 exhibits high sensitivity but poor specificity, 
as it is expressed in almost all cases of MS. Therefore, if 
tumor cells of unknown origin express CD43 but are negative 
for CD3, MS should be considered. By contrast, CD117 is 
mainly expressed in immature myeloid tumors and is absent 
in lymphomas, rendering it a sensitive indicator of myeloid 
tumors  (33). Although CD20 is a characteristic differen‑
tiation antigen of B cells, most studies suggest that MS is 
CD20‑negative, while other studies have reported a CD20 
expression rate of 13% (34,35). Therefore, it is crucial to 
select the appropriate antibody combination for use in the 
immunohistochemical examination of MS.

The treatment approaches for primary MS of the breast 
include surgical resection, local radiotherapy and systemic 
chemotherapy. However, it has been noted that surgical resec‑
tion and local radiotherapy alone are not effective in delaying 
the transformation of MS into AML or improving its prog‑
nosis (36). Therefore, primary MS is considered a systemic 
disease and requires systemic treatment. The administration 
of systemic chemotherapy is recommended for all solitary MS 
lesions in patients who have undergone surgical resection. A 
variety of chemotherapy regimens that induce AML remission 
have been used in the context of MS, including idarubicin and 
cytarabine; fludarabine, high dose cytarabine, idarubicin and 
granulocyte‑colony stimulating factor (G‑CSF); cyclophos‑
phamide, cytarabine, topotecan and G‑CSF; and daunorubicin 
and cytarabine (5). 

In the present case, an integrated treatment approach 
for breast MS was used. This combined lumpectomy with 
systemic chemotherapy, which mirrors protocols typically 
used in AML, and was followed up with local radiotherapy 

aimed at achieving a cure. At 24  months post‑treatment, 
the patient remained in good health without any signs of 
disease relapse. This case shares similarities with patients 
described in previous literature, such as the patient undergoing 
complete excision of the local tumor and receiving systemic 
chemotherapy predominantly consisting of cytarabine and 
doxorubicin. However, a notable difference is that the current 
case also underwent 28 cycles of radiotherapy following the 
completion of chemotherapy. Although the treatment methods 
for breast MS have not yet been standardized, the majority of 
studies have concluded that all patients should undergo either 
mastectomy or tumor resection surgery, along with standard 
systemic chemotherapy  (5,37). The case described in the 
present study underwent tumor resection surgery and systemic 
chemotherapy, and one year later, no local recurrence of the 
breast was detected.

It has been suggested that anti‑leukemia chemotherapy 
administered shortly after surgery aids in controlling the 
development of MS and improving its prognosis. For MS, the 
preferred treatment regimen uses anthracyclines in combina‑
tion with cytarabine (38). Allogeneic hematopoietic stem cell 
transplantation has also been indicated to be an effective 
alternative treatment  (39). In addition, molecular develop‑
ments have facilitated the development of highly targeted 
therapies for patients with MS, including those associated with 
breakpoint cluster region‑Abelson 1, Fms‑like tyrosine kinase 
3‑internal tandem duplication and FIP1‑like 1‑platelet derived 
growth factor receptor a gene mutations, thereby yielding 
promising results (40).

In conclusion, MS of the breast is a rare malignant neoplasm 
of myeloid origin that is often misdiagnosed. It originates from 
myeloid cells and requires intensive systemic chemotherapy, 
allogeneic hematopoietic stem cell transplantation, surgical 
resection and/or radiotherapy for effective treatment. However, 
the lack of a standard treatment approach for breast MS poses 
a considerable challenge. Once MS has been diagnosed, the 
prompt initiation of induction chemotherapy is recommended. 
The study of additional cases is essential to enhance clinical 
practice and improve the outcomes of patients with MS. 
Future prospective multicenter studies are necessary to gain 
an improved understanding of MS and guide its diagnostic and 
treatment approaches.
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