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Abstract 
Defined as a rare extramedullary tumor, myeloid sarcoma (MS) is in the attention of specialists, although the information in the literature is 
represented especially through case reports. MS can precede acute myeloid leukemia (AML), appear simultaneous and can be the only 
manifestation of leukemia relapse after allogeneic stem cell transplantation (allo-SCT). We present the case of a 30-year-old female diagnosed 
with acute myelomonocytic leukemia (AML M4), with complete remission (CR) after chemotherapy, followed by allo-SCT for consolidation. 
After five months, the patient presented right breast tumors. Ultrasound-guided biopsy of the breast lesion displayed diffuse infiltration of 
undifferentiated tumor cells, with blastic granulocytic features, strongly immunopositive for cluster of differentiation (CD) 45, CD99, CD34 and 
myeloperoxidase (MPO) and negative for all epithelial markers [MNF116, cytokeratin 7 (CK7), estrogen receptor (ER), progesterone receptor 
(PR), E-cadherin]. The final diagnosis was AML relapse with breast MS. After multiple leukemia relapses with breast MS, the patient died 
with cerebral bleeding secondary to severe thrombocytopenia. 
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 Introduction 

A myeloid sarcoma (MS) is an aggressive tumor 
proliferation of leukemic blasts with/without associated 
mature myeloid cells that can be seen at any anatomic 
site but not in the bone marrow (BM) [1]. MS has also been 
named in the past granulocytic sarcoma, chloroma [owing 
to its green color attributed to the myeloperoxidase (MPO) 
enzyme] or myeloblastoma [2, 3]. MS is included as one 
of the major subgroups of myeloid neoplasms and acute 
myeloid leukemia (AML) in the World Health Organization 
(WHO) Classification [4]. MS can be localized to a single 
site or disseminated to multiple sites and frequently it 
involves the bone, skin, soft tissue and lymph nodes [1, 4]. 

In a quarter of cases, MS precedes AML by months 
or years, 15–35% of cases appear simultaneous and 50% 
of cases appear after the diagnosis of AML, also as an 
initial manifestation of relapse in a previously-treated 
AML patient in remission [1, 4–6]. It has also been 
described in cases with myeloproliferative neoplasm 
(MPN) and myelodysplastic syndrome (MDS), MS being 
the extramedullary blastic crisis of these diseases [1, 4]. 

Few cases of MS after allogeneic hematopoietic stem 
cell transplantation (allo-HSCT) are reported, manifesting 
as an isolated disease or accompanying BM relapse [7]. 

MS of the breast is very rare – only 3% of the MS in 
reported in Mayo Clinic series [8]. 

We report the case of a patient diagnosed and treated 
for AML (including allo-HSCT), relapsed as MS of the 
breast. 

 Case presentation 

We present the case of a 30-year-old female that was 
admitted in our Center of Hematology and Bone Marrow 
Transplant, “Fundeni” Clinical Institute, Bucharest, Romania, 
on January 2015. She had pallor, purpura and ecchymosis 
on the arms, enlarged liver and spleen. 

The complete blood count (CBC) showed leukocytosis 
(45 000/μL), anemia (hemoglobin 7.1 g/dL) and thrombo-
cytopenia (14 000/μL). On the peripheral blood smear, 
60% of the cells were blasts. BM aspirate showed a hyper-
cellular marrow with 30–32% myeloblasts and 20–28% 
cells with monoblastic morphology. 

Flow-cytometry immunophenotype from BM aspirate 
showed two blasts population: 30% myeloblasts [positive 
for cluster of differentiation (CD) 34, MPO, CD117, CD123, 
CD13, CD33 heterogeneously, human leukocyte antigen 
DR isotype (HLA-DR) heterogeneously] and 30% mono-
blastic population (positive for CD117, CD64, cyMPO 
weak, CD123 heterogeneously, CD13, CD33, CD15 and 
CD38). 

The final diagnosis was acute acute myelomonocytic 
leukemia (AML M4) not otherwise specified (NOS), 
according to French–American–British (FAB) Classification 
for AML. 

Conventional karyotyping was performed on 21 meta-
phases: six cells were with normal karyotype (46,XX) 
and four cells with X monosomy (45,X). 

Molecular biology testing was negative to AML fusion 
genes [runt-related transcription factor 1–RUNX1 trans-
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location partner 1 (RUNX1–RUNX1T1), core-binding factor 
subunit beta–myosin heavy chain 11 (CBFB–MYH11), 
promyelocytic leukemia–retinoic acid receptor alpha (PML–
RARA), myeloid/lymphoid or mixed-lineage leukemia 1 
(MLL)–AF9, and Fms-related tyrosine kinase 3–internal 
tandem duplication (FLT3–ITD)], and also negative for 
breakpoint cluster region–Abelson tyrosine-protein kinase 1 
(BCR–ABL1) fusion gene protein. 

The AML induction “7+3” therapy (seven days 
Cytarabine + three days Anthracycline) was started, 
obtaining complete remission (CR). It was followed by a 
high-dose Cytarabine (HDAC) regimen for consolidation. 

March 2016 – allo-SCT from a HLA identical 
sibling donor was performed, preceded by Busulfan–
Cyclophosphamide (BuCy) myeloablative conditioning 
regimen. 

Only five months after allo-SCT (August 2016), the 
breast ultrasound (US) showed two tumors (with 1 cm 
and 0.3 cm diameter, respectively) on the right mammary 
gland. The positron emission tomography/computed 
tomography (PET/CT) revealed multiple positive lesions 

(bilateral breast nodules, enlarged thoracic lymph nodes 
and a nodule in the thyroid gland). BM aspirate was 
without leukemic infiltration and the chimeric profile was 
100% donor. On US-guided breast biopsy, the pathological 
diagnosis was MS – extramedullary leukemia relapse. The 
nodules regressed after re-induction “7+3” chemotherapy 
and application of donor lymphocyte infusions (DLI). 

One year later (April 2017), the patient presented 
multiple right breast nodules (mammary leukemia relapse) 
without BM infiltrate. Reinduction therapy was started. 
Because of the complete response to the chemotherapy, 
in May 31, 2017, haploidentical SCT (haplo-SCT) from 
a brother was performed with Fludarabine/Melphalan 
conditioning. 

After five months (September 2017), a right breast 
tumor appeared with pathological diagnosis of MS (local 
relapse). The clinical option was radiotherapy of the 
mammary lesion. 

The patient died in December 2017, with cerebral 
bleeding secondary to severe thrombocytopenia (Figure 1). 
 

 
Figure 1 – Timeframe regarding patient treatment and evolution. AML M4: Acute myelomonocytic leukemia; MS: Myeloid 
sarcoma; “7+3”: Seven days Cytarabine + three days Anthracycline; HDAC: High dose Cytarabine; MEC: Mitoxantrone, 
Etoposide, Cytarabine; Clo-HDAC: Clofarabine–high dose Cytarabine; AC: Cytarabine; RT: Radiotherapy; Allo-SCT: 
Allogeneic stem cell transplantation; DLI: Donor lymphocyte infusions; Haplo-SCT: Haploidentical stem cell trans-
plantation; CR: Complete remission; m: Months; y: Years. 

Materials and Methods 

For paraclinical diagnosis, routinely used PET/CT 
were performed. 

Two biopsies for the right breast tumors were avai-
lable for pathological examination: an US-guided biopsy 
(August 2016, five months after allo-SCT) and an 
excisional tumor biopsy (September 2017, four months 
after haplo-SCT). 

The tissue samples were fixed in 10% buffered formalin 
for up to 24 hours, and paraffin-embedded for microscopy 
analysis. Then, the 3 μm-thick sections were stained with 
Hematoxylin–Eosin (HE) and examined with Nikon Eclipse 
E600 microscope. 

Histopathological analysis 

Microscopic examination in HE-staining slides revealed 
breast tissue infiltrated with a diffuse malignant blasts 
proliferation with medium-sized cells, round-oval nuclei, 
finely dispersed chromatin and small distinct nucleoli, 
scant cytoplasm; some more mature myeloid cells were 
also present, with azurophilic or eosinophilic cytoplasm 
granules (myelocytes and metamyelocytes) (Figure 2, A 
and B). The breast normal epithelial structures were 
embedded in the malignant proliferation. 

The blastic features of the tumor proliferation, the 
presence of more mature myeloid cells with round nucleus 
(myelocytes and metamyelocytes) in a patient with treated 
AML strongly suggested a diagnosis of MS. 
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Figure 2 – Breast biopsy: (A) Diffuse blasts infiltration; (B) More mature myeloid cells are present. HE staining: (A) ×200; 
(B) ×400. HE: Hematoxylin–Eosin. 

 

To confirm the diagnosis suspicion after histopatho-
logical examination and to exclude a breast tumor, we 
performed some immunohistochemical (IHC) stainings. 
IHC analysis (indirect bistadial technique) was performed 
on 3 μm-thick sections from 10% formalin-fixed paraffin-
embedded tissue using automated stainer (BenchMark 
GX, Ventana Medical Systems, Inc., USA) or manual 
method. The automated IHC was performed according to 
the manufacturer’s instructions. The manual technique 
was performed with a polymer-based detection system 
(Max Polymer Detection System – Leica Biosystems). 
Briefly, 3 μm-thick tissue sections were spread on poly-
L-lysine coated slides. Antigen retrieval was performed in 
microwave oven. In each section, endogenous peroxidase 
was blocked by 20 minutes incubation in 3% hydrogen 
peroxide. The sections were incubated with primary 
antibody at room temperature for one hour. The Max 
Polymer Detection System (Leica Biosystems) was then 
applied for 30 minutes. Finally, the sections were incubated 
in 3,3’-Diaminobenzidine (DAB) for 5 minutes, counter-
stained with Mayer’s Hematoxylin and mounted. The 
slides were examined and photographed on Leica DM750 
microscope. 

The following primaries antibodies were used to 
confirm the diagnosis of MS: anti-CD45/common leukocyte 
antigen antibody (mouse monoclonal anti-human CD45, 
clone RP2/18, ready to use – RTU, Ventana, automated 
staining); anti-CD34 antibody/stem cell marker (mouse 
monoclonal anti-human CD34, clone QBEnd/10, RTU, 
Ventana, automated staining); anti-CD99/MIC2 antibody/ 
Ewing sarcoma protein (mouse monoclonal anti-human 
CD99, clone O13, RTU, Ventana, automated staining); 
anti-MPO antibody (rabbit polyclonal anti-human MPO, 
clone 59A5, 1:100 dilution, Leica Biosystems, manual 
staining); anti-Ki67 antibody/proliferation index (mouse 
monoclonal anti-human Ki67, clone MM1, 1:200 dilution, 
Leica Biosystems, manual staining). 

In order to exclude an epithelial breast proliferation, 
we performed the following antibodies on the first, US-
guided breast biopsy: anti-MNF116 antibody/low-molecular 
weight cytokeratin (CK) (cocktails of mouse monoclonal 
antibodies designed to recognize human CKs 5, 6, 8, and 
18, clone 5D3/LP34, RTU, Leica Biosystems, manual 
staining); anti-CK7 antibody (mouse monoclonal anti-

human CK7, clone RN7, 1:100 dilution, Leica Biosystems, 
manual staining); anti-estrogen receptor (ER) antibody 
(mouse monoclonal anti-human ER, clone 6F11, 1:50 
dilution, Leica Biosystems, manual staining); anti-proges-
terone receptor (PR) antibody (mouse monoclonal anti-
human PR, clone 16, 1:200 dilution, Leica Biosystems, 
manual staining) and anti-E-cadherin antibody (mouse 
monoclonal anti-human E-cadherin, clone 36B5, 1:20 
dilution, Leica Biosystems, manual staining). 

IHC, the malignant cells were positive for anti-CD45/ 
common leukocyte antigen (Figure 3A), sustaining the 
diagnosis of hematological neoplasm, without different-
iating between a myeloid and a lymphoid proliferation. 
Positivity for blastic markers anti-CD34 (Figure 3B) and 
anti-CD99/MIC2 (Figure 3C) are arguments for the blasts 
character of the tumor. The breast proliferation had a 
myeloid phenotype, anti-MPO positive (Figure 3D). Anti-
Ki67 proliferation index was ~40% (Figure 3E). All 
epithelial markers [including CK7 (Figure 3F), MNF116, 
ER, PGR, E-cadherin] were negative in the malignant 
proliferation and positive in breast epithelial normal 
structures. 

 Discussions 

MS (also known as granulocytic sarcoma, chloroma, 
myeloblastoma, etc.) is an extramedullary solid myeloid 
tumor of myeloblasts or immature myeloid cells, associated 
with tissue damage. MS is a very rare event (0.8/1% for 
all AML) but with exact prevalence unknown [9]. 

The real prevalence is undervalued because of diag-
nostic difficulties, especially of MS, which precedes AML. 
Clinical data of MS are generally limited to small case 
series; only few large case series are reported, such as 
the Mayo Clinic 96 cases series in 2016 [8]. 

Correlated with the moment of AML diagnosis, MS 
may precede, may be simultaneous with it or may be 
represent the relapse of a treated AML. MS can be also the 
extramedullary blastic crisis in some cases of chronic 
MPNs, MDSs or myeloproliferative syndromes/MDSs. 

A European Bone Marrow Transplantation (EBMT) 
retrospective analysis reported MS occurring 4–56 months 
after HSCT in less than 1% of transplanted patients –  
so MS is not a common occurrence [10, 11]. 
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Figure 3 – Immunostainings for anti-CD45 (A, ×200), anti-CD34 (B, ×200), anti-CD99 (C, ×200) and anti-MPO (D, ×200) 
antibodies were positive in malignant cells; Ki67 proliferation index ~40% (E, ×200); immunostaining for anti-CK7 
antibody was negative in tumor, positive in breast structure (F, ×200). CD: Cluster of differentiation; MPO: Myelo-
peroxidase; CK: Cytokeratin. 

 

Extramedullary relapse after allo-HSCT may represent 
a reduced graft-versus-leukemia effect at extramedullary 
sites [12]. 

MS has been described in association with a variety 
of chromosomal abnormalities. 

Review of the literature highlights that such trans-
location has been detected in tumors more often occurring 
in childhood and/or at the orbital level [13, 14]. MS is 
relatively common in certain types of AML with distinctive 
cytogenetic abnormalities, like AML M4 with eosinophils 
and inv(16)(p13;q22), AML M2 with t(8;21)(q22;q22) 

and AML associated with 11q23 abnormalities [4]. In 
particular, t(8;21)(q22;q22) is regarded as a recurrent 
aberration in MS [4]. 

MS can occur in any possible part of the body. The 
most frequent involved sites included tegumentary system 
(38%), lymph nodes (18%), gastrointestinal and genito-
urinary system (15%), the nervous system (9%), periosteal 
bone structures and multiple and other single sites (17%) 
[8]. 

In a series of 96 cases of MS reported by Mayo Clinic, 
only 3% cases were with breast localization [8]. 
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Sixty-seven cases of primary breast MS (MS occurred 
in the absence of antecedent myeloproliferative disorder) 
were reported until 2018 [15]. 

In the breast, MS can be presented as a unilateral  
or bilateral mass, usually not accompanied by nipple 
retraction [16]. 

Due to its rare incidence, MS of the breast is frequently 
misdiagnosed as breast lobular carcinoma, non-Hodgkin’s 
lymphoma or small round blue cells tumor [17]. 

 Conclusions 

The diagnosis of breast MS is more difficult if the 
history of AML is unknown and a complex antibodies 
panel (including epithelial markers) is necessarily. 
Pathologically, a diagnosis of MS may be suspected on 
HE staining if more mature myeloid cells (myelocyte, 
metamyelocyte) are present. IHC staining, including 
myeloid antibodies (CD34, MPO, CD117, CD33, CD68, 
etc.) are essential for an accurate diagnosis. Although a 
rare complication, the development of MS in the evolution 
of AML indicates a poor prognosis despite aggressive 
therapy, including two allo-SCT. 
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