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Rare disease

Myeloid sarcoma is a rarely observed extramedullary presentation of myeloid leukemia that seldom manifests
in the breast. Myeloid sarcoma can occur before, concurrently with, or following acute myeloid leukemia pre-
sentation. Few reports have focused on the imaging findings in cases of myeloid sarcoma of the breast, and
the existing findings are variable and nonspecific; the present case report aimed to bridge this gap.

A 24-year-old female presented with a palpable lump at the upper outer quadrant of her right breast. She had
noticed the mass 2 days prior to presentation. She was first diagnosed with acute myelogenous leukemia 18
months before the lump presentation and had undergone haploidentical stem cell transplantation 6 months
prior. At the time of the breast lump presentation, she was undergoing chemotherapy for relapsed acute my-
eloid leukemia. Ultrasonography of her right breast revealed a circumscribed, oval mass corresponding to the
palpable lump. Ultrasonography-guided 14-gauge core needle biopsy was performed on the breast mass, lead-
ing to a pathological diagnosis of myeloid sarcoma.

We reported a case of myeloid sarcoma involving the breast. On sonography, although the internal echotex-
ture resembled that of breast hamartoma, the observed hard elasticity and high vascularity raised suspicions
of malignancy.

Breast ¢ Elasticity Imaging Techniques ¢ Leukemia, Myeloid, Acute ¢ Sarcoma, Myeloid ¢
Ultrasonography, Mammary
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Background

Myeloid sarcoma is a rarely observed hematologic malignancy
occurring as a soft tissue mass at extramedullary sites [1,2].
Myeloid sarcomas comprise myeloid cells with variable degrees
of maturation and usually manifest simultaneously with or sub-
sequently to the diagnosis of myeloid leukemia [3]. Premature
cells that are differentiated from hematopoietic precursor cells
interact with fibroblasts to induce myeloid metaplasia in non-
hematopoietic tissues [4]. Breasts are rarely sites of myeloid
sarcoma involvement [4]. Few studies have reported on the
radiologic features of breast myeloid sarcoma [4].

This report describes a case of myeloid sarcoma that presented
6 months after stem-cell transplantation in a woman with
known acute myeloid leukemia (AML). The clinical, gray-scale,
color-Doppler sonographic, and sonoelastographic features of
the case are presented in detail herein.

Case Report

A 24-year-old female presented with a complaint of a hard,
painless lump palpated in the upper outer quadrant of her
right breast. She had noticed the mass 2 days prior to pre-
sentation. She had a notable medical history of AML that was
first diagnosed 18 months before the lump presentation and
was accompanied by extramedullary involvement of multiple
lymph nodes. Following multiple cycles of induction and con-
solidation chemotherapy, she experienced repeated complete
remission and relapse. Six months before the presentation of
the breast lump, she had undergone haploidentical stem cell
transplantation. At the time at which she noticed the breast
lump, she was undergoing chemotherapy for relapsed AML in-
volving the bone marrow and extramedullary sites of multiple
lymph nodes at both the inguinal and neck areas, in the axillae,
pelvic, and retroperitoneal spaces. Conventional ultrasonogra-
phy of her right breast led to the detection of a 4.3-cm-sized,
indistinct, oval, heterogeneous-echoic mass with posterior
enhancement in the upper outer quadrant, corresponding to
the palpable lump (Figure 1A-1C). The heterogenous echotex-
ture comprised multiple nodular hypoechoic areas and inter-
vening hyperechoic areas. On color-Doppler sonography, the
mass showed markedly increased interval vascularity in a dis-
ordered and branching pattern (Figure 1D, 1E). On strain elas-
tography, the lesion appeared stiff (blue color in the entire le-
sion) (Figure 1F) and the strain ratio was 4.78 (Figure 1G). The
strain ratio was calculated by dividing the average strain of
the reference (adjacent normal breast tissue) by the average
strain of the mass; the best cutoff strain ratio value for ma-
lignancy ranges from 2.27 to 3.06 [5-9]. Mammography was
not performed. The sonographic features — characterized by
an oval shape and mixed internal echogenicity — resembled

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

those of a hamartoma. However, along with the clinical history
of AML, based on an indistinct margin status, strong inter-
nal vascularity and hard elasticity, the mass was assessed as
Bi-RADS 4. Under sonography guidance, 14 gauge-core nee-
dle biopsy was performed on the mass. Microscopically, the
biopsied breast lesion was shown to be a hypercellular lesion
with compact sheets of immature mononuclear cells with en-
trapped fat (Figure 2A). Immunohistochemical staining of my-
eloperoxidase showed focal positivity, suggesting the presence
of myeloid blasts (Figure 2B). The histomorphology, cytologic
features, and immunoprofile of the lump were consistent with
those of myeloid sarcoma.

Discussion

Leukemic involvement is observed extremely rarely in the
breast [10,11]. Of all breast leukemias, acute myelogenous
leukemia is the most commonly occurring and it presents as
myeloid sarcoma [11]. Myeloid sarcoma is an extramedullary
hematological malignant tumor of myeloid cells showing vary-
ing degrees of maturation, and is most commonly observed in
patients with previously diagnosed myeloid leukemia [3,12].
According to the World Health Organization, myeloid sarcomas
can be classified into 3 categories: blastic (composed mainly
of myeloblasts), immature (composed of myeloblast and pro-
myelocytes), and differentiated (composed of promyelocytes
and more mature neutrophils) [13].

Myeloid sarcoma usually manifests concurrently or following
the diagnosis of AML, chronic myeloid leukemia, myeloprolif-
erative diseases, or myelodysplastic syndrome [13], and the
presence of AML commonly and typically induces or predis-
poses a person to the development of myeloid sarcoma [4].
However, under rare circumstances, myeloid sarcoma can oc-
cur as an isolated extramedullary mass without a previous or
concurrent diagnosis of AML (no evidence of peripheral blood
or bone marrow involvement at the time of diagnosis) [1,13].
Many of these isolated cases subsequently develop AML [1].
Myeloid sarcoma is also known as granulocytic sarcoma, mono-
cytic sarcoma, extramedullary myeloid cell tumor, myeloblas-
toma, and chloroma [1]. The term “chloroma” was initially ad-
opted owing to the greenish color assumed by the tumor cells
on myeloperoxidase staining [1]; the term is currently not in
use because not all tumor cells assumed a greenish color on
staining [14].

Myeloid sarcoma can affect any part of the body, and the most
commonly affected sites are the lymph nodes, skin, bones,
central nervous system, and soft tissue [14]. Breast involve-
ment is rarely observed in myeloid sarcoma [2,13]. In 2005,
up to 67 cases of breast myeloid sarcoma were listed in the
literature [1]; thereafter, additional cases were sporadically
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Figure 1. The transverse (A), longitudinal (B), and radial (C)
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grayscale ultrasonograms of the right breast taken

at the upper outer quadrant show an indistinct,

oval, heterogeneous-echoic mass with posterior
enhancement. Longitudinal (D) and radial (E) color-
Doppler sonogram show disordered and branching
vessels within the mass. (F) Strain elastogram shows
homogeneous blue color coding in the mass, indicating
the hard, elastic nature of the mass (red depicted

as soft, green as intermediate, and blue as hard).

(G) The strain ratio of the mass relative to the adjacent
fat tissue was 4.78, also implying the apparent hard
elasticity.
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Figure 2. (A) Microscopic finding of the breast biopsy shows a hypercellular lesion with compact sheets of immature mononuclear cells
with entrapped fat (hematoxylin and eosin 200x). (B) Immunohistochemical (IHC) staining of myeloperoxidase (MPO) shows
focal positivity, suggesting the presence of myeloid blasts (MPO 200x).

reported until recently [4,15,16]. Breasts are the most com-
monly observed sites of first extramedullary relapse after stem-
cell transplantation [13]. Cunningham et al. reported 20 cases
of breast myeloid sarcoma as the first extramedullary relapse
of AML after stem-cell transplantation [17]. The time interval
between stem-cell transplantation and breast relapse ranged
from 2 to 73 months (mean 17 months). In our case, the leu-
kemic relapse in the breast occurred 6 months after stem-cell
transplantation and extramedullary involvement was already
present before the breast relapse.

The gold standard for the final diagnosis of myeloid sarcoma
is histopathological examination combined with immunohisto-
chemical testing [4]. Myeloperoxidase staining is often strongly
positive in myeloid sarcoma [3].

Clinically, myeloid sarcoma presents with non-specific symp-
toms that are usually painless or painful palpable breast
lumps involving one or both breasts [4]. Breast skin involve-
ment and axillary lymph node enlargement may accompany
such cases, while nipple discharge and retraction are not com-
monly observed [4].

The existing knowledge on the radiologic features of breast
leukemia was obtained from sporadic case reports [18], and
these features tended to vary across individual cases [12].
While a few recent articles attempted to define the repre-
sentative radiologic features of intramammary hematologic
malignancies [18,19], the radiologic features were non-specific,
reflecting a broad spectrum of hematologic malignancies en-
compassing lymphoma, leukemia, and plasmacytoma [19] or
both myeloid and lymphoid leukemia [18] as a whole. According
to a comprehensive review of published case reports on breast
leukemia, on sonography, breast leukemia typically presents
as solitary or multiple masses that are mostly homogeneously
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hypoechoic with microlobulated or indistinct margins [18].
Breast leukemia rarely presents as architectural distortions
on sonography [18]. Twenty-seven reports have presented the
sonographic findings of breast myeloid sarcoma (Table 1); of
the cases presented in those reports, the sonographic findings
were presented with real images in 15 and were only text-de-
scribed in 12 (Table 1).

When describing sonographic findings, terms not strictly fol-
lowing the Bi-RADS lexicon were often used in previous re-
ports, and these are shown in Table 1 as described. Although
the sonographic findings of myeloid sarcoma are usually not
specific, some emphasized on suspicious findings characterized
by an irregular shape, spiculated or angular or indistinct mar-
gins, and posterior shadowing [4,20,21,24,25,33]. In the pres-
ent case, the myeloid sarcoma involving the breast exhibited
a characteristic heterogeneous echotexture on sonography,
which somewhat resembled the typical internal echotexture
of breast hamartoma [37]. Breast hamartomas predominantly
appear as circumscribed, oval masses with mixed iso- and hy-
perechogenicity, sonographically [37]. The heterogeneous inter-
nal echotexture of hamartoma reflects its intrinsic histologic
characteristics, comprising a mixture of different tissues, and
depending on the relative proportion of adipose, glandular,
fibrous tissues, is variably mixed with hypoechoic and band-
like or nodular hyperechoic areas [37]. Hamartoma is not hy-
pervascular on color-Doppler imaging [37], inconsistent with
our case. Although data on the same is limited, breast hamar-
tomas are usually less elastic (Italian elastosonographic score
of 3 or 4) than the tissues that surround them, and their ap-
pearance largely depends on the amount of fibrous tissue [37].
Interestingly, through our own re-evaluation of the sonographic
images obtained from previous case reports, we observed, not
infrequently, similar hamartoma-like patterns of the internal
echotexture in breast myeloid sarcoma [2,12,13,16,22,26].
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Table 1. Summary of published reports that present sonographic findings of myeloid sarcoma of the breast.

Published Age,
years

Authors Laterality  Multiplicity Sonographic findings

Vascularity

Lobulated mass moderately well-

Hiorns et al. . defined, with slightly uneven Not
1 1 2 F L
[20] 997 3 Sl echogenicity and acoustic assessed
shadowing
X Ahrar et al. 1998 1s - . Single Nqnhomogeneous mass Wlth -
[21] spiculated and angular margins

1. Mostly, round or oval
homogeneously hypoechoic
nodules with irregular or
circumscribed margins

5 N
3 son et al 1998 42 E B Multiple 2. Unusually, hypoechoic ot
[22] ! : ) assessed
circumscribed nodules with
central high echogenicity and
a heterogeneously hypoechoic
mass with lobulated margins
. Large mass with lobulated
Fitoz et al. .
4 23] 2002 13 E L Single contours and heterogeneous Increased
echotexture
. Irregular, non-homogeneous
5 Guermaziet al. 2002 41 F L Single hypoechoic mass with ill-defined Not
[24] - . assessed
margin and posterior shadow
6 Kinishita et al. 2006 53 r B Multiple Low-t?ch0|c masses with |rreg.ular Not
[25] margin and posterior shadowing assessed

Oval, heterogeneous (mixed iso-

7 ;_;r]‘n etal 2008 58 F R Single and hypo-echogenicity) mass None
surrounded by a pseudocapsule
Toumeh et al. . . Not
8 [13] 2012 47 F B Multiple Multiple masses assessed
Kim et al. . Heterogeneous hypoechoic masses
? [14] 2013 39 F R Multiple with multifocal cystic portion Increased
Kim et al. . Heterogeneous hypoechoic masses
10 [14] 2013 48 F B Multiple e A o Increased
1. A diffuse hypoechoic area with
Kim et al. . indistinct boundary Not
11 201 2 F M
[26] 013 0 B ultiple 2. An indistinct heterogeneously assessed
hypoechoic mass
Lobulated, hypoechoic solid
12 Ozsoy et al. 2016 1 F B Multiple masses with circumscribed Increased
[12] P contours (some of them with
microlobulated margins)
Round/oval, parallel masses
Edison et al. . with partially indistinct and
13 [27] 2017 8 F B L EE lobulated margins, heterogeneous LR
echotexture
Cheung et al Ill-defined conglomerated masses
14 [15] & T 2018 46 F B Multiple of heterogenous hyperechogenicity Increased
and hypoechogenicity
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Table 1 continued. Summary of published reports that present sonographic findings of myeloid sarcoma of the breast.

Published Age,
year years

Case Authors Sex

Laterality

p Gl 2018 34 F R

(4]

16 Current 2019 24 H R

Multiplicity Sonographic findings

1. A lobulated hypoechoic mass
with an unclear edge

Multiple 2. An irregular, homogeneous, Increased
hypoechoic mass with a clear
edge
Partially indistinct, oval,
Single heterogeneous mass with posterior Increased

acoustic enhancement

Reports that only provide text-description of sonographic features

Khoury et al.

1 2 1 F B
7 28] 000 5
Ngu et al.
1 2001 4 F B
8 [29] 00 0
Dutta Roy et al.
19 [30] 2004 72 F L
Shea et al.
20 [31] 2004 55 F B
Thachil et al.
21 (32] 2007 26 H R
Delporte et al.
22 201 F
33] 010 65 R
Fu et al
23 (34] 2014 59 F L
Fu et al
24 [34] 2014 37 H L
Goncalves et al.
25 35] 2014 35 F L
Gunduz et al.
2 2014 F
6 36] 0 33 R
27 Stewart et al. 5015 46 r R
,,,,,,,,,,,,,, T S
78 Gomaa et al. 2018 29 r L

[16]

Thickened and coarse breast
parenchyma bilaterally with

Multiple distorted echotexture, a small Not
. - L assessed
irregular hypoechoic lesion in the
left breast
Multiple Bilateral breast cysts Not
assessed
Ill-defined, non-homogeneous,
. . . Not
Single irregular mass with areas of
. . assessed
increases echogenicity
Multiple Solid Not
assessed
Single Hypoechoic area representing an Not
g area of fibrocystic change assessed
Single Irregular hypoechogenic mass Increased
Sile Solid hypoechoic mass with a clear Increased
boundary
. . . Not
Single Solid hypoechoic mass assessed
. . Not
Single Solid heterogeneous nodule
assessed
. Irregular mass with heterogeneous  Not
Single .
internal echo assessed
. Indistinct, hypoechoic mass with
Single . . . Increased
posterior acoustic shadowing
Well-defined mass which has a
Single consistency of parenchymal ducts Not
assessed

and fat

Some reports clearly specified a hamartoma-like appearance
when describing the sonographic features [2,16]. Furthermore,
across a vast number of reports, the internal echotextures of
breast myeloid sarcoma were found to be at least heteroge-
neous [2-4,12-16,20-24,26,27,30,35,36].

The elastography findings of intramammary hematologic ma-
lignancy have rarely been reported on [38-42]. Aslan et al.
conducted a study in which they assessed the elasticity of
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intramammary hematologic malignancies in 9 patients; the
study revealed that the elasticities of intramammary hemato-
logic malignancy are variablesoft in 2 patients, intermediate
in 5, and high in 2 [39]. Of the 9 hematologic malignancy cases,
only 1 was myeloid sarcoma, which demonstrated intermediate
elasticity (shear-wave velocity: 4.68 to 5.74 m/s, virtual touch
imaging: diffuse dark, same size with B-mode ultrasonogra-
phy) [39]. The published cutoff shear-wave velocity value for
malignancies ranges from 4.1 to 5.2 m/s [39]. Another report
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also described the elastography findings of myeloid sarcoma
of the breast, in which the Tsukuba elasticity score, strain in-
dex, and elasticity ratio were 2, 2.3, and 0.71, respectively;
these values indicated a benign nature [38]. To the best of our
knowledge, the current case report is the second of its kind to
report on the strain elastography features of myeloid sarcoma
involving the breast. In the present case, the myeloid sarcoma
exhibited apparent hard elasticity based on both the qualita-
tive assessment of general color-coded maps and quantitative
assessment of the strain ratio. All other sporadic case reports
on the elasticity of intramammary hematologic malignancies
exclusively included lymphoma cases in which the elasticities
were also variably reported as soft [40,42] or hard [38,41].

Breast leukemias are known to have 3 mammographic pat-
terns: breast masses, architectural distortions, and no abnor-
malities [18]. Most breast masses are hyperdense, have a round
shape and microlobulated margins, and occasionally accom-
pany internal microcalcifications [18]. Architectural distortions
were observed less frequently on mammography and no ab-
normalities were demonstrated on mammography in some
breast leukemia cases [18].

On magnetic resonance imaging, breast leukemias also exhib-
ited nonspecific findings, most of which were masses (often
markedly enhancing); non-mass enhancements were rarely
observed [26].

Once leukemia relapses in the breast, the extramedullary
disease is highly resistant to treatment and the prognosis

is deteriorated [13]. Although optimal consensus treatment
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strategies have not determined, surgical resection (lumpectomy
or mastectomy) with systemic chemotherapy is generally
recommended [4,13]. Treatments with concurrent radiation
therapy are controversial [13]. However, early diagnosis and
the prompt initiation of systemic chemotherapy may result in
a long disease-free survival duration and may even prove cu-
rative in some cases [13]. In cases of myeloid sarcoma of the
breast after stem-cell transplantation, disease-free survival
durations of 3, 4, and 12 years were observed when systemic
therapy was performed [13].

Conclusions

In this report, we described a rare case of myeloid sarcoma as
a breast relapse of AML after stem-cell transplantation. In this
case, the presence of a prior history of AML was helpful in the di-
agnosis of breast relapse associated with AML. However, breast
manifestation is rarely the initial diagnosis in AML. Familiarity
with the associated radiologic features may aid in the provi-
sion of a differential diagnosis when faced with this unusual
breast lesion. Although the conventional sonographic features
somewhat resembled the characteristic internal echotexture of
breast hamartoma, the color-Doppler sonography and strain
elastography findings further raised suspicions of malignancy.

This case report highlights certain sonographic features of my-
eloid sarcoma that mimic benign hamartoma, and stresses on
the added value of color-Doppler sonography and sonoelas-
tography in further assessment. When faced with an unusual
breast lesion, it is important to perform appropriate clinicopath-
ologic correlation and consider broad differential diagnoses.
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