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Background. Myeloid sarcoma (MS), also known as granulocytic sarcoma or chloroma, is a solid tumor of extramed-
ullary localization composed of malignant primitive myeloid cells. Th e purpose of the study was to identify clinical and 
imaging features in a large patient sample.
Patients and methods. Overall, 71 cases (34 females (47.9%) and 37 males (52.1%) with a median age of 56 (± 16 
years) of histopathologically confirmed myeloid sarcoma were included into this study. The underlying hematological 
disease, occurrence, localizations and clinical symptoms as well as imaging features on computed tomography and 
magnetic resonance imaging were investigated.
Results. In 4 cases (5.63%) the manifestation of MS preceded the systemic hematological disease by a mean value 
of 3.8 ± 2.1 months. In 13 cases, first presentation of MS occurred simultaneously with the initial diagnosis of leukemia, 
and 51 patients presented MS after the initial diagnosis of the underlying malignancy with a mean latency of 39.8 
± 44.9 SD months. The visceral soft tissue was affected in 26 cases, followed by the cutis/subcutis was affected in 21 
cases. Further localizations were bones (n = 13), central nervous system (n = 9), lymph nodes (n = 4) and visceral or-
gans (n = 9). 
Conclusions. MS is a rare complication of several hematological malignancies, predominantly of acute myeloid 
leukemia, which can affect any part of the body. In most cases it occurs after the diagnosis of the underlying malig-
nancy, and affects frequently the cutis and subcutis.
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Introduction

Myeloid sarcoma (MS), also known as granulo-
cytic sarcoma or chloroma, is a solid tumor of ex-
tramedullary localization composed of malignant 
primitive myeloid cells.1 A first mention of the 
pathology was found in 1811 by Burns and later 
called chloroma on account of its typical green ap-
pearance caused by the presence of the enzyme 
myeloperoxidase in the granules of the immature 
granulocytic precursors.2,3 Its occurrence is linked 
with leukemic diseases of the myeloid cell line, 
primarily in patients with acute myeloid leukemia 
(AML) and less commonly in those with its chronic 

form (CML), myelodysplastic syndrome (MDS) or 
other myeloproliferative disorders.4 It may develop 
concurrently with mentioned primary diseases or 
be the initial manifestation of relapse in an already 
treated case.4 Especially, after allogenic bone mar-
row transplantation an increased incidence has 
been described.5 Very rarely, MS can occur in the 
absence of a systemic disease and predate onset of 
an underlying hematologic malignancy by months 
to years.6 Treatment options, including radiation 
and chemotherapy are based upon an early and ac-
curate diagnosis is crucial.7 However, particularly 
inapparent bulks pose a diagnostic challenge lack-
ing indicatory laboratory findings. Moreover, MS 



Radiol Oncol 2019; 53(2): 213-218.

Meyer HJ et al. / Radiological and clinical patterns of myeloid sarcoma214

can possibly involve any organ system.4,5,8 There 
are only a few systematic evaluations of radiologic 
findings with small patient populations, mainly 
limited to case reports.9-13

Therefore, the purpose of this study was to eval-
uate imaging characteristics of MS in a large pa-
tient sample and to establish possible correlations 
between imaging and clinical data, assess growth 
patterns and typically imaging features.

Patients and methods
Patients

The study was conducted in accordance with the 
Declaration of Helsinki and the protocol was ap-
proved by the Ethic Committee of the University 
of Leipzig. For this retrospective study, the 
Institutional Ethic Committee waived the need for 
informed consent (Committee of the University of 
Leipzig, Study codes Nr. 027/2002 and 162/2004). 
Patient records of the local oncology and hematol-
ogy department from October 1992 to February 
2016 were screened for myeloid sarcoma. Overall, 
71 cases of histopathologically confirmed MS were 
identified and included into this study. There were 
34 females (47.9%) and 37 males (52.1%) with a me-
dian age of 56 ± 16 years (range 14–85 years). For 
43 (60.6%) patients, imaging studies were available 
for evaluation.

Clinical features

All patient records were reviewed by one of the 
authors. The underlying hematological disease 
was categorized in following subgroups: acute 
myeloid leukemia (AML), chronic myeloid leuke-
mia (CML), myeloproliferative syndrome (MPS), 
myelodysplastic syndrome (MDS), myelofibro-
sis, biphenotypic leukemia and chronic myelo-
monocytic leukemia (CMML). Number and type 
of bone marrow transplantation (autologous vs. 
allogeneic related donor vs. allogeneic non-relat-
ed donor) were obtained. The time between the 
initial diagnosis of the primary disease together 
with a potential treatment by use of bone marrow 
transplantation and appearance of the granulo-
cytic sarcoma was calculated. Finally, the kind of 
the first clinical manifestation was identified and 
sorted as followed: neurological failures; inciden-
tal by imaging; pain; skin-related color changes or 
swelling; Organ-specific dysfunction. If there was 
a combination of symptoms, the leading one was 
determined. 

Image analysis

Three and forty patients with myeloid sarcoma un-
derwent imaging with computed tomography (CT) 
(n = 13; 30.2%); magnetic resonance imaging (MRI) 
(n = 27; 62.8%); CT and MRI (n = 1; 2.3%). Imaging 
protocols varied due to the different body region. 
Two radiologists (MB and AS) with 3 and 15 years 
of radiological experience, respectively, analyzed 
the images in consensus and in awareness of the 
pathologically proven diagnosis. Following fea-
tures were noted: type of modality (CT, MRI), 
maximum size (largest diameter in mm), number 
of lesions, type of affected site (osseous; soft tis-
sue; central nervous system; visceral organ; (sub-) 
cutis; lymph nodes); application of contrast agent, 
imaging appearance (hypodense/hypointense, 
isodense/isointense, hyperdense/hyperintense) 
and type of enhancement (no enhancement; ho-
mogenous or inhomogenous enhancement).

Statistical analysis

Collected data were analyzed by means of descrip-
tive statistics (absolute and relative frequencies) 
with SPSS (SPSS 17.0, SPSS Inc., Chicago IL, USA). 
Continuous variables were expressed as means ± 
standard deviation (SD), and categorical variables 
as percentages.

Results
Clinical findings

Overall, 57 (80.3%) suffered from AML, 7 (9.9%) 
from CML, 3 (4.2%) from MDS, 2 (2.8%) from MPS 
(2.8%) and 2 (2.8%) from CMML.

In 4 cases (5.6%) the manifestation of MS preced-
ed the systemic hematological disease by a mean 
value of 3.8 ± 2.1 months. In 13 (18.3%) cases first 
presentation of MS occurred simultaneously with 
the initial diagnosis of leukemia, and 51 (71.8%) pa-
tients presented MS after the initial diagnosis of the 
underlying malignancy with a mean latency of 39.8 
± 44.9 SD months. 

Clinically, swelling (n = 30; 46.2%) was the most 
common finding, followed by pain (n = 14; 21.5%), 
neurological deficit (n = 11; 16.9%) and dysfunction 
of the affected organ (n = 8; 12.3%). In 8 patients 
(11.3%) the diagnosis was made incidentally by 
imaging.
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Number, size, and localizations of MS

In 30 patients (42.3%) one MS lesion occurred, in 
41 cases (57.7%) 2 or more lesions. The size of all 
localized tumors varied from 7 mm to 150 mm with 
a mean value of 44.9 ± 27.8 mm.

In 58 patients (77.5%) MS was limited to one lo-
calization, 10 patients (14.1%) showed two differ-
ent localizations, and in 3 (4.2%) patients three or 
four several localizations of were identified. 

Overall, the visceral soft tissue was affected in 
26 cases (29.9%), followed by the cutis/subcutis 
was affected in 21 cases (24.1%). Further localiza-
tions were bones (n = 13; 14.9%), central nervous 
system (n = 9; 10.3%), lymph nodes (n = 4; 4.6%) 
and visceral organs (n = 9; 10.3%). Table 1 displays 
the affected localizations.

Imaging findings
CT

14 patients with 23 lesions were investigated with 
CT. All lesions were isodense compared to muscu-
lature (Figure 1). Every lesion showed a moderate 
enhancement of intravenous contrast medium. The 
enhancement was homogenous in 15 cases (65.2%), 
and inhomogenous in 8 cases (34.8%). Figure 2 and 
4 display CT findings of two cases.

MRI

Overall, 28 patients were investigated by MRI. 
OnT2-weighted (T2w) images, in most cases (n = 23;

TABLE 1. The affected body regions of the patients

Region N %

Visceral soft tissue 26 29.9

Cutis 21 24.1

Bones 13 14.9

Central nervous system 9 10.3

Lymph nodes 4 4.6

Stomach 3 3.4

Pancreas 3 3.4

Heart 2 2.3

Enteric 2 2.3

Testis 1 1.2

Breast 1 1.2

Bladder 1 1.2

Kidney 1 1.2

All 87 100

FIGURE 1. Computed tomography in a 89-years old patient with 
chronic myeloid leukemia showing a large abdominal mass 
(arrow) affecting the small bowel. Histological examination 
(not shown) after surgical biopsy confirms an extramedullary 
relapse of the known leukemia.

FIGURE 2. Magnetic resonance imaging findings in a 32-years old patient with 
known history of acute myeloid leukemia. Clinical presentation with headache. MRI 
documenting a large lesion in the left temporal lobe (arrows). On T1 weighted image it 
is slightly hypointense (A). After intravenous application of contrast medium, the lesion 
shows an inhomogenous enhancement (B). Histological examination (not shown) 
after surgical biopsy confirms an extramedullary relapse of the known leukemia.

82.1%) MS was hyperintense, and in 5 cases (17.9%) 
isointense in comparison to the musculature. On 
T1-weighted (T1w) images, MS was hypointense in 
11 cases (39.3%) and isointense in 17 cases (60.7%) 
(Figure 2).

In 22 cases (78.6%) intravenous contrast media 
was applied. In most cases (n = 21; 95.4%), a moder-
ate homogenous enhancement was found and one 
lesion showed no enhancement (4.6%).

Diffusion weighted imaging (DWI) was avail-
able for 5 patients. The mean apparent diffu-
sion coefficient (ADC) value was 0.57 x10-3 mm²/s 
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± 0.18, median 0.50 x10-3mm²/s, range 0.36–0.84 
x10-3mm²/s. Figure 3 and 4 display typically find-
ings.

Discussion

The present study provides clinical and imaging 
findings of MS in a large patient sample. The di-
agnosis of MS might be challenging, even for the 
pathologist, and thus, typically clinical features are 
of importance for the radiologist and oncologist to 
establish the proper diagnosis. Furthermore, the 

occurrence of MS is associated with an overall poor 
survival with 15.9 months.6,8,14

According to the literature, the prevalence of 
MS varied from 2.5% to 9% in AML patients.9,15,16 
However, due to its rare incidence, systemic data is 
still lacking to date. Additionally, the incidence of 
MS in myelodysplastic syndrome is even lower.16 

Concordantly, only 2 patients with myelodysplas-
tic syndrome and 2 patients with myeloprolifera-
tive disorders were identified in our patient sam-
ple.

As reported previously, MS can occur in three 
different situations. Firstly, it can occur prior to 
marrow/blood leukemia. In such cases systemic 
leukemia generally develops within one or two 
years after diagnosis of extramedullary relapse.6,8,9

Secondly, MS can occur in systemic disease, ei-
ther at the time of diagnosis of leukemia or sub-
sequent to diagnosis.6,8,9 Thirdly, MS can manifest 
itself as a relapse after therapy or stem cell trans-
plantation.6,8,9 Most frequently, MS occurred in up 
to 50% after onset of AML, in 15–35% contempo-
raneous with the leukemic manifestation and, less 
frequently, before the diagnosis of the underlying 
malignancy.16 

In the present study, in 71.30% of cases MS oc-
curred with a mean of 40 months after the primary 
diagnosis. Overall, these results are in good agree-
ment with the literature. Interestingly, the time 
between occurrence of MS and the initial onset of 
disease was longer than in a recent study by Kaur 
et al., in which it was only 8.8 months.6 Clearly, 
the diagnosis of MS is easier in cases with known 
AML. However, 18.3% of our patients developed 
MS simultaneous and even in 5.6% before the on-
set of a hematological disease. In these cases, the 
diagnosis may be very challenging to make due to 
several possible differential diagnoses. It has been 
reported that misdiagnosis rates in cases with MS 
varied from 25% to 47%.15 Frequently, Hodgkin-
Lymphomas, MALT lymphoma, or Ewing’s sarco-
ma were diagnosed instead of MS.15 Furthermore, 
infectious diseases like abscesses have to be con-
sidered as a diagnosis because these occur very 
frequently in leukemic patients with immunosup-
pression, either due to chemotherapy or due to the 
malignancy itself.9

The clinical presentation largely depends on the 
affected site of MS, and, thus, MS can be presented 
with a lot of different symptoms.15 Regarding lo-
calizations, MS affects most frequently cutis, sub-
cutis and visceral soft tissue.6,9  In an older study 
investigated 50 patients, 21 patients had a lesion in 
the soft tissue, 15 patients had lymph nodal lesions, 

FIGURE 4. Computed tomography of the thorax (A) and abdomen in portal venous 
phase (B) in a 54-years old patient with acute myeloid leukemia documenting 
multiple paravertebral and retroperitoneal enhancing masses (arrows). Additionally, 
pleural and pericardial effusions are seen.

FIGURE 3. Axial T2 weighted image of the pelvis documenting multiple slightly 
hyperintense intramuscular lesions (arrows) in a 59-years old patient with known 
history of acute myeloid leukemia.
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and skin lesions in 13 patients.17 Only one patient 
had a brain lesion and 4 had gastrointestinal le-
sions.17 However, in a recent study analyzed 23 pa-
tients, skin and subcutaneous tissue was affected 
the most cases (69.5%).6 Furthermore, according to 
Neiman et al., in most cases, MS presented with one 
lesion, and 16% had two and more lesions.17 

In the present study, MS was isolated to one 
body area in up to 80% of the cases. However, 
42.3% of patients had more than 3 lesions, especial-
ly found in patients with subcutaneous involve-
ment. This finding might be beneficial to rule out 
possible differential diagnosis like solid tumors, 
which only presents with a single lesion. 

Concordantly to the literature, a preference for 
subcutaneous involvement was also identified, fol-
lowed by osseous and affection of the central nerv-
ous system. Affection of visceral organs and lymph 
nodes were rarer in the present patient sample 
than in the previous studies.

Clearly, every unknown lesion no matter the lo-
calization in a patient with known AML, should be 
indicative for MS. 

Clinically, myeloid sarcoma was apparent in half 
of the cases with swelling and skin discoloration, 
which underlines the importance of a good physi-
cal examination in oncologic patients. Furthermore, 
in 29.2% neurological and organ dysfunctions were 
found and in 21.5% pain was the main symptom. 
Notably, 11.3% of the MS cases were detected in-
cidentally by imaging studies. For example, these 
included one patient with a cardiac manifestation. 
Due to increasing performance of imaging stud-
ies in oncologic patients, we hypothesize that the 
amount of incidentally detected MS will increase 
concordantly. Therefore, the radiologist and oncol-
ogist need to be aware of the entity of MS.

Shinagare et al. described MRI features of 25 
patients with 41 different MS localizations.18 The 
authors identified lesions with a mean size of 5.6 
cm (range 1–20 cm), which is good comparable 
with our data. Regarding signal intensities, 75.6% 
were isointense and 24.4% were hypointense on 
T1-weighted images. Moreover, on T2-weighted 
images, 95.1% were hyperintense and 4.9% were 
isointense.18 These results are also in good agree-
ment with the present study, however, we detected 
more hypointense lesions on T1-weighted images, 
and more isointense lesions on T2-weighted imag-
es. Furthermore, Oii et al. investigated 11 patients 
with MS with similar imaging characteristics.13 MS 
lesions were concordantly isodense in the present 
study on CT. Regarding contrast media enhance-
ment, every lesion showed a moderate contrast 

media enhancement with more lesions with a ho-
mogenous enhancement than heterogenous. 

However, it should be acknowledged that nei-
ther the behavior of the signal intensity on MRI 
and CT nor the contrast enhancement is specific 
for MS lesions. For example, inflammatory lesions, 
such as abscess formations or other neoplastic le-
sions, such as lymphomas can show  similar imag-
ing findings.9

Chaundhry et al. reported a diffusion restric-
tion in 96% of patients with cerebral myeloid sar-
coma on diffusion weighted images (DWI).12 In our 
study, the appa rent diffusion coefficients of the le-
sions ranged from 0.36 to 0.84 mm²/s. This finding 
might be caused by high cellularity in these lesions 
as it was shown in several other malignancies.19 
Our results are in good agreement with those of 
Chaundhry et al. Therefore, DWI might be a use-
ful diagnostic tool for myeloid sarcoma evaluation. 
However, other cell rich tumors and tumor-like 
lesions, such as lymphomas, poorly differentiated 
carcinomas, and abscesses can also show restricted 
diffusion.

According to the literature, another beneficial 
imaging modality is PET/CT, which has better ac-
curacy than CT alone in diagnosing MS.20 As re-
ported, MS lesions show elevated FDG uptake and 
the uptake changes under therapy, which also cor-
relates with clinical outcome.20

Our study has several limitations. First, it is a 
retrospective study with potential confounding 
factors. Second, the patient sample is relatively 
small, mainly caused by the rare incidence of my-
eloid sarcoma. However, the present study sample 
is one of the largest to date. Furthermore, prospec-
tive studies are lacking to this date due to low inci-
dence. Third, some previously identified localiza-
tions like involvement of the lung was not identi-
fied in the present study sample. 

Conclusions

Myeloid sarcoma is a rare occurrence of several he-
matological malignancies, predominantly of AML, 
which can affect any part of the body. In most cases 
it occurs after the diagnosis of the underlying ma-
lignancy, and affects frequently the cutis and sub-
cutis. This study provides typical clinical and im-
aging findings in a large patient sample. However, 
the imaging findings are not specific for myeloid 
sarcoma and other differential diagnoses, such as 
inflammatory lesions or other neoplastic lesions 
have to be considered.
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