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Abstract
Introduction Primitive myxoid mesenchymal tumor of infancy (PMMTI) is a recently diagnosed entity, with only a handful of
cases reported to date.
Case description Herein, we present the occurrence of this tumor in a 2-year-old boy, initially diagnosed as primitive
neuroectodermal tumor of the extremity and treated with chemotherapy and surgical resection. He later presented with a
cerebellar lesion, and biopsy was consistent with PMMTI.
Conclusion While there have been previous cases of PMMTI reported with loco-regional metastatic spread, to our knowledge,
there is no known incidence of distant metastasis with involvement of the central nervous system, which makes this case the first
of its kind.

Keywords Primitivemyxoidmesenchymal tumor of infancy .Metastasis . Brain involvement

Introduction

Primitive myxoid mesenchymal tumor of infancy (PMMTI) is
a distinct soft tissue tumor, characterized by its positive reactiv-
ity to immunohistochemical markers such as CD99, CD117,
and nestin, and a diffuse myxoid background with delicate
vascularity on histopathology. Its treatment protocol mainly
involves radical surgery. This tumor also has a tendency for
local recurrences, if clear margins are not attained during resec-
tion. In this particular study, we present the first known PMMTI
case with brain metastasis. The clinical and histopathological

description of the tumor, in addition to the chemical markers
used as part of the diagnosis, has been reviewed below, along
with the course of the disease and the management approach.

Patient presentation and methods

A 2-year-old boy came to the clinic with a history of swelling
on the medial aspect of the right arm since 1 month of age. An
ultrasound was done which showed a well-defined
hypoechoic structure in the upper part of the right arm, near
the axilla with color flow on Doppler, suggestive of an en-
larged lymph node. He was started on antibiotics and ob-
served, but the swelling appeared to gradually increase in size.
Consequently, an MRI contrast of the right arm was done
which showed a large, well-defined, thin-walled collection
in the anterior compartment of the right arm, displacing the
surrounding muscles and vessels, showing fine septations,
without any contrast enhancement, suggestive of a
lymphangioma. Some of the images are given below in Fig. 1.

The patient underwent resection of the tumor. The histopa-
thology report showed small tumor cells arranged in diffuse
sheets. These tumor cells had small nuclei with clear to light
eosinophilic cytoplasm. Myxoid changes were noted at the
periphery, with interspersed scattered blood vessels.
Immunohistochemical stain showed reactivity positive to
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CD99, equivocal Myo-D1, and negative to desmin,
myogenin, S-100, EMA, TdT, and synaptophysin. These find-
ings suggested a primitive malignant round cell tumor, with
differential diagnosis of Ewing sarcoma, owing to CD99 pos-
itivity. The metastatic work-up including bone scan, CTchest,
and bone marrow aspirate was negative.

He was given six cycles of chemotherapy (vincristine,
adriamycin, ifosfamide—VAI), followed by MRI which
showed an interval reduction in tumor size and an overall
improvement in the disease process. The child underwent re-
resection and the histopathology showed no evidence of re-
sidual tumor. He received eight more cycles of chemotherapy,
including VAI; however, the end-of-therapy MRI showed re-
demonstration of well-defined elongated/ fusiform-shaped le-
sion within muscles along the anteromedial aspect of the right
upper arm. He underwent re-resection and the histopatholog-
ical findings that were reviewed at St. Jude Children’s
Research Hospital showed a partially circumscribed lesion
with a nodular architecture, composed of short, oval spindle
cells with moderate nuclear atypia arranged in sheets against a
myxoid background, with a curvilinear vascular pattern. Focal
areas show aggregates of round cells with vague tubule for-
mation (Fig. 1a–c). Approximately 6–8 mitosis/10 HPF were

noted and the lesion was involving the inked excision margin.
The t umo r c e l l s we r e nega t i v e f o r g l y cogen .
Immunohistochemical staining was done which showed the
cells were positive for CD99 and cyclin D1 (Fig. 1d) and
negative for desmin, BCL6, SOX-10, CD34, S-100, EMA,
cytokeratin, AE1/ AE3, smooth muscle actin (SMA), and al-
pha smooth muscle actin (ASMA). Molecular cytogenetics
showed negativity for rearrangements of FUS and EWSR1
ruling out myxoid liposarcoma. These findings were consis-
tent with low-grade primitive sarcoma of infancy (PMMTI).

Post-surgery MRI was repeated and few enhancing lymph
nodes were identified in the right axilla. Additionally, there
were enhancements identified along the neurovascular bundle
in the axillary region. An abnormal signal intensity lesion was
also identified on the anteromedial aspect of the lower
metadiaphysis of the right humerus adjacent to the right
brachialis. This was suspected to most likely represent
residual/recurrent disease (Fig. 2a, b).

This was followed by a positron emission tomography
(PET) scan, which showed bilateral fluorodeoxyglucose
(FDG) avid level II and axillary lymph nodes with standard-
ized uptake values (SUV) ranging up to 12.49 and few non-
FDG avid hypodense regions in the right cerebellum,

Fig. 1 a Low power examination shows a lobulated tumor exhibiting
primitive round and spindles cells present in a myxoid stroma. b, c
Intermediated and high-power examination shows sharply demarcated

round and spindle cells. The round cells have hyperchromatic nuclei. d
Membranous CD99 positivity in tumor cells
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consistent with distant metastasis. MRI of the brain showed
evidence of multiple focal lesions within the cerebellum on
the right with extension down to the craniocervical junction.
The lesions were hyper intense on T2-weighted images and
fluid-attenuated inversion recovery (FLAIR) images, and
hypo intense on T1-weighted images, with non-
homogenous pattern of post-contrast enhancement, and
likely representing metastatic involvement from the

previously diagnosed PMMTI (Fig. 3a, b). Histologically,
tumor cells showed primitive round cells in myxoid stroma
with focal spindle cells (Fig. 4a, b). Focal areas showed
palisading of nuclei. Gross total resection of the disease
was not possible due to proximity to the brain stem.
Since chemotherapy or radiation therapy was also not an
option, the family was counseled and it was mutually
agreed to manage the child on palliation.

Fig. 2 Multi-planar T2 WI with
and without fat saturation of the
right shoulder showing a well-
defined abnormal signal intensity
mass in the anterior facial
compartment of the right arm
appearing hyperintense on T2-
weighted images. No hemorrhage
or significant contrast
enhancement was noted within
the mass or along its walls. Mass
is displacing the surrounding
muscles and vessels without any
evidence of invasion or bone
destruction

Fig. 3 Multi-planar T2 WI showing multiple multi-lobulated abnormal signal intensity, likely extra axial lesions in the infratentorial compartment
resulting in significant mass effect and displacement of the cerebellum, brainstem, and upper cervical cord
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Discussion

PMMTI is a rare soft tissue tumor that has been proven to be
distinct from other tumors of infancy, on the basis of histopathol-
ogy and immunohistochemicalmarkers, and also on the nature of
the tumor. It was first reported in 2006 by Alaggio et al., where
he gave a clinic-pathologic report of six cases of PMMTI [1].

Microscopically, PMMTI usually has a diffuse myxoid
background, delicate vascularity, small cystic spaces, low to
moderate cellularity, increased atypia, and primitive mesen-
chymal tumor cells. One rare case also showed the presence
of rosettes [2]. A study by Kao et al. has shown this feature of
rosettes and small cell morphology to be associated with a
more aggressive and poor prognosis. The tumor generally
tends to range in size from 10 to 15 cm [3].

On immunohistochemistry, the tumor cells generally tend
to show positive reactivity to CD99, CD117, and nestin, a
positive or diffuse reactivity for vimentin, and negative reac-
tivity to smooth muscle actin, muscle-specific actin, desmin,
S-100 protein, or myogenin [4]. There is also no reactivity for
myofibroblastic, myoid, or neural markers. Furthermore, in-
ternal tandem duplication of B cell CLL/lymphoma 6 (BCL6)-
interacting co-repressor (BCOR) exon 15 and YWHAE-
NUTM2B fusions have also been recently described to be
present in PMMTI [5]. The presence of BCOR expression
and YWHAE-NUTM2B fusions has also been noted in some
soft tissue undifferentiated round cell sarcoma (URCS) and
clear cell sarcoma of the kidney (CCSK). While there are
overlapping morphological features of uniform round to spin-
dle cells and it is proposed that there are similar genetic alter-
ations among these tumors due to the clinicopathological
overlap as well, PMMTI has shown to have a more prominent
myxoid stroma. Therefore, even though the limits between
PMMTI with URCS and PMMTI with CCSK are not so well
defined, the characteristic histology of primitive cells with
abundant myxoid stroma can help in better differentiating
PMMTI from these tumors.

PMMTI is also different in its clinical nature, which in-
cludes early age at presentation, local recurrence, aggressive-
ness, and poor response to chemotherapy [6]. Commonly re-
ported locations for this tumor include the somatic soft tissues
of the trunk, the head and neck region, and the extremities [7].
However, distant metastases are rare. After Alaggio’s initial
report, another case series was written by Cuthbertson et al.
This study included the cases reported by Alaggio and men-
tioned three additional ones too. From these nine verified
cases, all but two recurred. There were no distant metastases,
and only one patient died of the disease. Furthermore, in all
but one of these nine cases, the tumor presented itself at an
early age, with the odd one occurring in a child (non-infant) at
the age of 3. In all of these patients, surgery was performed to
remove the tumor, with chemotherapy being used in just three
cases [8]. It is also notable that with all the three cases where
chemotherapy was used, recurrences eventually occurred.

Recently, five more cases were reported by Santiago et al.
These consisted of three girls and two boys with mean age of
6.5 months. The tumors were located in the paraspinal region
(n = 3), back (n = 1), or foot (n = 1) and ranged in size from 2.5
to 10.2 cm. In all five cases, BCOR internal tandem duplica-
tion was confirmed via PCR and sequencing [9]. For our pa-
tient, BCOR immunohistochemical staining and FISH analy-
sis for ETV6-NTRK3 rearrangement were not performed as it
is not available in our lab. Cyclin D1 and BCL6 molecular
analysis was performed. Cyclin D1 was positive and BCL6
was negative.

The tumors in the differential diagnosis of PMMTIs in-
clude embryonal rhabdomyosarcoma, Ewing sarcoma/
primitive neuroectodermal tumor, congenital infantile fibro-
sarcoma (CIF), and primitive sarcomas such as undifferentiat-
ed sarcoma. The absence of BCOR and BCL6 immunoreac-
tivity in CIF further helps to differentiate it from PMMTI, on
the basis of molecular techniques and also further points out
how PMMTI is entirely different from other soft tissue sarco-
mas. Another diagnostic modality would be CT or MRI,

Fig. 4 aHistology of metastatic tumor shows cords and nests of primitive round cells. b Spindle to round cells deposited in abundant myxoid stroma are
noted in other areas of tumor
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where PMMTI will likely show prominent vascularity but
little contrast enhancement [10].

The increased attention given to differentiating PMMTI
from other tumors of similar nature is primarily because of
its different management approach. Because PMMTI is al-
ready a rare entity and the tumors have been variously di-
agnosed and treated, it is difficult to define the best options
with regard to management. So far, the preferred mode of
treatment is radical surgical excision with establishment of
negative margins [11]. This may require partial amputations
or extensive dissections creating large and morbid defects.
Ensuring negative margins during surgical excision is

imperative as the most notable risk factor for local recur-
rence is excision without negative margins, where recur-
rences usually tend to occur within months. Because this
tumor is unresponsive to chemotherapy, treatment of prima-
ry tumors and recurrences can get difficult. To date, radia-
tion therapy has not been implemented as a sole treatment
modality and the long-term outcome for these patients is
unclear. For instance, one case report showed the unusual
transformation of a PMMTI into an undifferentiated high-
grade sarcoma, 5 years after surgical resection of the primary
PMMTI [12]. Table 1 shows the clinical course and treat-
ment of published cases on PMMTI.

Table 1 Table of published cases with clinical course

Author Sex Age Location of tumor Size of
tumor (cm)

Treatment Recurrence Outcome (on follow-up
from available records)

Alaggio 2006 Male 15 days Larynx 2.5 Surgery, chemotherapy Yes Alive with disease

Alaggio 2006 Male 1 month Thigh 15 Surgery, chemotherapy Yes No evidence of disease

Alaggio 2006 Male 2 months Forearm 10 Surgery None No evidence of disease

Alaggio 2006 Male 2 months Paraspinal soft tissue 5.5 Surgery Unknown Unavailable

Alaggio 2006 Female Newborn Supraclavicular
soft tissue

5 Surgery Yes Alive with disease

Alaggio 2006 Female Newborn Back, chest, neck,
abdomen

15 Surgery Residual disease Dead with disease

Mulligan 2011 Female 8 months Thenar eminence 2 Surgery Yes No evidence of disease

Lam 2011 [13] Male 3 months Back 3.5 Surgery None No evidence of disease

Gong 2012 Male 5 months Anterior neck soft
tissue

4.5 Surgery Yes Alive with disease

Gong 2012 Female Newborn Dorsal lumbar region 6 Surgery Yes U/A

Su TC 2013 Male 3 months Scalp N/A Surgery None No evidence of disease

Saito 2013 Female 19 months Sacrococcygeal 4.5 Surgery None No evidence of disease

Cuthbertson 2014 Female 3 years Hard palate 7 Surgery, chemotherapy Yes No evidence of disease

Wang 2014 Male 4 years Head and neck (n = 2)
and lumbar
region (n = 1)

N/A Surgery 1 patient had local recurrences twice
and died 2 years later. Other 2 remained
well with no evidence of disease.

Wang 2014 Male 2 days N/A Surgery

Wang 2014 Female 3 months N/A Surgery

Cipriani 2014 Female 15 months Ankle 2 Excisional biopsy None No evidence of disease

Guilbert 2015 Female 8 months Cervical mass 7.5 Surgery, chemotherapy Yes Alive with disease

Foster 2016 Female 3 months Upper chest wall 7 Surgery No No evidence of disease

Cramer 2017 [14] Female 13 months Paraspinal mass 0.8 Surgery, chemotherapy,
radiation

Yes No evidence of disease

Kao 2017 Male 9 months Abdominal wall N/A N/A Yes Alive with disease

Kao 2017 Male 6 months Retroperitoneum N/A N/A N/A N/A

Kao 2017 Female 10 months Abdominal cavity N/A N/A N/A N/A

Kao 2017 Female 4 months Paravertebral N/A N/A N/A N/A

Kao 2017 Male 1 year Thigh N/A N/A N/A N/A

Santiago 2017 Male 1 week Paraspinal 10.5 N/A N/A N/A

Santiago 2017 Female 9 months Back 2.5 N/A N/A N/A

Santiago 2017 Female 8 months Paraspinal N/A N/A N/A N/A

Santiago 2017 Female 13 months Paraspinal N/A N/A N/A N/A

Santiago 2017 Male 2 months Left foot 3.4 N/A N/A N/A

Present case Male 2 years Medial aspect
of arm

7.8 Surgery, chemotherapy Yes No follow-up

N/A not available
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This report presents a child who had PMMTI with distant
metastasis to the brain. To our knowledge, this is the first
reported case of a PMMTI with such a clinical course. This
study, and others on PMMTI, emphasizes the importance of
cytogenetics and testing of molecular markers and immune-
histochemical techniques in the diagnosis of these soft tissue
sarcomas [15].
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