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Abstract

Until recently, undifferentiated round cell sarcomas (URCS) in infants have been considered a 

wastebasket diagnosis, composed of various pathologic entities and lacking consistent genetic 

alterations. The recent identification of recurrent BCOR internal tandem duplications (ITD) and 

less common alternative YWHAE-NUTM2B/E fusions in half of infantile URCS and the majority 

of so-called primitive myxoid mesenchymal tumors of infancy (PMMTI) suggests a common 

pathogenesis with clear cell sarcoma of the kidney which also harbors the same genetic alterations. 

These tumors also share a similar morphology and immunoprofile, including positivity for BCOR, 

cyclin D1 and SATB2. In this study we investigate the largest cohort to date of genetically 

confirmed URCS and PMMTI with BCOR ITD or YWHAE fusions to better define their 

morphologic spectrum and clinical behavior. Twenty-eight cases harbored BCOR ITD and 5 

YWHAE fusions, occurring in 29 infants and 4 children, 19 males and 14 females. 
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Microscopically, 20 were classified as URCSs and 13 as PMMTI. Follow-up was available in 25 

patients, with 14 (56%) succumbing to their diseases at a mean duration of 18-months follow-up 

(range: 2–62). Six patients remained with no evidence of disease at a mean follow-up of 63 

months (range: 4–192), 4 patients were still alive with disease (mean follow-up: 46 months, range: 

4–120), and 1 died of other causes. Local recurrence and distant metastasis were each observed in 

11/25 (44%) of the patients. The overall survival was 42% at 3 years and 34% at 5 years (median 

survival: 26 months). There was no statistically significant survival difference between cases 

diagnosed as URCS and PMMTI and between those with BCOR ITD and YWHAE fusions.
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INTRODUCTION

The BCOR family of tumors includes a number of different entities, including soft tissue 

undifferentiated round cell sarcomas (URCS), primitive myxoid mesenchymal tumors of 

infancy (PMMTI), clear cell sarcoma of kidney (CCSK), and certain uterine sarcomas and 

intracranial tumors, having in common an undifferentiated round to spindle cell phenotype 

and overexpression of BCOR at both mRNA and protein levels. The BCOR genetic 

abnormalities include either ITD or various BCOR fusions, more often involving the 

CCNB3 gene and less commonly other partners1–3. In a small subset of cases, alternative 

YWHAE-NUTM2B/E fusions may substitute for BCOR ITD as the driver oncogenic event4. 

Despite their significant morphologic and immunohistochemical overlap, the BCOR family 

of tumors comprise pathologic entities showing distinctive clinical presentations. For 

example, BCOR ITD-positive URCS and PMMTI are often limited to infants and truncal or 

intra-abdominal soft tissue sites, while CCSK involves the kidney of young children (2–4 

years old), and tumors harboring BCOR-CCNB3 fusions occur with predilection in the 

skeleton of adolescents1,2. While the clinical behavior of CCSKs and BCOR-CCNB3-
positive sarcomas have been studied in larger series1,5, the prognosis of BCOR ITD-positive 

URCS/PMMTI has not yet been established. Furthermore, it remains unclear if any 

morphologic or genotypic parameters are predictive of patient outcome. In this study, we 

investigate the pathologic features and clinical behavior of a large cohort of genetically 

confirmed BCOR ITD/ YWHAE-NUTM2B/E-positive URCS and PMMTI.

MATERIALS AND METHODS

Patient Selection and Histologic Diagnosis

Archival material from pediatric patients with diagnosis of either URCS or PMMTI, with 

confirmed molecular abnormalities of either BCOR ITD or YWHAE-NUTM2B/E fusions, 

was retrieved from the pathology files and personal consultations of the senior authors 

(CRA, CDF, RA) covering almost two decades (2001–2019). All cases were reviewed 

centrally at MSKCC, by two sarcoma pathologists CRA and YCK. The cases were identified 

mainly by morphology and patient age, and subsequently confirmed by molecular testing. 

Thirty-three cases were collected. Hematoxylin and eosin-stained tissue sections and 

Antonescu et al. Page 2

Mod Pathol. Author manuscript; available in PMC 2020 November 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



immunohistochemical stains (BCOR, SATB2) were available for re-review on all the cases 

selected for the study. Seventeen cases were previously included in the study by Kao YC et 

al., which reported follow-up data of only 7 cases available at that time.4 In this study, we 

collected follow-up information of 14 of the 17 prior cases and also 11 of 16 subsequent 

cases. A diagnosis of PMMTI was designated if a sizable portion of the lesion was myxoid, 

arbitrarily designated as 30%, as no cutoff value was used in the initial description of 

PMMTI. However, most of the cases diagnosed as PMMTI in this series showed 

predominantly low cellularity, with the myxoid component often in the range of >80–90% of 

the material reviewed (Table 1). In all except two cases the material available for review was 

from the surgical resection. Clinical follow-up and detailed treatment information were 

obtained by reviewing the patients’ charts. The study was approved by the Institutional 

Review Board at participating Institutions.

Molecular Testing Methods

Molecular tests were performed either retrospectively during our previous study (17 reported 

cases) or as part of the diagnostic workup (the remaining 16 cases). BCOR ITD was detected 

primarily by polymerase chain reaction (PCR), and in some cases also by whole 

transcriptome sequencing, and/or targeted sequencing methods, whereas YWHAE fusions 

were identified by fluorescence in situ hybridization (FISH) in all 5 cases, with some of 

them also detected by conventional cytogenetics, whole transcriptome sequencing, and/or 

reverse transcription-PCR (RT-PCR).

Whole transcriptome sequencing was performed in 7 cases using frozen tissue material, as 

previously reported.4 Targeted sequencing was performed in 3 additional cases using one of 

the following panels: Archer DX, targeted exome and Foundation One (one case each). PCR 

and Sanger sequencing for BCOR ITD were performed using genomic DNA isolated either 

from fresh-frozen or archival paraffin tissue in 25 samples. The sequencing results of the 

PCR products were analyzed by comparing to the NCBI human BCOR gene sequences. 

FISH for YWHAE and NUTM2B/E break-apart gene abnormalities was performed using 

custom design bacterial artificial chromosome (BAC) probes. Two cases were further 

confirmed by RT-PCR for YWHAE-NUTM2B fusion. Conventional karyotyping was 

performed in two cases. The whole transcriptome sequencing method, PCR and RT-PCR 

primers and protocols, and BAC clones for FISH have been described previously.4

Statistical analysis

Statistical analysis was performed on SPSS software 22.0 (IBM Corporation, New York, 

NY, U.S.). The associations between the clinical variables and matched groups were 

evaluated by Fisher’s exact test. The overall survival time was measured in months from the 

date of diagnosis to the date of death. Kaplan-Meier estimate was used to calculate the 

overall survival. The statistical significance of different pathologic and molecular variables, 

such as type of genetic alterations and the morphologic patterns, were assessed in relation to 

survival was assessed by log-rank analysis. Prognostic variables that were significant on 

univariate analyses were subsequently subjected to multivariate analyses using the Cox 

proportional hazards model. A p<0.05 was considered as significant for all statistical 

analyses.
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RESULTS

Clinical Features

The clinicopathologic features are summarized in Table 1. All except four patients were 

infants (< 1 year of age), with 4 being diagnosed within the first month after birth, in 

keeping with congenital tumors. Two patients were diagnosed before age of 2, one of them 

presenting with a brain tumor. The remaining two patients were male teenagers, a 16 and a 

17 year-old, both presenting with bone lesions, initially diagnosed as a small cell 

osteosarcoma due to the presence of tumoral mineralization observed radiographically. The 

entire cohort included 14 females and 19 males. Most tumors were located in the axial soft 

tissue, including trunk (back, paraspinal, intraspinal L1–5, flank, abdominal wall, chest wall; 

n=14), abdomen/retroperitoneum/pelvis (n=10) and intra-thoracic (n=2). Less frequent sites 

of involvement included 4 in the head and neck (larynx, jaw, neck, orbit), 2 central nervous 

system (1 intra-cranial/extra-axial, 1 posterior fossa) and 1 in the lower limb (ankle). Tumor 

size was available in 7 patients and varied from 2.5–13 cm (mean 7 cm).

Follow-Up and Survival Analysis

Follow-up information and treatment modalities were available in all except 8 patients, 

which were either very recent cases or lost during follow-up. Eleven patients (44%) each 

developed local recurrences and distant metastases (locoregional lymph nodes, brain and 

bone). At last follow-up, 14 patients died of the disease (56%). Eight of them died within the 

first year after diagnosis, and 5 of them between 2 to 5 years after diagnosis (mean: 18 

months, range: 2–62 months). Another patient (case 26) with a primary ankle tumor, 

metastatic to the ipsilateral tibia and inguinal lymph node, was treated with amputation and 

chemotherapy, and succumbed of an episode of adenovirus hepatitis. The remaining 10 

patients were still alive. Six of them had no evidence of disease (follow-up duration: 4–192 

months, mean: 63 months), and 4 patients were alive with local or metastatic diseases 

(follow-up duration: 4–120 months, mean: 46 months).

All patients with primary tumors in the abdominal/pelvic cavity or retroperitoneum and with 

available follow-up information died of disease (100%, n=6), compared to 4 of 11 (36%) 

patients with tumors localized in the trunk. Most of the patients with no evidence of disease 

had the primary tumor located in the trunk (2 paraspinal, and 1 each in back, flank, chest 

wall and intraspinal L1–5).

All patients with information data available received chemotherapy in either the neoadjuvant 

or adjuvant setting (Table 1). Various chemotherapy regimens were administered. First-line 

chemotherapy consisted of the vincristine-actinomycin-D (VA) combination, as given for 

infantile fibrosarcoma, in 3 cases, subsequently followed by ifosfamide-based chemotherapy, 

i.e. ifosfamide-doxorubicin (ID) or ifosfamide-vincristine-actinomycin-D (IVA). One case 

received methotrexate, adriamycin and cisplatin (MAP). In all other cases, first-line 

chemotherapy included an alkylating agent – ifosfamide or cyclophosphamide – plus other 

drugs such as vincristine, actinomycin-D, doxorubicin, etoposide, or carboplatin, according 

to different regimens.
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Treatment response to chemotherapy was available in 5 cases. Objective response was 

observed in two cases: one case with a flank tumor had >50% necrosis on histologic 

evaluation of the resection, performed after ifosfamide-based chemotherapy (case 3); the 

patient was alive and disease free at the time of the analysis, 16 years after diagnosis. The 

second responding patient had a 90% size reduction of a pre-sacral tumor after neoadjuvant 

multi-agent chemotherapy (case 13); however, the patient developed multiple brain 

metastases shortly after surgery and died of disease. Two other patients did not show any 

response to neoadjuvant chemotherapy (cases 6 and 25), while another (case 28) with a 

retroperitoneal/intra-abdominal tumor progressed on treatment.

The median follow-up time for survivors was 50 months (range 4–192 months). Overall 

survival for the entire cohort was 42% at 3 years and 34% at 5 years, respectively, with a 

median survival of 26 months. Of tumors with URCS histology, 11/16 (69%) patients died 

of the disease, while 3 of 9 (33%) PMMTI patients succumbed of the disease. The mortality 

rates were similar between patients with YWHAE-NUTM2B/E fusions (2/4, 50%) and those 

with BCOR ITD (12/21, 57%). Patients classified as PMMTI had a 5 year-survival rate of 

45%, while the URCS 32%, however, the difference was not statistically significant 

(p=0.694; Fig 3A). Similarly, patients with YWHAE-positive tumors had a better outcome 

with a 5-year overall survival of 50%, compared to patients with BCOR ITD tumors, but was 

also not statistically significant (p=0.533; Fig 3B).

Pathologic Findings

Microscopic features revealed that 20 cases were predominantly solid and composed of 

sheets of primitive small blue round to ovoid cells arranged in vague nests separated by thin 

fibrous stroma (Fig. 1). Lesional cells typically showed scant palely eosinophilic cytoplasm 

and uniform round nuclei with fine chromatin. Except for two cases, all tumors showed high 

mitotic activity (>10 MF/10 HPFs) and often large areas of geographic necrosis. Most 

tumors showed a primitive round, ovoid or short spindle cell phenotype, while other patterns 

such as epithelioid with moderate to abundant cytoplasm or marked nuclear pleomorphism 

were typically absent. Some tumors showed perivascular condensation of the tumor cells and 

vague marbling, reminiscent of a high-grade malignant peripheral nerve sheath tumor (Fig. 

1). Two cases occurring in the skeleton were associated with bone matrix, mostly in the form 

of reactive new bone formation and focally suggestive of osteoid deposition, leading to a 

misdiagnosis of osteosarcoma (Fig. 1). No morphologic differences were observed between 

tumors harboring YWHAE fusion or BCOR ITD.

Thirteen cases showed primitive round to ovoid cells embedded within an abundant myxoid 

stroma, in keeping with a diagnosis of PMMTI (Fig 2). Predominantly myxoid tumors had a 

deceptively bland and hypocellular appearance suggesting benign or low-grade diagnoses. A 

delicate vascular network was often noted. At higher magnification, the tumor cells showed 

round to ovoid nuclei, with mild to moderate atypia and diffuse hyperchromasia. Necrosis 

was present in a subset of cases, typically as a focal finding. Mitotic activity in this subset of 

cases was quite variable, ranging from 1–10 MF/10 HPFs.

All tumors showed diffuse and strong immunoreactivity for BCOR and SATB2, as 

previously reported (Figs. 1–2)6. A smaller subset (30%) of cases was also tested with cyclin 
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D1, which showed nuclear positivity. No other consistent marker expression was noted, most 

tumors being negative for desmin, myogenin, S100, SOX10, CK, etc. One case showed 

TLE1 strong positivity, while all cases tested with H3K27me3 showed retained expression.

Molecular Abnormalities

Five cases showed the presence of YWHAE gene rearrangements, with 4 cases being 

confirmed to have YWHAE-NUTM2B/E fusions (Table 1). In 2 of these cases, karyotype 

analysis was performed showing a balanced t(10;17) translocation in one case and a three-

way translocation t(10;14;17) in a second. One case was studied by whole transcriptome 

analysis. The fusions were confirmed by FISH and/or RT-PCR. The other 2 were detected by 

FISH to have YWHAE gene rearrangements, including one with also NUTM2B/E 
rearrangement by FISH.

In the remaining 28 cases the presence of a BCOR ITD was confirmed by one or two 

different platforms as follows: genomic PCR and Sanger sequencing in 25 cases, whole 

transcriptome in 6 cases and various targeted RNA or DNA sequencing approaches in 3 

cases (Table 1). The exact length of the ITD was determined in 21 cases, ranging from 63–

129 base-pairs (bp), with the 2 most prevalent sizes being 66 and 96 bp.

DISCUSSION

Several groups of primitive round cell sarcomas are characterized by recurrent BCOR 
genetic alterations, resulting in oncogenic activation of BCOR. Although these pathologic 

entities show distinctive clinical presentations, they share significant overlap with regards to 

morphology, immunoprofile and molecular findings, suggesting a shared pathogenesis. The 

most common abnormality is a paracentric Xp11.4. inversion resulting in BCOR-CCNB3 
gene fusion, while less frequent examples harbor inter-chromosomal fusions between BCOR 
and various partners such as MAML3, ZC3H7B, KMT2D, CHD9, etc 1–3,7. Although the 

BCOR breakpoints in the more prevalent BCOR-CCNB3 and BCOR-MAML3 fusions are 

consistently located in the last BCOR exon 15, encoding for the PUFD domain, the 

remaining BCOR fusion variants have variable breakpoints outside the PUFD domain7. In 

some of these fusions, BCOR has been reported as both the 5’ and 3’ partners; in the latter 

variants often lacking the typical BCOR overexpression3,7. Similar to BCOR-CCNB3 
fusions, ITD alterations occur consistently within the last exon of BCOR4,5. BCOR ITD 

have been described in half of the infantile URCS and in most PMMTI4. Rare cases of 

URCS harbor alternative YWHAE-NUTMB/E fusions resulting in a similar BCOR 
activation program4. Of interest, similar exon 15 BCOR ITD have also been described in a 

group of central nervous system primitive neuroectodermal tumors (CNS-PNET), similarly 

occurring in very young children8, as well as in a rare subset of high grade endometrial 

stromal sarcomas with predominantly round cell morphology9.

Primitive mesenchymal tumor of infancy (PMMTI) was initially described as a new category 

of pediatric fibroblastic-myofibroblastic tumors, distinct from congenital/infantile 

fibrosarcoma.10 PMMTIs are characterized by variable cellularity ranging from hypocellular 

myxoid areas to sheets of primitive cells with spindle, polygonal, or round cytomorphology, 

within a myxoid matrix with delicate vasculature. However, no myxoid component cutoff 
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was used by the authors to define this entity. In this initial report, all 6 PMMTI occurred in 

infants, 3 of whom had congenital presentation of a soft tissue mass. Due to the overlapping 

clinical presentation in infants with the BCOR URCS, our initial study has investigated 7 

such PMMTI cases, including 2 patients from the initial publication, and confirmed that that 

all except one case harbor similar BCOR ITD genetic alterations as demonstrated either by 

whole transcriptome or by genomic PCR4. In the current study, the 13 PMMTI cases were 

defined by the presence of a sizable myxoid component, arbitrarily, using arbitrarily a ≥30% 

myxoid component cut-off, although most cases were predominantly myxoid (>90%), with 

the primitive round to ovoid cells being embedded in a copious myxoid matrix. Of note, a 

small subset of URCS also showed focal areas of myxoid change, suggesting a likely 

morphologic spectrum. Moreover, there was no difference in the size of BCOR ITD 

alterations between URCS and PMMTI. However, 69% (11/16) patients with tumors 

displaying URCS histology died of disease, in contrast to 33% (3/9) PMMTI patients. 

Although both PMMTI histology and YWHAE fusions were associated with a better overall 

survival compared to URCS and BCOR ITD genetic abnormalities, the difference was not 

statistically significant, suggesting that these tumors belong to a single clinicopathologic 

entity and PMMTI likely represents a morphologic variant of URCS with BCOR ITD, 

similar to the wide histologic spectrum observed in CCSK.

Additional multi-institutional, larger studies are needed to evaluate the impact of these 

various histologic subtypes and their myxoid component with survival. Due to its rare 

incidence, most of the cases included in this current analysis represent outside consults, with 

the inherent limitation that not all the material was available for review, and thus the 

estimate of the myxoid component might be inaccurate due to sampling variability. 

Moreover, based on the experience learned from CCSK, no significant difference in their 

clinical outcome has been established based on histologic patterns11. Thus, the mere 

presence or absence of myxoid stroma may not justify subclassification of an entity, which 

otherwise shares similar clinical and genetic features. Interestingly, all 13 PMMTI harbored 

BCOR ITD, and none of the YWHAE fusion positive tumors were classified as PMMTI.

This is the first study evaluating the clinical behavior and the therapeutic strategies applied 

in these patients with either BCOR ITD or YWHAE fusions. Overall, among the 25 patients 

with available follow-up, 14 (56%) succumbed of their disease at a mean of 18 months 

follow-up, regardless of their morphologic appearance or genotype. Six patients remained 

with no evidence of disease at a mean follow-up of 63 months, two of them harbored a 

YWHAE-NUTM2B/E fusion and two displayed PMMTI histology. Our results 

demonstrated that patients followed a highly aggressive clinical course, with a 3-year overall 

survival of 42% and 5-year overall survival of 34% (median survival: 26 months). As a 

retrospective study of an extremely rare disease entity and a predominantly consultation-

based case cohort, this study was bound to significant limitations, including small case 

number, lack of complete data on certain parameters, such as tumor size, disease stage at 

presentation, and margin status of surgical resection, and uniform therapy protocols. Further 

multi-institutional investigations or prospectively-driven case registry studies are needed to 

provide stronger correlations between pathologic findings and survival, and therefore to 

better guide treatments for these patients.
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As previously documented, most of the patients were infants and presented with large, bulky 

tumors often involving the trunk or abdominal/pelvic cavity. Two outlier cases presented in 

older children (both male teenagers) as destructive and sclerotic bone tumors (vertebral body 

and scapula). Due to their radiographic appearance, focal bone matrix deposition and 

SATB2 diffuse reactivity, both cases were misinterpreted as small cell osteosarcomas and 

treated as such. The clinical features of these two cases (skeletal lesions in male children) is 

highly reminiscent of the common presentation of BCOR-CCNB3 fusion positive 

sarcomas1,2. In fact, focal osteoid matrix deposition has been reported in rare cases of 

BCOR-CCBN3 positive tumors, further highlighting diagnostic challenges2.

In conclusion, this study investigated the clinicopathologic features of 33 patients with 

URCS harboring BCOR ITD or YWHAE fusion, with follow-up information in 25 of the 

cases, highlighting their aggressive clinical behavior. There was no significant survival 

difference between different genotypes (BCOR ITD vs YWHAE fusion) and between those 

classified microscopically as URCS and PMMTI, suggesting a single pathologic entity.
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Figure 1. Morphologic spectrum of URCS with YWHAE and BCOR ITD genetic alterations.
YWHAE-NUTM2B/E positive congenital tumor composed of primitive round cells arranged 

in solid sheets and vague nests (A, case 4). BCOR-ITD infantile URCS showing a solid 

growth of undifferentiated round to ovoid cells with scant eosinophilic cytoplasm and 

vesicular nuclei with small nucleoli, mitotic activity is brisk (B, case 9). Alternative growth 

patterns included rosette formation and alveolar growth (C, D, case 12). Two cases occurred 

in adolescents both showing matrix formation radiographically and focally microscopically, 

being misinterpreted as small cell osteosarcomas (E-H, cases 19&20). The scapular bone 

lesion in a 16 year-old male showed a marbled appearance on low power with alternating 

hyper and hypocellular areas (E, case 19); at high power the primitive round cells showed a 

vague nesting growth and focal hyalinized stroma which in the context of SATB2 positivity 

was interpreted as osteoid production (F). Similarly, the paraspinal lesion showing vertebral 

bone involvement and marked sclerosis on radiology, was composed of primitive round cells 

embedded in a myxochondroid and fibrotic matrix (G, H, case 20). Strong and diffuse 

BCOR expression is typically seen in all cases (I).
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Figure 2. Morphologic spectrum of PMMTI with BCOR ITD abnormalities.
A small number of PMMTI cases showed areas of a solid round cell component limited to 

<30% of the mass (A, case 32). Most tumors however were diffusely myxoid with primitive 

round, ovoid or spindle cells floating within the extracellular matrix and associated with a 

delicate capillary network (B-E, cases 22,24,29). Despite low cellularity, the mitotic activity 

was often increased (B, case 29). Focal areas of spindling within a fibromyxoid stroma was 

also noted focally in some cases (F, G, cases 28,31). Focal PMMTI-like areas were noted in 

a subset of URCS (H, case 18). Similar to URCS, PMMTI consistently showed strong 

immunoreactivity for BCOR (I).
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Figure 3. 
Kaplan-Meier survival curves showing overall survival for (A) the two histologic types, 

URCS and PMMTI; and (B) the two genetic abnormalities, YWHAE fusions and BCOR 
ITD.
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