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ABSTRACT

Introduction: BCOR rearranged sarcomas comprise a group of malignant mesenchymal tumors that
until recently were classified as Ewing sarcomas or as undifferentiated round cell sarcomas. The identi-
fication of alterations involving BCOR gene such as BCOR-CCNB3, BCOR-MAML3, ZC3H7B-BCOR fusion
genes and BCOR internal tandem duplication (ITD) is characteristic for the differential diagnosis of
BCOR rearranged sarcomas. Due to the rarity of these tumors there is no consensus or guidelines
regarding the optimal therapeutic algorithm, that clinicians should follow.

Patients and methods: Herein we have conducted a meta-analysis of the current reports dealing
with the therapeutic approach of BCOR rearranged sarcomas.

Results: Meta-analysis of the 57 eligible cases from 10 studies resulted to similar Incidence Rate Ratio
(IRR) and overall survival (OS) for patients who received Ewing protocols and non-Ewing oriented treat-
ment. Further similar death rate was reported for both strategies (non-Ewing 20% Vs Ewing 21.8%).
Conclusion: Our data support that non-Ewing treatment strategy can be considered a safe option,
being at least equal to Ewing protocols. The current study provides a hint toward the optimal thera-
peutic approach of BCOR rearranged sarcomas. Further, the present study challenges the use of the
term Ewing-like sarcomas, since the current literature supports that BCOR rearranged sarcomas deserve
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their own distinct classification in terms of genetics, pathology and therapy.

Introduction

BCOR rearranged sarcomas consist of a newly identified
group of mesenchymal tumors, characterized by genetic
alterations of BCOR gene [1]. Until recently, BCOR rearranged
sarcomas were classified as undifferentiated round cell
Ewing-like tumors or misclassified as Ewing sarcomas [2].

The detection of BCOR alterations such as BCOR-CCNB3,
BCOR-MAML3, ZC3H7B-BCOR fusion genes and BCOR internal
tandem duplication (ITD) is characteristic for the differential
diagnosis of BCOR rearranged sarcomas [2-9]. BCOR rear-
ranged sarcomas can arise both to bones and soft tissues [1].
Molecular pathology of these tumors is not crucial only for
their diagnosis, but also indicative for the underlying
molecular events driving the oncogenesis of this tumor
entity [10,11]. BCOR fusion genes and BCOR ITD are the lead-
ing causes of cyclinD1 up-regulation and high mitotic activity
[2,8,12].

Morphology and histopathology of BCOR rearranged sar-
comas is a matter of dilemma for pathologists, since round
cell sarcomas include Ewing sarcomas, BCOR sarcomas and
CIC-DUX4 sarcomas sharing many similarities [13]. Though, it
is clear that BCOR rearranged sarcomas have their own mor-
phological and histopathological characteristics which differ-
entiate them from the rest of round cell sarcomas [1,13].

Further, expression studies have shown that BCOR rear-
ranged sarcomas share a distinct expression profile which is
different from Ewing sarcomas [2,10].

The therapeutic approach of BCOR rearranged sarcomas is
not well defined. There is no consensus or guidelines regard-
ing the optimal therapeutic algorithm, highlighting the rarity
of these tumors [14-17]. We have conducted a meta-analysis
of the therapeutic strategy followed to every reported case
of BCOR rearranged sarcoma. Our aim is to identify whether
Ewing sarcoma treatment is superior to non-Ewing oriented
sarcoma treatment, as reported in the current literature.

Materials and methods

This study was conducted and reported in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement and the common practi-
ces in the field [18,19]. Eligible articles were identified by a
search of MEDLINE bibliographical database for the period of
1 January 2000 up to 1 September 2020. The search strategy
included the following keywords: BCOR AND (neoplasm OR
cancer OR sarcoma) AND (chemotherapy OR systemic ther-
apy OR management OR clinicopathologic OR molecular
OR clinical).
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Two investigators (PB and AK), working independently,
searched the literature and extracted data from each eligible
study. Eligible articles were reviewed for clinicopathological
data, treatment defined at least as Ewing or non-Ewing strat-
egy and survival data of patients, in order to be included to
the meta-analysis. Reviews, experts’ opinion, case reports,
prospective and retrospective studies were eligible for this
meta-analysis if reported the appropriate data.

Statistical analysis

Methods for meta-analysis of follow-up studies with constant
or varying durations, where initially applied [20]. Since indi-
vidual data could be extracted from the published reports,
an individual patients’ data (IPD) meta-analysis was per-
formed. For categorical variables, data are presented as per-
centages, whereas for continuous variables as means and
standard deviations (sd) [21]. To compare categorical varia-
bles, we used the Chi square test or Fisher's exact test where
appropriate. To compare continuous variables, the t-test with
unequal variances was used. Standard epidemiological meth-
ods comparing rates (Incidence Rate Ratio) were used.
Survival curves were plotted and time-to-event analyses
were estimated using the Kaplan—-Meier method; differences
between curves were analyzed using the log-rank test.
Unadjusted and adjusted hazard ratios (HR) with the respect-
ive 95% Cls were estimated using Cox regression analysis.
IRR and HR estimate the same population parameter, albeit
by making slightly different assumptions [22,23]. In some
cases, they are also referred to with the same name [24].
Moreover, the Poisson regression models with slightly differ-
ent specifications are used for the meta-analysis of HR and
IRR [20,25]. The Cox regression analysis examined the effect
on OS after adjustment for all potential prognostic parame-
ters at baseline. The following variables were considered in
the regression analysis as following: (1) age (years); (2)
advanced disease at diagnosis (stage IV = 1, non-metastatic
disease = 0); (3) sex (male = 1, female = 0); (4) tumor type
(soft tissue = 0, bone = 1). Statistical analyses were per-
formed using Stata version 13.1. Statistical significance was
defined as a p-value of less than .05 for all comparisons.

Results

Our search identified 259 records, all of which remained after
removing duplicate entries and excluding non-eligible
articles from title and abstract screening. After application of
our inclusion criteria by reviewing these potential articles in
full-text, 17 articles were included for qualitative analysis.
After searching the references of reviews and remaining
research articles, no additional studied were identified. Seven
articles were excluded due to lack of clinical or follow-up
data. Finally, 10 published articles were eligible for the meta-
analysis. The flowchart of the search and the selection of
articles are depicted in Figure 1.

In total 57 cases were included in our analysis from 10
studies [3,4,7,26-32] (Table 1). Characteristics of the patients
are summarized in Table 2. Only 2 of the included studies

reported data for more than 10 patients, and consequently 7
of the studies had one or both arms with zero events
(deaths). BCOR sarcomas were as expected more common to
males (47 cases, 82%) than in females (10 cases, 18%). The
median age at the time of diagnosis was 14years (range:
2-71). Eight patients (14%) were diagnosed with de novo
metastatic disease; while the majority (49 cases, 86%) had
localized disease without signs of metastasis. Soft tissue
tumors were 17 (30%), with bone tumors being the most
common site of occurrence reported in 40 cases (70%).
BCOR-CCNB3 fusion gene was identified to 49 patients (86%),
3 cases harbored ZC3H7B-BCOR fusion (5%), 2 cases pre-
sented with BCOR ITD (3.5%), while BCOR-MAML3, JAZFI-
BCOR and CIITA-BCOR were found to 1 patient (1.7%) respect-
ively. Ewing sarcoma therapeutic approach was performed to
32 patients (56%). On the other hand, 25 patients (44%)
received non-Ewing oriented treatment. The therapeutic
approach of the latter patients is described in Table 3. Six of
the de novo metastatic patients received Ewing sarcoma
treatment (75%). Non-Ewing sarcoma therapeutic approach
was administered to two patients with primary metastatic
disease (25%). Eight patients with localized disease were
treated solely with surgical excision of their tumor.

The application of summary-based methods for meta-ana-
lysis in such data is questionable. Applying the random
effects Poisson-based regression method (which is an IPD
method) resulted in non-significant estimates for the
Incidence Rate Ratio comparing the treatments (IRR= 1.827,
95% Cl: 0.502, 6.647). Taking into account the small sample
and the fact that heterogeneity was virtually zero (Q=1.29,
p-value =.936, I’=0), we decided to pool the data and treat
the sample as a single cohort.

In the combined cohort the IRR remained larger than one
(indicating higher risk for Ewing treatment) but still was far
from significance (IRR = 1.176, 95% Cl: 0.321, 4.700). Ewing
treatment when compared to non-Ewing treatment showed
similar survival (Figure 2). Seven deaths (21.8%) were
reported for the group of patients that received Ewing ori-
ented therapy, while 5 deaths (20%) occurred to the group
of patients who received non-Ewing oriented therapy. The
log-rank test yielded a non-significant p-value of .735 for the
comparison of the survivor functions. As expected, the Cox
proportional hazards model yielded similar results (HR =
1.219, 95% Cl: 0.284, 3.870, p=.736). These remained
unaltered even after adjusting for de novo metastatic cases.
Sex, age, the site of primary tumor (bone or soft tissue), as
well as the type of BCOR fusion, similarly did not influence
the result of treatment option to BCOR sarcoma patients
(data not shown, in all cases p>.05 was used in the multi-
variable Cox model and in a stepwise selection procedure).
Other variables such as tumor size and mitotic count could
not be evaluated, due to lack of data in the majority of
included studies.

Discussion

BCOR rearranged sarcomas are rare tumors with specific mor-
phological and immunohistochemical characteristics, unique
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Figure 1. Schematic presentation of research strategy according to PRISMA guidelines.
Table 1. Main characteristics of the included studies.
Study Year Country Patients Ewing protocol patients Non-Ewing protocol patients
Kao et al. [7] 2017 USA 21 11 10
Yoshida et al. [23] 2020 Japan 7 2 5
Puls et al. [3] 2014 USA 10 8 2
Peters et al. [22] 2014 USA 5 1 4
Kyriazoglou et al. [28] 2020 Greece 5 4 1
Shibayama et al. [24] 2015 Japan 3 3 0
Specht et al. [4] 2016 Germany-USA 2 1 1
Mansor et al. [25] 2018 Singapore 1 0 1
Han et al. [26] 2019 USA 2 2 0
Muthukumarana et al. [27] 2020 USA 1 0 1
Total 57 32 25

genetics and distinct expression pattern [1,2,8,10]. However,
due to their morphological similarities with Ewing sarcomas,
they are still classified as Ewing-like tumors [2]. Furthermore,
the majority of the reported cases of BCOR rearranged sarco-
mas come from retrospective studies to which either they
were misdiagnosed or were characterized under the wide
term of undifferentiated round cell sarcomas (Table 2).
Subsequently, a large percentage of cases were treated as
Ewing sarcomas, while many cases received a different type
of treatment (Table 2). This discrepancy depicts the impact

of correct diagnosis to the appropriate treatment options in
sarcomas [33]. Obviously, since BCOR rearranged sarcomas
are recently identified, there are not guidelines or consensus
regarding the therapeutic strategy of these tumors [14-17].
The goal of the current study was to evaluate the optimal
treatment options based on the reported cases of the litera-
ture. The death rate of 20% for non-Ewing oriented protocols
and 21.8% for Ewing oriented protocols validates the more
favorable prognosis of BCOR rearranged sarcomas compared
to Ewing sarcomas. Meta-analysis of the 57 eligible cases
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Table 2. Clinicopathological parameters of the BCOR rearranged sarcoma patients.

All Ewing treatment Non Ewing treatment
Number of patients 57 32 (56%) 25 (46%)
Age in years (range) 14 (2-71) 15.2 (2-47) 25 (2-71)
Sex
Male 47 (82%) 28 (87.5%) 19 (76.0%)
Female 10 (18%) 4 (12.5%) 6 (24%)
Tumor primary
Soft tissue 17 (30%) 8 (25%) 9 (36%)
Bone 40 (70%) 24 (75%) 16 (64%)
Stage at diagnosis
Non metastatic 49 (86%) 26 (81%) 23 (92%)
Metastatic 8 (14%) 6 (19%) 2 (8%)
Genetics
BCOR-CCNB3 49 (86%) 31(97%) 18 (72%)
BCOR ITD or BCOR other fusions® 8 (14%) 1 (3%) 7 (28%)
®BCOR other fusions include BCOR-MAML3, ZC3H7B-BCOR, JAZF1-BCOR, CIITA-BCOR.
Table 3. Summary of cases treated with non-Ewing oriented protocols.
Reference case Treatment Chemotherapy
Yoshida et al. [23] Surgery No
Yoshida et al. [23] Surgery, RT No
Yoshida et al. [23] Surgery, RT No
Yoshida et al. [23] Surgery No
Yoshida et al. [23] Chemo Doxorubicin
Kao et al. [7] Surgery, Chemo Osteosarcoma neoadjuvant chemotherapy regimen
Kao et al. [7] Surgery, Chemo Methotrexate, cisplatin
Kao et al. [7] Surgery, Chemo Doxorubicin, ifosfamide
Kao et al. [7] Surgery, Chemo Doxorubicin, ifosfamide
Kao et al. [7] Surgery, Chemo Epirubicin, cyclophosphamide, nedaplastin
Kao et al. [7] Surgery, Chemo Ifosfamide, cisplatin
Kao et al. [7] Surgery No
Kao et al. [7] Surgery No
Kao et al. [7] Surgery No
Kao et al. [7] Surgery No
Puls et al. [3] Surgery, Chemo, RT Doxorubicin, ifosfamide, methotrexate
Puls et al. [3] Surgery, Chemo, RT Doxorubicin
Peters et al. [22] biopsy-Chemo Doxorubicin, ifosfamide
Surgery No

[
Peters et al. [22]
Peters et al. [22]
Peters et al. [22]
Kyriazoglou et al. [28]

Biopsy, Chemo
Surgery, Chemo

Specht et al. [4] Chemo, RT
Mansor et al. [25] Surgery, Chemo
Muthukumarana et al. [27] Surgery

Surgery (subtotal excision), Chemo

Doxorubicin, ifosfamide

Vincristine, actinomycin-d, cyclophosphamide
Vincristine, actinomycin-d, cyclophosphamide
Vincristine, doxorubicin, cyclophosphamide
Doxorubicin

No
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Figure 2. OS of patients with non-Ewing oriented regimens with bold line and
Ewing treatment with intermittent line.

from 10 studies resulted to similar IRR and OS for patients
who received Ewing protocols and non-Ewing oriented treat-
ment. This conclusion is not only supported by the observa-
tion that chemotherapy with doxorubicin based regimens
were administered with long survival outcomes, but also by
the fact that many patients benefited only by surgical exci-
sion of the tumor (Figure 2). Even though our meta-analysis
included only 8 de novo metastatic patients, this result
remained even after adjusting for metastatic disease status.
The current meta-analysis is opposed to the conclusion of
Cohen-Gogo et al., who retrospectively studied 26 BCOR-
CCNB3 cases [34]. The clinicopathological data of these cases
were not adequately reported and unfortunately they were
not included in our meta-analysis. It should be highlighted
that the latter study included only patients with BCOR-CCNB3
alteration, while our meta-analysis included patients harbor-
ing any type of BCOR fusion gene or BCOR ITD (Table 1).



Moreover, our analysis showed no significant differences
when comparing BCOR-CCNB3 to the other types of BCOR
alterations or treating each type separately.

Pierron et al.,, in the very first report of BCOR-CCNB3 sar-
comas reported that gene profiling and single nucleotide
polymorphism (SNP) array analyses show a different pattern
from Ewing sarcomas [2]. Watson et al., in their study have
performed RNA sequencing showing that BCOR rearranged
sarcomas’ expression pattern creates a cluster distinct from
the rest small round cell sarcomas [10]. This cluster included
BCOR-CCNB3 cases, BCOR ITD, BCOR-MAML3 and ZC3H7B-
BCOR implying a common transcriptome driven by the
underlying molecular events of BCOR rearrangements [10].
These results were further commented on a principal basis
combining both biological and clinical data by Diaz-Martin
et al[11]. Authors raised the discrepancy of lack of a cell of
origin for undifferentiated small round cell sarcomas and
additionally the fact that the majority of fusion genes in sar-
comas are transcriptional factors highlighting the necessity
to study and fully understand the consequences of down-
stream signaling [11]. The exact mechanism by which BCOR
alterations induce mitosis and cell increase is not yet fully
elucidated [2,8,12,35,36]. However, the distinct morphology
and immunohistochemistry, in combination with the unique
genetics and expression pattern and additionally the differ-
ent biologic disease behavior of BCOR rearranged sarcomas
support the classification as a separate group of
tumors [1,2,10].

Our data even though they come from a small amount of
cases; support that non-Ewing sarcoma protocols could be
considered a safe option for BCOR rearranged sarcomas.
Chemotherapy with doxorubicin based regimens provides
similar OS results with Ewing protocols and can be safely
administered (Figure 2). Further, we are intrigued to high-
light that the therapeutic strategy of localized cases of soft
tissue tumors may include solely local excision, as it is indi-
cated from the reports analyzed (4 cases with no evidence of
disease, 2 cases alive with disease, 1 patient dead from other
causes, 1 patient dead of the disease after 33 months). The
current meta-analysis raises the question whether the term
Ewing-like sarcomas is misleading, at least regarding the
treatment approach of this tumor entity.

Of course, the present study has limitations. The current
meta-analysis included retrospectively reported cases.
Meaningful information was often not reported in the
included case reports and as a result, even though we eval-
uated all the available covariates, some additional informa-
tion may be missing. Pooled analysis was conducted mainly
exploratorily, since it was based on patients with question-
able comparability (age, sex and so on), stemming from vari-
ous institutions globally, but this is unavoidable since we are
dealing with a rare condition. We had to exclude 7 articles
due to lack of therapeutic and clinical data for each case,
thus decreasing the statistical power of our analysis. Perhaps,
a combined collaborative effort that will pool properly all the
available cases in an IPD meta-analysis would prove
more powerful.
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Our observations indicate that BCOR rearranged sarcomas
deserve their own specific therapeutic approach. A prospect-
ive clinical trial studying the administration of Ewing proto-
cols to non-Ewing treatment strategy will ideally define the
optimal therapeutic option for these tumors. Moreover, we
highlight the fact that BCOR rearranged sarcomas have been
adequately introduced to the sarcoma community (basic sci-
entists and clinicians), thus deserving theirindependence
from Ewing sarcomas and the rest of the undifferentiated
round cell sarcomas by limiting the use of the term Ewing-
like sarcomas.
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