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Abstract

Background: The diagnosis of Ewing sarcoma (ES) is challenging in the absence of tumour specific t (11;22), especial-
ly if there are overlapping morphological and immunohistochemical features. Knowledge of variant translocations and
additional chromosomal abnormalities helps in diagnosis and prognostication. The present study provides an overview
of the cytogenetic abnormalities associated with ES to construct a classification model for cytogenetic work up of the
disease.

Materials & Methods: The retrospective exploratory study considered clinical data procured from patient files related
to ES diagnosis between January 2007 and December 2018.

Results: Two hundred diagnostically confirmed cases of ES were cytogenetically categorized into classical, non-classi-
cal and miscellaneous groups, based on the rearrangement of 22q12 in metaphases. The classical group comprised125
patients with specific t (11;22). The main focus of the study was on non-classical group having variant translocations
(24 patients) or derivative chromosome (22q12) as sole abnormality (15 cases) in metaphases. The diagnosis in this
group was concluded after corroborating the cytogenetic findings through other diagnostic tests. The miscellaneous
group included patients with normal karyotype (eight cases), one case of t(1;16) as sole abnormality and those having
polyploid metaphases (27 cases) with marker chromosomes. Clinical significance of variant translocations, ploidy sta-
tus and numerical abnormalities has been discussed.

Conclusion: The overall frequency of variant translocation in ES is 12%. Chromosome 12 has been identified as the
second most legitimate partner of chromosome 22q12. Additional numerical abnormalities associated with variant
translocations did not differ significantly from that of classical translocations. Further investigations are warranted to
identify the putative genes of new variant translocations, which may assist in better understanding the pathogenesis of
ES and to define therapeutic molecular targets.
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Introduction

Ewing Sarcoma (ES) is the most common bone tumour in chil-
dren and the third most common primary malignant tumour in
adultst™?. It is the first sarcoma to be defined by a specific chro-
mosomal translocation. Due to considerable overlap in clinical
and histomorphological features of ES with other small round
cell tumours, cytogenetics and molecular techniques have been
proven to be indispensable diagnostic tools®*!,

Approximately 90% of ESs are characterized by t(11;22)
(924;q12) resulting in tumour-specific chimeric EWSR1-FLI1
fusion gene encoding for an oncogenic transcription factort”8,
Variant translocations occur in less than 10%, in which EWSR1
gene on 22ql2 fuses with genes on chromosomes other than
11147 The progression and aggressive nature of the disease can
be related to secondary chromosomal abnormalities such as tri-
somy 8, trisomy 12 and t(1;16)P 1.

Cytogenetics and molecular techniques have contribut-
ed significantly to the characterization of malignant neoplasms.
There is paucity of literature evidence on variant translocations
in ES, and most of them are associated with extra-osseous pre-
sentation. Cytogenetics serves both as a diagnostic technique
and a valuable prognostic indicator. It evades the need of bi-
opsy for histopathology and immunohistochemistry (IHC), as it
involves the collection of fine needle aspiration (FNA) sample
through a minimally invasive procedure. The present is intend-
ed to provide a comprehensive overview of chromosomal ab-
normalities related to ES, with review of literature emphasizing
variant translocations.

Subjects and Methods

The retrospective exploratory study considered diagnostically
confirmed 335 cases of Ewing’s sarcoma referred from the de-
partments of Pediatric Oncology, Medical Oncology and Surgi-
cal Oncology between January 2007 and December 2018. Clin-
ical data were procured from patient files. FNA samples were
obtained according to standard medical procedure and the cells
were suspended in RPMI-1640 medium, supplemented with
15% qualified, heat-inactivated fetal bovine serum (GIBCO).
Eighteen-hour overnight culture was constituted by incubating
the cell suspension in culture medium at 37°C. This was fol-
lowed by mitotic arrest with Karyomax-Colcemid in 0.05 pg/ml
concentration and incubation of the cultured sample at 37°C for
30 minutes. Cells were subjected to hypotonic treatment with po-
tassium chloride (0.075M) and incubation of sample for another
30 minutes at 37°C. This was followed by fixation in Cornoy’s
fixative solution (methanol and acetic acid in 3:1 concentration)
and GTG-banding of the prepared slides. Chromosomal analy-
sis and complete karyotyping were done in accordance with the
International System for Human Cytogenomic Nomenclature
(2005-2016) guidelines.

Statistical analysis

Descriptive statistical analyses (frequencies and means) were
carried out for baseline clinical and cytogenetic parameters.
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Results

Culturing was successful in 200 out of 335 cases (59.7%). The
selected cases were cytogenetically categorized into classical,
non-classical and miscellaneous groups based on the rearrange-
ment of chromosome 22q12 in metaphases (Table 1). In the
classical group comprising of 125 patients, the diagnosis of ES
was concluded on the basis of t(11;22)(q24;q12). The non-clas-
sical group was subdivided into: i) simple variant translocations
(V;22q12) (12 cases; 6%), wherein 22q12 translocated with a
different chromosome other than 11; ii) complex variant translo-
cations (V;11;22q12) (12 cases; 6%) characterized by transloca-
tion of 22q12 with a third chromosome along with chromosome
11 (Fig.1). iii) and der (22)t(?;22)(?;q12) translocation as a sole
abnormality(15 patients; 7.5%). In the non-classical group with
variant translocations, the diagnosis was confirmed by morphol-
ogy, IHC and fluorescent in situ hybridization (FISH). FISH di-
agnosis of ES was rendered based on the typical signal pattern
using break apart probe for EWSR1 gene (Fig.2). The miscel-
laneous group was defined by the presence of normal chromo-
some 22 in metaphases. It included normal karyotype (eight
cases; 4%), polyploid metaphases with marker chromosomes
(27 cases; 13.5%), and one case with der(16)t(1;16)(q23;p13)
translocation as a sole abnormality. In the miscellaneous group,
the diagnosis was concluded mainly based on morphology, IHC
and FISH.

Figure 1:

Figure 2:
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Table 1: Cytogenetic Categorization of Ewing Sarcoma based on Chro-
mosomal Abnormalities

Classical | Non-Classical group of | Miscellaneous Group (Nor-

group of | ES mal Chromosome 22 in
ES with tu- | 1. Simple Variant Trans- | metaphases)

mor specif- | location t(V;22) 1. Normal Karyotype
ict(11;22) | 2. Complex Variant | 2. t(1;16)

Translocation t(V;11;22)
3. der(22)1(?;22)(?;q12)

ES: Ewing sarcoma. V: Variant Chromosome involved in Variant
Translocation

3. Polyploid metaphases
with marker chromosomes

The overall frequency of additional numerical and
structural abnormalities noted was 47% (94/200). Whole chro-
mosome gains were more common than losses (Fig.3). Around
62% (78/125) of the ES cases with classical translocation had
additional numerical abnormalities. The most common translo-
cations noted were trisomies of chromosomes 8 and 12, followed
by trisomies of 5, 2 and 14. The frequency of additional struc-
tural abnormalities in ES with classical translocation was 36%
(45/125). Most common among these were t(1;16) and structural
abnormalities of chromosome 1. Nearly 67% (16/24 cases) of
the ES with variant translocations had additional chromosomal
abnormalities (Tables 2 & 3). The commonly noted abnormali-
ties were trisomy 8and 7, followed by trisomies of 4 and 12. Ad-
ditional structural abnormalities were diverse. The ploidy status
was assessed in all patients. Forty-five percentage (56/125) of
ES with classical translocation had hyperdiploidy, while it was
observed in 67% (16/24) of ES with variant translocations.

Frequency of Numerical Abberations Observed
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Table 2: ES with Simple Variant Translocation (V;12)

Variant Chromo-

somes & their karyotype Age Sex

breakpoints

12q12 46,XX,1(12;22)(q12;q12) 4yrs F

12q13 46,XX,1(12;22)(q13;q12) 13yrs | M

12p13 46,XY,1(12;22)(p13;q12) 2lyrs | M

1224 47,XY,1(12;22)(q24;q12),tmar | 22yrs | M

12q24 57,X,+1,+6,+7,18, 12yrs | M
+8,+9,+11,t(12;22)
(924;922),+20,+20,+20,+20

12q24 48,XY,+4,1(6;7) 22yrs | M
(q11;q11),+8,t(12;22)
(q24;912),-16,+22

21q22 47,XY,+3,del(6)(q24),t(21;22) Syrs M
(922:q11)

21q22 47,XX,+X,-10,t(21;21;22) Tyrs F
(922;922;q12),+mar

20q13 47,XX,+19,(20;22)(q13;q12) 26yrs | F

17p13 47, XX,t(17;22)(p13;q12),+mar | Syrs F

4q35 46,XX,t%(4;22)(q35;q12) 12yrs | F

22ql12 51,XY,+4,+7,+8,49,421,1(22;22) | 18yrs | M
(q13;912)

The frequency of ES, according to age and gender,
are depicted in figure 4. The corresponding percentages of af-
fected males and females were 58% (194/335 cases) and 42%
(141/335 cases), and the respective median age of occurrence
noted werel5 and 16 years. Details of tumour site were available
for 108 patients and the most common site of involvement was
skeletal. It included bones of lower extremities (28/108), pel-
vis (26/108), ribs (15/108), upper extremities (10/108), scapula
(8/108), clavicle (3/108), and three mandibular, three spinal, two
nasal and one skull lesions. Extra skeletal involvement included
soft tissues of chest wall, scalp, thigh, arm, mediastinum, retro-
peritoneum, kidney and pancreas.

Discussion

EWS-ETS chromosome rearrangements are seen in bone and
soft tissue tumourssuch as Ewing sarcoma, neuro epithelioma,
peripheral primitive neuroectodermal tumour (pPNET) and
Askin tumour.ES is categorized as small round cell tumour!'
and can be differentiated from other small round tumour cells by
the recognition of non-random t(11;22)(q24;q12) chromosome
rearrangement!'®. The EWSR1 with FLI1 or ERG fusions are
well demonstrated, whereas the FUS-ERG fusions are very rare.
It is highly challenging to diagnose ES with EWSR1 FISH as-
say alone since EWSRI rearrangement may be seen in many
other tumors such as desmoplastic small round cell tumor, clear
cell sarcoma and myxoid liposarcoma. Additional tests such as
ERG FISH or RT-PCR/ next generation sequencing should be
employed for more result-oriented diagnosis!'¥. However, un-
like FISH or RT-PCR, cytogenetics provides global assessment
of chromosomal abnormalities without the need for prior knowl-
edge of histological diagnosis. In addition to primary abnormal-
ity, secondary chromosomal changes can be detected which pos-
sibly have role in clinical course of the disease.
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TET-ETS translocations result in large number of on-
cological gene rearrangements and EWS protein plays a major
role in ES. ETS consists of many homogenous proteins involved
in various translocation process. Some of the identified genes
and proteins belonging to the PEA3 subfamily are ETV1, ETV4
and ETVS5 proteins. The translocations affecting ETV1 or ETV4
in Ewing tumours are the causes for carcinogenesis. Similarly,
translocations involving ETV1, ETV4 and ETVS5 are responsi-
ble for prostate cancer. Protein fusions are useful for the char-
acterization or identification of the type and origin of sarcomas.
Ewing tumour translocations mainly involve FLI1, ERG, FEV,
ETV1 or ETV4 genes and rarely EWS-ETS fusions!'®. There are
studies on impairing the growth of ES tumours by controlling
the upregulation processt'®l.

The current study portrays a catalogue of chromosomal
abnormalities in ES and summarizes findings of systematic anal-
ysis of these abnormalities with clinical correlation and in-depth
review of literature. Clinical evaluation revealed that males
were more frequently affected than females (57.9% vs. 42% re-
spectively) and the peak incidence of the disease was in the age
group of 11-15 years. These findings were in concordance with
other studies®?. ES occurs in all the age groups from infants to
elderly, though majority are seen in < 20 years of agel*. In the
present study, 78% (261/335) the subjects had age < 20years.
The current study noted decline in the incidence of the disease
with advancing age. Only 12 patients (4%) were > 40 years of
age. Extra skeletal lesions and metastatic disease are more com-
mon in older patients having poor survival rate!'”). Detailed clin-
ical information was available for five patients of > 40years of
age, and two of them had extra-skeletal ES and stage IV disease
at diagnosis.

The most common site of involvement noted in the
current study was skeletal, comprising of bones of lower ex-
tremities, pelvis, flat bones of chest, upper extremities, scapula,
clavicle, and bones of head and neck in the decreasing order of
frequency. Three mandibular, two nasal and one skull lesions
were found. ES of head and neck is rare and is associated with
improved prognosis due to smaller size of the tumour and ear-
lier detection. Extra-osseous ES may occur in the soft tissues
or visceral organs. Fifteen patients in the present study had ex-
tra-skeletal lesions, most commonly arising in soft tissues, and
six of them had metastatic presentation. Most reported variant
translocations of ES in literature were from extraskeletal sites.
Except one mediastinal lesion with simple variant t(21;22), all
extra-osseous lesions had classical t(11;22) and four of them
were accompanied by additional numerical abnormalities. Two
paediatric patients had ES of kidney and one of them had stage
IV disease at the time of diagnosis. One patient with pancreatic
lesion had hyper diploid karyotype with trisomies of chromo-
somes 3, 8 and 7, in addition to translocation t(11;22). Visceral
ES is very rare, with only few reported cases of renal and pan-
creatic disease till date.
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Table 3: ES with Complex Variant Translocation (V;11;22)

The third chro-

mosome& the- | Karyotype Age | Sex

breakpoints

1p22, 14ql1 47,XY,t(1;11;14;22) 8yrs | M
(p22;q24;q11;q12),+4,+8,-13.-
14,+mar

1p32 53,XX,t(1;11;22) 25yrs | F
(p32;924;q12),+del(1)
(p32),+2,+8,+12,+20,+21

1921 79,XY,<3n>,+X, +Y,-1,-1, Tyrs | M
t(1;11;22)(q21;q24;q12)x2,+2,-8,
-13,+14,+2mar

1g31 48,XY,t(1;11;22) 3yrs | M
(q31;q924;q12),+2mar

2pl13 46,XX,1(2;11;22)(p13;q24;q12) 14yrs | F

5q31 50,XX,del(1)(p22) 18yrs | F
x2,+5,+7,1(5;11;22)
(q31;924;q12),+12,+mar

9p12, 12q24 46,XX,1(9;11;12;22) l4yrs | M
(p12:924;924;q12),add(9)(q34)

9q34 46,XY,1(9;11;22)(q34;924:q12) 29yrs | M

A\ 50,XY,+8,t(V;11;22) 6yrs | M
(7;924;q12),+13,+2mar

13q14 49,XY,+5,+8,t(11;13;22)(q24;q14 | 18yrs | M
;q12),-14,-15,-16,+18,+20,+2 mar

v 49,XY,del(7)(q22),+8,add(9) 45yrs | M
(p23),t(11;V;22)(q24;?;q12),+2mar

\% 46,XX,t(11;V;22)(q24;7;q12) 26yrs | F

V: refers to unidentified Variant chromosome. ?: refers to uncertain
breakpoint

The success rate (59.7%) noted in the current study
in achieving adequate chromosome preparation by cytogenetic
technique was in par with other studies®. The translocation
t(11;22)(q24;q12) is highly specific for EFT (Ewing Family Tu-
mors), since it has been ruled out by different genetic and mo-
lecular methods in different morphologically identical tumours
such as neuroblastomas, giant cell tumours and rhabdomyo
sarcomal®”, The study demonstrated t(11;22) in 62.5% of pa-
tients by conventional cytogenetics. Overall incidence of variant
translocations noted was 12%. Provisional diagnosis of ES was
made in case of der(16)t(1;16)(q23;p13) as a sole abnormality.
t(1;16) is the second most common non-random translocation
found in ESP! and it serves as a potential surrogate marker for
the disease diagnosis, in the absence of chromosome 22q12 re-
arrangement on cytogenetics. Normal karyotype and polyploid
metaphases with marker chromosomes represent cryptic 22q12
(EWSRI gene) rearrangement, which has been proven only in
the recent years by IHC and FISH.

Myriad of variant translocations in ES result in the fu-
sion of either EWSR1 gene on 22q12 or homologous FUS gene
on 16p11with ETS or non-ETS family of transcription factors{®*.
About 30 genes are present in ETS family of transcription fac-
tors including FLI1 on 1124 and other genes that take part in
variant translocations such as ERG on 21q22, ETV1 on 7p22,
FEV on 2q33 and ETV4 on 17q12[2,3]. EWSRI gene fusion
with non-ETS family of genes, such as NFATc2 on 20q13, SP3
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on 2q31 and SMARCAS on 4q31, may occur in a subset of un-
differentiated round cell tumours with ES-like morphology!®”.
There are anecdotal reports of variant translocations in
the literature. In the current study, 12 (6%) cases of ES had sim-
ple variant translocations. Chromosome 21 has been document-
ed in the literature as the most common chromosome involved in
variant translocations!”?!1, In contrast, the present study showed
chromosome 12 with varying break points as the second most
common translocation partner of 22q12. Involvement of 12q24
was observed in four cases. This breakpoint is implicated in
the pathogenesis of many cancers. 12q13 was involved in two
patients in the current study and one of them had aggressive
disease with the development of paraplegia. t(12;22)(q13;q12)
with different fusion genes have been identified in many soft
tissue sarcomas!®. The researchers observed t(12;22)(p13;q12)
in a 13-year-old boy with a locally advanced disease in sacral
region. t(12;22)(p13;q12) has been documented very rarely in
ESU®. The putative genes noted at different breakpoints of chro-
mosome 12 in variant translocations require further exploration.

Desmaze C et al.(1997) and Maire G et al.(2008) have
demonstrated rearrangement of 21q22 in non-specific and cryp-
tic complex translocations®!. t(21;22)(q22;q12) is considered as
the most common variant translocation, resulting in EWS-ERG
fusion genet®’?!'23, The present study reported two cases of vari-
ant translocation with Ch 21g22 involvement: one simple vari-
ant t(21;22) with mediastinal lesion and another unique complex
variant translocation with complex rearrangement of both copies
of chromosome 21 having normal chromosome 11. It has been
presumed that this might involve dual copies of ERG gene influ-
encing the biology and clinical nature of the disease. However,
this needs further confirmation through molecular workup and
close clinical follow-up.

Chromosome 4 has been implicated in a subset of
primitive round cell sarcomas with overlapping features of
Ewing’s (Ewing-like) sarcomal®*l. Some examples are t(4;19)
(935;q13) with CIC-DUX4 fusion and t(4;22)(q31;q12) with
EWSR1-SMARCAS5 fusion®*, DUX4 at 4q35 could be the
pathogenic partner gene in the current case of ES with t(4;22)
(q35;q12), due to involvement of similar breakpoint on chromo-
some 4 in Ewing-like tumours.

t(20;22)(q13;q12) reported in this study, is another rare
example of simple variant translocation, wherein EWSR1 gene
couples with non-ETS family of genes such as NFATc2?, The
present study has reported the first case of anl8- year-old boy
with t(22;22)(q13;q12), accompanied by additional numerical
abnormalities.

Complex variant translocation involving a third chro-
mosome, in addition to chromosomes 11 and 22, is a rare en-
tity and very few cases are reported to date. The current study
identified 12 such cases. Though the third partner chromosome
and their breakpoints were varied, chromosome 1 appeared to be
the most consistent one (41.6%; 5/12cases). Distant metastatic
presentation is the most unfavourable prognostic factor in ES.
Four patients with disseminated disease at diagnosis had com-
plex variant translocations.

With regard to additional numerical abnormalities in
ES, trisomy 8 and 12 were identified as the most frequent ab-
normalities [Fig. 3 and Table 2]. This is in concurrence with
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the previous literature findings®!'”'®l, Frequency and trend of
numerical abnormalities did not differ significantly between
classical and non-classical groups. Among secondary structural
abnormalities, chromosomes 1 and 16 were frequently involved.
Polyploidy predicts progressive disease!'), which was more fre-
quently observed in non-classical group than in classical group.
Five patients had disseminated disease at diagnosis and one with
localized disease at presentation developed distant metastasis
and died in three months.

Although we have successfully discovered may vari-
ant translocations and secondary chromosomal changes, specific
gene partners could not be identified due to technical limitations
of cytogenetics. Diagnosis of ES can be improvised by applica-
tion of RT-PCR (Reverse Transcriptase Polymerase Chain Re-
action), which is able to detect fusion transcripts even in small
tumor samples. Gene expression arrays have discovered novel
genetic markers that can potentially detect subclinical disease
in histologically negative metastatic ES and thereby help in risk
assessment!*),

Conclusion

The current study highlights the importance of conventional cy-
togenetics in the diagnosis and prognosis of ES. The proposed
cytogenetic classification model may serve as a template for in-
vestigation of ES for diagnosticians and researchers, especially
in centres with limited resources for molecular tests. The major
inferences from the current study are the following: i) The fre-
quency of variant translocations noted was 12% ii) Presence of
variant translocation did not favour extra-skeletal origin iii) Sig-
nificant correlation was noted between variant translocations/
additional abnormalities and metastatic presentation iv) Chro-
mosome 12 emerged as the second most legitimate partner with
12q24 being the most common breakpoint v) New translocation
partners have been discovered, which require genetic explora-
tion for better understanding the ES pathogenesis and to define
therapeutic molecular targets.

Acknowledgement: We express our deepest gratitude to tech-
nical staff, Cytogenetics Unit, Deparment of Pathology, Kidwai
Memorial Institute of Oncology, Bengaluru, India.

Departments of Medical and Pediatric Oncology, Kidwai Me-
morial Institute of Oncology, Bengaluru, India.

References

1. Baruffi, M.R,, Engel, E.E., Squire, J.A., et al. Chromosomal imbal-
ances detected in primary bone tumors by comparative genomic
hybridization and interphase fluorescence in situ hybridization.
(2003) Genet Mol Biol 26(2):107-113.

PubMed | CrossRcl‘l Others

2. Priya, D., Kumar, R.V., Appaji, L., et al. Histological diversity and
clinical characteristics of Ewing sarcoma family of tumors in chil-
dren: A series from a tertiary care center in South India. (2015)
Indian J Cancer 52(3): 331-335.

PubMed | CrossRcfl Others

3. Unni, K.K., Inwards, C.Y., Bridge, J.A., et al. Ewing Sarcoma. In:
AFIP Atlas of Tumor Pathology: Tumors of the Bones and Joints.
Series IV, Washington, DC: APR Press; 2005.

page no: 17


http://dx.doi.org/10.1590/S1415-47572003000200001
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1415-47572003000200001
https://www.ncbi.nlm.nih.gov/pubmed/26905130
https://doi.org/10.4103/0019-509X.176700
http://www.indianjcancer.com/article.asp?issn=0019-509X;year=2015;volume=52;issue=3;spage=331;epage=335;aulast=Priya

Citation: Shanthala S et al. Cytogenetic Exploration of Ewing Sarcoma with Emphasis on Variant Translocations: A 12-Year Study at a Regional
Cancer Centre in South Asia. (2019) Intl J Cancer Oncol 6(1): 13-18.

10.

I1.

12.

13.

14.

15.

16.

17.

PubMed | CrossRef | Others

Iwamoto, Y. Diagnosis and Treatment of Ewing’s Sarcoma. (2007)
Jpn J Clin Oncol 37(2):79-89.

PubMed | CrossRef| Others

Nemri, S.N., Valere D’sa, B.F., Fatima, S., et al. Extraskeletal
Ewing sarcoma at rare sites with review of literature. (2017) Ann
Pathol Lab Med 4(1): 9-13.

PubMed | CrossRef | Others

Bridge, J.A. The role of cytogenetics and molecular diagnostics in
the diagnosis of soft-tissue tumors. (2014) Mod Pathol 27(Suppl
1): 580-597.

PubMed | CrossRcfl Others

Mackintosh, C., Gurpide, J.M., Ordonez, J.L., et al. The molecular
pathogenesis of Ewing sarcoma. (2010) Cancer Biol Ther 9(9):
655-667.

PubMed | CrossRef | Others

Udaykumar, A.M., Sundareshan, T.S., Goud, T.M., et al. Cytoge-
netic characterization of Ewing tumors using fine needle aspiration
samples- A 10year experience and review of the literature. (2001)
Cancer Genet Cytogenet 127(1): 42-48.

PubMed | CrossRcfl Others

Hattinger, C.M., Potschger, U., Tarkkanen, M., et al. Prognostic
impact of chromosomal aberrations in Ewing tumours. (2002) Br J
Cancer 86(11): 1763-1769.

PubMed | CrossRef | Others

Douglass, E.C., Rowe, S.T., Valentine, M., et al. A second non-
random translocation, der(16)t(1;16)(q21;q13), in Ewing sarcoma
and peripheral neuroectodermal tumor. (1990) Cytogenet Cell
Genet 53(2-3): 87-90.

PubMed | CrossRcfl Others

Zielenska, M., Zhang, Z.M., Ng, K., et al. Acquisition of second-
ary structural chromosomal changes in pediatric Ewing sarcoma is
a probable prognostic factor for tumor response and clinical out-
come. (2000) Cancer 91(11): 2156-2164.

PubMed | CrossRef | Others

Sharma, S., Kamala, R., Nair, D, et al. Round Cell Tumors: Clas-
sification and Immunohistochemistry. (2017) Indian J Med Paedi-
atr Oncol 38(3): 349-353.

PubMed | CrossRef | Others

Burchill, S.A. Ewing’s sarcoma: diagnostic, prognostic, and ther-
apeutic implications of molecular abnormalities. (2003) J Clin
Pathol 56(2): 96-102.

PubMed | CrossRef | Others

Chen, S., Deniz, K., Sung, Y-S., et al. Ewing Sarcoma With ERG
Gene Rearrangements: A Molecular Study Focusing on the Prev-
alence of FUS-ERG and Common Pitfalls in Detecting EWSR1-
ERG Fusions by FISH. (2016) Genes Chromosomes Cancer 55(4):
340-349.

PubMed | CrossRefl Others

Staege, M.S., Max, D. Genetics and Epigenetics of the TET-ETS
Translocation Network. (2009) Genet Epigenet 2:GEG.S2815.
PubMed | CrossRefl Others

Oh, S., Shin, S., Janknecht, R. ETV1, 4 and 5: An Oncogenic Sub-
family of ETS Transcription Factors. (2012) Biochim Biophys
Acta 1826(1): 1-12.

PubMed | CrossRef| Others

Hattinger, C.M., Rumpler, S., Ambros, .M., et al. Demonstration
of the translocation der(16)t(1;16)(q12;q11.2) in interphase nuclei
of Ewing tumors. Genes Chromosomes. (1996) Cancer 17(3): 141-
150.

www.ommegaonline.org

18.

19.

20.

21.

22.

23.

24.

25.

PubMed | CrossRef| Others

Hattinger, C.M., Rumpler, S., Strehl, S., et al. Prognostic impact
of deletions at 1p36 and numerical aberrations in Ewing tumors.
(1999) Genes Chromosomes Cancer 24(3): 243-254.

PubMed | CrossRef| Others

Karski, E.E., Matthay, K.K., Neuhaus, J.M., et al. Characteristics
and Outcomes of Patients with Ewing Sarcoma Over 40 Years of
Age at Diagnosis. (2013) Cancer Epidemiol 37(1): 29-33.
PubMed | CrossRef| Others

Angel, J.R., Alfred, A., Sakhuja, A., et al. Ewing sarcoma of the
kidney. (2010) Int J Clin Oncol 15(3): 314-318.

PubMed | CrossRef | Others

Desmaze, C., Brizard, F., Turc-Carel, C., al. Multiple chromosom-
al mechanisms generate an EWS/FLI or an EWS/ERG fusion gene
in Ewing tumors. (1997) Cancer Genet Cytogenet 97(1):12-19.
PubMed | CrossRef| Others

Kinkor, Z., Vanecek, T., Svajdler, M. Jr., et al. Where does Ewing
sarcoma end and begin- two cases of unusual bone tumors with
t(20;22)(EWSR1-NFATc2) alteration. (2014) Cesk Patol 50(2):
87-91.

PubMed | CrossRef | Others

Maire, G., Brown, C.W., Bayani, J., et al. Complex rearrangement
of chromosomes 19, 21, and 22 in Ewing sarcoma involving a nov-
el reciprocal inversion-insertion mechanism of EWS-ERG fusion
gene formation: a case analysis and literature review. (2008) Can-
cer Genet Cytogenet 181(2): 81-92.

PubMed | CrossRefl Others

Machado, 1., Navarro, S., Liombart-Bosch, A. Ewing sarcoma and
the new emerging Ewing-like sarcomas: (CIC and BCOR-rear-
ranged-sarcomas): A systemic review. (2016) Histol Histopathol
31(11): 1169-1181.

PubMed | CrossRcfl Others

Cheung, LY., Feng, Y., Danis, K., et al. Novel Markers of Sub-
clinical Disease for Ewing Family Tumors from Gene Expression
Profiling. (2007) Clin Cancer Res 13(23): 6978-6983.

PubMed | CrossRcfl Others

Submit your manuscript to Ommega Publishers and
we will help you at every step:

» We accept pre-submission inquiries

* Qur selector tool helps you to find the most relevant journal
* We provide round the clock customer support

 Convenient online submission

* Thorough peer review

* Inclusion in all major indexing services

» Maximum visibility for your research

Submit your manuscript at

https://www.ommegaonline.org/submit-manuscript

page no: 18


https://www.ommegaonline.org
https://www.ommegaonline.org/submit-manuscript
https://www.ncbi.nlm.nih.gov/pubmed/17272319
https://www.ncbi.nlm.nih.gov/pubmed/17272319
https://academic.oup.com/jjco/article/37/2/79/1795451
https://www.pacificejournals.com/journal/index.php/apalm/article/view/apalm1110
https://www.ncbi.nlm.nih.gov/pubmed/24384855
https://doi.org/10.1038/modpathol.2013.179
https://www.nature.com/articles/modpathol2013179
https://pdfs.semanticscholar.org/c844/0186f0f3d218513f3deb187e95a0c3aa2cd0.pdf
https://www.ncbi.nlm.nih.gov/pubmed/11408064
https://doi.org/10.1016/S0165-4608(00)00417-9
https://www.sciencedirect.com/science/article/pii/S0165460800004179
https://www.ncbi.nlm.nih.gov/pubmed/12087464
https://doi.org/10.1038/sj.bjc.6600332
https://www.nature.com/articles/6600332
https://www.ncbi.nlm.nih.gov/pubmed/2164462
https://doi.org/10.1159/000132901
https://www.karger.com/Article/Abstract/132901
https://www.ncbi.nlm.nih.gov/pubmed/11391597
https://doi.org/10.1002/1097-0142(20010601)91:11%3C2156::AID-CNCR1244%3E3.0.CO;2-I
https://onlinelibrary.wiley.com/doi/full/10.1002/1097-0142%2820010601%2991%3A11%3c2156%3A%3AAID-CNCR1244%3e3.0.CO%3B2-I
https://www.ncbi.nlm.nih.gov/pubmed/29200688
https://doi.org/10.4103/ijmpo.ijmpo_84_16
http://www.ijmpo.org/article.asp?issn=0971-5851;year=2017;volume=38;issue=3;spage=349;epage=353;aulast=Sharma
https://www.ncbi.nlm.nih.gov/pubmed/12560386
https://doi.org/10.1136/jcp.56.2.96
https://jcp.bmj.com/content/56/2/96.long
https://www.ncbi.nlm.nih.gov/pubmed/26690869
https://doi.org/10.1002/gcc.22336
https://onlinelibrary.wiley.com/doi/abs/10.1002/gcc.22336
https://doi.org/10.4137%2FGEG.S2815
https://journals.sagepub.com/doi/full/10.4137/GEG.S2815
https://www.ncbi.nlm.nih.gov/pubmed/22425584
https://doi.org/10.1016/j.bbcan.2012.02.002
https://www.sciencedirect.com/science/article/abs/pii/S0304419X12000145?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/8946192
https://doi.org/10.1002/(SICI)1098-2264(199611)17:3%3C141::AID-GCC1%3E3.0.CO;2-4
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291098-2264%28199611%2917%3A3%3c141%3A%3AAID-GCC1%3e3.0.CO%3B2-4
https://www.ncbi.nlm.nih.gov/pubmed/10451705
https://doi.org/10.1002/(SICI)1098-2264(199903)24:3%3C243::AID-GCC10%3E3.0.CO;2-A
https://onlinelibrary.wiley.com/doi/abs/10.1002/%28SICI%291098-2264%28199903%2924%3A3%3c243%3A%3AAID-GCC10%3e3.0.CO%3B2-A?sid=nlm%3Apubmed
https://www.ncbi.nlm.nih.gov/pubmed/22959474
https://doi.org/10.1016/j.canep.2012.08.006
https://www.sciencedirect.com/science/article/pii/S1877782112001154?via%3Dihub
https://link.springer.com/article/10.1007/s10147-010-0042-0
https://www.ncbi.nlm.nih.gov/pubmed/9242212
https://doi.org/10.1016/S0165-4608(96)00326-3
https://www.sciencedirect.com/science/article/pii/S0165460896003263
https://www.ncbi.nlm.nih.gov/pubmed/24758504
https://www.ncbi.nlm.nih.gov/pubmed/18295659
https://doi.org/10.1016/j.cancergencyto.2007.11.002
https://www.sciencedirect.com/science/article/pii/S0165460807007443
https://www.ncbi.nlm.nih.gov/pubmed/27306060
https://doi.org/10.14670/HH-11-792
http://www.hh.um.es/Abstracts/Vol_31/31_11/31_11_1169.htm
https://www.ncbi.nlm.nih.gov/pubmed/18056173
https://doi.org/10.1158/1078-0432.CCR-07-1417
http://clincancerres.aacrjournals.org/content/13/23/6978.long

