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account for the driver mutations that are essential to cancer growth and survival. Thus, not all the
fusion genes are direct treatment targets for molecular therapies, like BCR-ABL and ALK. Nevertheless,
these gene fusions provide important clues to both the classification of malignant diseases based on
macro- or microscopic findings and the clarification of the disease mechanisms. This is also true for
soft tissue sarcomas (STS).

In this review, we summarize the current understanding of chromosomal translocations in STS,
regarding both clinical features and new findings from basic science. We discuss the new molecular
therapies targeting these translocations and the related mutations that are being studied or tested in
ongoing trials.

1.2. Chromosomal Translocations in Soft Tissue Sarcoma

STS is a rare tumor accounting for only 5% of all malignant tumors, but there are diverse
heterogenic components among the subtypes of STS. There are more than 50 pathological subtypes
of STS in the current World Health Organization (WHO) classification [7]. The progress that has
been made in pathological technology and the accumulation of pathological and clinical data have
enabled precise diagnoses and classifications. The identification of translocations is one example of this.
Approximately 300 gene fusions are known in mesenchymal tumors, and ~20% of the STS subtypes
have chromosomal translocations; these are called translocation-related sarcomas (TRSs) [1]. The major
TRSs and their specific translocations and fusion genes are shown below (Table 1, Figure 1).

Table 1. Chromosomal translocations in soft tissue sarcoma (STS).

Histological Subtype Chromosomal Translocation Fusion Gene

Ewing sarcoma

t(11;22)(q24;q12) EWSR1-FLI1
t(21;22)(q22;q12) EWSR1-ERG
t(7;22)(q22;q12) EWSR1-ETV1

t(17;22)(q12;q12) EWSR1-ETV4
t(2;22)(q33;q12) EWSR1-FEV

t(16;21)(p11;q22) FUS-ERG

Ewing sarcoma-like small blue round cell tumor t(4;19)(q35;q13) CIC-DUX4
t(X;19)(q13;q13) CIC-FOXO4

Desmoplastic small round cell tumor t(11;22)(p13;q12) EWSR1-WT1

Alveolar rhabdomyosarcoma t(2;13)(q35;q14) PAX3-FOXO1
t(1;13)(p36;q14) PAX7-FOXO1

Alveolar soft part sarcoma t(X;17)(p11;q25) ASPL-TFE3

Synovial sarcoma
t(X;18)(p11;q11) SS18-SSX1
t(X;18)(p11;q11) SS18-SSX2
t(X;18)(p11;q11) SS18-SSX4

Myxoid liposarcoma t(12;16)(q13;p11) FUS-CHOP
t(12;22)(q13;q12) EWSR1-CHOP

Clear cell sarcoma t(12;22)(q13;q12) EWSR1-ATF1

Inflammatory myofibroblastic tumor
t(1;2)(q21;p23) TMP3-ALK

t(2;19)(p23;p13) TMP4-ALK
t(2;17)(p23;q23) CLTC-ALK

Infantile fibrosarcoma t(12;15)(p13;q25) ETV6-NTRK3
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Abstract: Chromosomal translocations are observed in approximately 20% of soft tissue sarcomas
(STS). With the advances in pathological examination technology, the identification of translocations
has enabled precise diagnoses and classifications of STS, and it has been suggested that the presence
of and differences in translocations could be prognostic factors in some translocation-related sarcomas.
Most of the translocations in STS were not regarded as targets of molecular therapies until recently.
However, trabectedin, an alkylating agent, has shown clinical benefits against translocation-related
sarcoma based on a modulation of the transcription of the tumor’s oncogenic fusion proteins.
Many molecular-targeted drugs that are specific to translocations (e.g., anaplastic lymphoma kinase
and tropomyosin kinase related fusion proteins) have emerged. The progress in gene technologies has
allowed researchers to identify and even induce new translocations and fusion proteins, which might
become targets of molecular-targeted therapies. In this review, we discuss the clinical significance of
translocation-related sarcomas, including their diagnoses and targeted therapies.

Keywords: Soft tissue sarcoma; chromosomal translocation; translocation-related sarcoma;
Ewing sarcoma breakpoint region 1; forkhead box transcription factor O; transcription factor E3;
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1. Introduction

1.1. What Is a Chromosomal Translocation?

A chromosomal translocation is a chromosome abnormality characterized by chromosomal
rearrangements that result in the fusion of genes, which were originally separate. These “fusion genes”
are known to be the causes of various diseases, including malignant diseases [1]. The first fusion
gene derived from a chromosomal translocation that was investigated both in tumor genesis and
as a treatment target is BCR-ABL. This fusion gene, from the t(9;22)(q34;q11) translocation observed
in chronic myeloid leukemia (CML), has been called the “Philadelphia chromosome”, and tyrosine
kinase inhibitors targeting BCR-ABL produced robust responses and clinical benefits against CML,
opening the era of molecular-targeting treatments in cancer therapy [2]. About 10 years after the
emergence of BCR-ABL therapy targeting CML, a new driver mutation based on fusion genes derived
from chromosomal translocations was identified in solid tumors, i.e., EML4-ALK from t(2;5)(p23;q35)
translocation [3]. Anaplastic lymphoma kinase (ALK)-related translocations are observed in only
2%–5% of non-small cell lung cancers (NSCLCs), but molecular-targeted therapy to ALK showed
highly significant responses that were the same as those observed when targeting BCR-ABL in CML,
bringing about a new paradigm of medical research and precision medicine [4–6].

There are many chromosomal translocations related to and/or detected in specific malignant
diseases. More than 700 gene fusions are now known in malignant diseases [1]. Each fusion gene has
specific roles and functions in the genesis and progression of various cancers, and not all the genes
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