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Background: Limited epidemiological research has focused on translocations in soft tissue sarcomas, with no studies on
bone sarcomas. This study aimed to clarify the epidemiology, prognosis, and genetic information of translocation-
related sarcoma (TRS) and non-TRS patients.

Materials and methods: This retrospective cohort study used data from the Bone and Soft Tissue Tumor Registry in
Japan (BSTTRJ) (2001-2019), the Kyushu University Hospital (KUH) repository (2001-2021), and a publicly available
online dataset (MSK). The patients were categorized into TRS and non-TRS groups, and epidemiological, prognostic,
and mutational diversity were compared.

Results: This study included 25 383 participants, of whom 4864 (19.2%) were TRS and 20 519 (80.8%) were non-TRS
patients. TRS patients had significantly younger onset ages (median: 43 years, interquartile range: 29-59 years) than
non-TRS patients (median: 63 years, interquartile range: 46-73 years). In the MSK cohort, microsatellite instability
and tumor mutation burden scores in non-TRS were higher than in TRS, although they were rather low compared
with the pan-cancer analysis. In the BSTTRJ cohort, survival analyses with the propensity score matching revealed
that patients with TRS had better overall [hazard ratio (HR): 0.71, 95% confidence interval (Cl) 0.63-0.81],

metastasis-free (HR: 0.75, 95% Cl 0.67-0.84), and recurrence-free (HR: 0.47, 95% Cl 0.39-0.57) survival.
Conclusions: This study highlights differences in the epidemiology and genetic rearrangements of sarcoma.
Key words: sarcoma, bone sarcoma, soft tissue sarcoma, translocation-related sarcoma, epidemiology

INTRODUCTION

Sarcomas, which are notably less prevalent than carci-
nomas,’ are difficult to study; hence, research has pro-
gressed slowly. They are divided into two main categories
based on their tumorigenic pathways: translocation-related
sarcoma (TRS), characterized by tumor-specific fusion
genes, and non-TRS, which lack fusion genes.”® Tumors
with fusion genes constitute a greater percentage of sar-
comas than carcinomas.” TRS are commonly thought to
manifest at a younger age and exhibit less genetic muta-
tional diversity than non-TRS, as suggested by reports on
individual tumors.” Despite these observations, only a few
comparative epidemiological studies have explicitly focused
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on classifying soft-tissue sarcomas based on the presence of
fusion genes. To the best of our knowledge, no such studies
have been conducted on bone tumors.

Recent large-scale and comprehensive genome projects
have identified fusion genes involved in certain diseases
that were previously considered non-TRS.>™** These findings
raise questions as to whether the conventional concept of
the TRS can uphold its traditional position.

The generalizability of the younger age of onset and the
lack of genetic mutational diversity observed as distinctive
features of TRS remains uncertain. Moreover, discussions
regarding the tumorigenesis of fusion genes in non-TRS are
only in the preliminary stages. In this study, we conducted a
comparative analysis of the epidemiology of TRS and non-
TRS patients using three distinct cohorts. The Bone and
Soft Tissue Tumor Registry in Japan (BSTTRJ) was the largest
cohort in our study but lacked genetic information. In
contrast, the Kyushu University Hospital (KUH) repository
cohort, which adhered to the same criteria as the BSTTRJ
cohort, was a smaller local cohort that exclusively included
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patients with genetically confirmed translocations related
to each TRS subtype. The medium-sized MSK cohort from
the Memorial Sloan Kettering Cancer Center has publicly
available online data on DNA mutations and translocations.
Our study aimed to provide new epidemiological insights
into TRS and non-TRS by combining cohorts of varying sizes
and genetic information.

MATERIALS AND METHODS

Ethics

This study was conducted in accordance with the principles
of the Declaration of Helsinki and was approved by the
Musculoskeletal Tumor Committee of the Japanese Ortho-
paedic Association and the Institutional Review Board of
Kyushu University, Japan (IRB number 21162-00).

Definition of TRS and non-TRS

TRS and non-TRS were defined based on previous reports
and the latest World Health Organization classification,”® as
shown in Supplementary Table S1, available at https://doi.
org/10.1016/j.esmoop.2024.103726.

BSTTRJ cohort

BSTTRJ is a nationwide, organ-specific cancer registry for
bone and soft tissue tumors in Japan. The registry was
launched in the 1950s, organized and funded by the Japa-
nese Orthopaedic Association, and promoted by the Na-
tional Cancer Centre in Japan.’**®* The Japanese
Orthopaedic Association provides data on cases listed in
this registry from 2001 to 2019. The extracted information
included the patient’s age, sex, tumor size, location, depth,
diagnosis, treatment details, and prognosis at the last
follow-up. Note that the diagnosis of cases registered in this
registry reflects the diagnosis made at each institution, and
no central pathology review was made. In this cohort, no
information on genetic alterations was not available. To
prevent double entry, we obtained data from 29 954 pa-
tients, excluding those enrolled at KUH (Figure 1). Of these,
only 24 248 primary patients were identified. Patients with
liposarcoma or rhabdomyosarcoma of unknown subtype
were excluded. Fibrosarcoma was reclassified as a plausible
diagnosis if it could be determined from annotations. Pa-
tients with unknown details or those who could not be
assigned to the present diagnostic criteria were excluded.
Overall, 23 792 patients were included in the BSTTRJ cohort.

KUH repository cohort

The data of patients diagnosed with sarcoma from 2001 to
2021 were retrieved from the archive of the Department of
Orthopaedic Surgery, Kyushu University, Japan. We selected
557 patients based on the same inclusion and exclusion
criteria as used in the BSTTRJ cohort (Figure 1). Additionally,
only patients with specific gene rearrangements confirmed
by reverse transcription polymerase chain reaction and
direct sequencing or fluorescence in situ hybridization were
included as having TRS. Thus, in this cohort, in addition to
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the same clinical information as in the BSTTRJ cohort, data
on fusion genes were appended, but information on other
genetic alterations was not available. A total of 483 patients
were included in the KUH repository cohort.

MSK cohort

The MSK cohort data were obtained using cBioPortal.™

Data extracted from the MSK cohort included clinical
information, follow-up data [overall survival (OS)], and
genetic information from the targeted sequence using MSK-
IMPACT (Memorial Sloan Kettering Cancer Centre — Inte-
grated Mutation Profiling of Actionable Cancer Targets),*
such as data on fusion genes and somatic mutations (pri-
marily analyzed), microsatellite instability scores (calculated
as MSlsensor’®), and tumor mutation burden (TMB)Y’
scores. Further cohort details have been described previ-
ously."* We selected 1348 primary cases from 2138 cases
for which clinical data were available (Figure 1). Then, we
extracted 587 cases from the fusion gene data, excluding
those with intragenic rearrangements. The clinical and
fusion gene data were integrated. Patients with uterine
tumors, liposarcoma of unknown subtype, glomangio-
sarcoma, or pseudomyogenic hemangioendothelioma,
which lacked consensus on their TRS classification, were
excluded. Patients with ‘round cell sarcoma, other’ other
than EWSR1/BCOR/CIC-related sarcoma were excluded.
Moreover, patients with undetectable specific fusion genes
or uncertain fusion genes were excluded. Ultimately, 1108
patients were included in the MSK cohort.

The percentages of TRS patients with somatic DNA mu-
tations were also calculated. Among the detected muta-
tions, we excluded ‘benign’ or ‘likely benign’ pathogenicity,
as classified by ClinVar (a public archive on human genetic
variations and phenotypes with free access).’® Then,
we identified pathogenic mutations with a cut-off of 0.75 in
the functional analysis through hidden Markov models
(version 2.3)."%?° Mutations not listed were considered
nonpathogenic.

Statistical analysis

All the statistical analyses were conducted using R software
(version 4.1.2, R Foundation for Statistical Computing,
Vienna, Austria). Significance was defined as a P < 0.01. The
sexes were identified and evaluated according to their
biological characteristics. Patients with missing values for
the analysis items were excluded from each analysis. The
two groups were compared using the t-test or Mann—
Whitney U test for quantitative variables and the chi-
square test for qualitative variables. Survival curves for
0S, metastasis-free survival (MFS), and recurrence-free
survival (RFS) were estimated using the Kaplan—Meier
method and compared using the log-rank test in the sur-
vival package. The P values were corrected using the Bon-
ferroni method, which is used to compare variables among
three or more groups. Hazard ratios (HRs) and 95% confi-
dence intervals (Cls) were estimated using Cox univariate
regression models. Furthermore, among the variables, age
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BSTTRJ

All patients with malignant or
intermediate malignant tumors
April 2001 - March 2019
(n=29954)

Excluded (n = 5,706):
Patients enrolled after

Patients with treatment

primary tumor
(n=24248)

Excluded (n = 456):
Patients with unknown
subtype of tumors

Study cohort
(n=23792)

All patients obtained from cBioPortal
June, 2022
(n=2,138)

Patients with primary tumor
(n=1,348)

Patients with primary tumor
(n=1,253)

Study cohort
(n=1,108)

Patients with metastatic or recurrent tumors

Patients with uterine sarcomas (n = 91)
+ Patients with unknown subtype of liposarcoma (n = 1),

pseudomyogenic hemangioendothelioma (n = 2)

» Patients with TRS with undetected specific fusion

» Patients with round cell sarcoma with the fusion of
other than EWSR1/BCOR/CIC (n = 24)

KUH repository

All patients selected using the
same criteria as BSTTRJ cohort
January 2001 - December 2021

(n=1557)

Excluded (n = 74):
Patients with TRS with
undetected fusion genes

Study cohort
(n=483)

Excluded (n = 790):

Excluded (n = 95):

glomangiosarcoma (n = 1), and

Excluded (n = 145):

genes (n=121)

Figure 1. Patient selection and cohort composition. In the BSTTRJ and KUH repository cohorts, patients with liposarcoma and rhabdomyosarcoma of unknown
subtypes were excluded. Fibrosarcoma was reclassified based on annotations. TRS with undetectable specific fusion genes were excluded from the KUH repository. The
analyzed cohort comprised 23 792 and 483 patients from the BSTTRJ and KUH repository cohorts, respectively. In the MSK cohort, 1348 primary patients were initially
selected from a pool of 2138 patients. The exclusion criteria were uterine tumors, liposarcoma of unknown subtype, glomangiosarcoma, and pseudomyogenic
hemangioendothelioma. The round cell sarcoma, other’ (excluding EWSR1/BCOR/CIC-related sarcoma), and TRS patients with undetected or uncertain specific fusion

genes were also excluded. The resulting MSK cohort comprised 1108 patients.

BSTTRJ, Bone and Soft Tissue Tumor Registry in Japan; KUH, Kyushu University Hospital; MSK, Memorial Sloan Kettering; TRS, translocation-related sarcoma.

(<65 or >65 vyears), distant metastasis at diagnosis,
chemotherapy, radiotherapy, and resection margin (defined
as complete resection: RO or incomplete resection: non-R0)
were adjusted by propensity score matching (1 : 1 match-
ing) using logistic regression in the Matchlt package.”*
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RESULTS

Cohort characteristics

The clinical characteristics of each cohort are presented in
Table 1. The BSTTRJ cohort had 23 792 patients and
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Table 1. The patients’ characteristics in each cohort. Information on missing values is not presented in the table

Factor Group BSTTRJ KUH repository MSK

N 23792 483 1108

Age, median (IQR) 60 (41-72) 58 (37-71) 54 (32-66)

Sex (%) Male 13 073 (54.9) 264 (54.7) 603 (54.4)
Female 10 719 (45.1) 219 (45.3) 505 (45.6)

Site (%) Bone 5677 (23.9) 145 (30.0) 184 (16.6)
Soft tissue 18 115 (76.1) 338 (70.0) 924 (83.4)

Site, detail (%) Extremity 14713 (61.9) 308 (64.3) 208 (22.2)
Trunk 8431 (35.4) 165 (34.4) 56 (6.0)
Head and neck 648 (2.7) 6 (1.3) 66 (7.0)
Other 0 (0.0) 0 (0.0) 608 (64.8)

Last follow-up data (%) AWD 4749 (20.0) 113 (23.4)
NED 14 507 (61.0) 300 (62.1)
DOD 3255 (13.7) 63 (13.0)
DOC 385 (1.6) 7 (1.4)
Alive 791 (71.7)
Dead 312 (28.3)

Diagnosis (%) Atypical lipomatous tumor/well-differentiated liposarcoma 4131 (17.4) 52 (10.8) 23 (2.1)
Undifferentiated pleomorphic sarcoma/malignant fibrous 3138 (13.2) 35 (7.4) 93 (8.4)
histiocytoma
Osteosarcoma 2290 (9.6) 59 (12.2) 77 (6.9)
Myxofibrosarcoma 1886 (7.9) 57 (11.8) 25 (2.3)
Chondrosarcoma 1603 (6.7) 33 (6.8) 25 (2.3)
Myxoid liposarcoma 1584 (6.7) 33 (6.8) 7 (0.6)
Desmoid fibromatosis 1375 (5.8) 21 (4.3) 19 (1.7)
Leiomyosarcoma 1133 (4.8) 42 (8.7) 54 (4.9)
Dedifferentiated liposarcoma 1037 (4.4) 49 (10.1) 109 (9.8)
Synovial sarcoma 783 (3.3) 12 (2.5) 5 (0.5)
Malignant peripheral nerve sheath tumor 706 (3.0) 16 (3.3) 38 (3.4)
Ewing sarcoma 616 (2.6) 5 (1.0) 66 (6.0)
Chordoma 454 (1.9) 14 (2.9) 0 (0.0)
Solitary fibrous tumor 347 (1.5) 1(0.2) 21 (1.9)
Pleomorphic liposarcoma 309 (1.3) 5 (1.0) 14 (1.3)
Dermatofibrosarcoma protuberans 265 (1.1) 1(0.2) 0 (0.0)
Low-grade fibromyxoid sarcoma 233 (1.0) 1(0.2) 4 (0.4)
Extraskeletal myxoid chondrosarcoma 197 (0.8) 1(0.2) 3 (0.3)
Angiosarcoma 194 (0.8) 2 (0.4) 77 (6.9)
Epithelioid sarcoma 179 (0.8) 2 (0.4) 20 (1.8)
Alveolar soft part sarcoma 169 (0.7) 5 (1.0) 2 (0.2)
Alveolar rhabdomyosarcoma 158 (0.7) 2 (0.4) 3 (0.3)
Clear cell sarcoma 136 (0.6) 3 (0.6) 7 (0.6)
Pleomorphic rhabdomyosarcoma 144 (0.6) 2 (0.4) 0 (0.0)
Parosteal osteosarcoma 130 (0.5) 3 (0.6) 1(0.1)
Dedifferentiated chondrosarcoma 117 (0.5) 4 (0.8) 7 (0.6)
Embryonal rhabdomyosarcoma 72 (0.3) 1(0.2) 36 (3.2)
Mesenchymal chondrosarcoma 54 (0.2) 2 (0.4) 0 (0.0)
Inflammatory myofibroblastic tumor 53 (0.2) 0 (0.0) 6 (0.5)
Clear cell chondrosarcoma 51 (0.2) 1(0.2) 0 (0.0)
Low-grade central osteosarcoma 45 (0.2) 3 (0.6) 0 (0.0)
Malignant giant cell tumor 35 (0.1) 7 (1.4) 0 (0.0)
Adamantinoma 34 (0.1) 3 (0.6) 0 (0.0)
Periosteal osteosarcoma 27 (0.1) 1(0.2) 0 (0.0)
Malignant granular cell tumor 23 (0.1) 0 (0.0) 0 (0.0)
Periosteal chondrosarcoma 20 (0.1) 1(0.2) 0 (0.0)
Round cell sarcoma (with EWSR1, BCOR, CIC 18 (0.1) 0 (0.0) 8 (0.7)
rearrangement)
Malignant rhabdoid tumor 12 (0.1) 0 (0.0) 0 (0.0)
Spindle cell/sclerosing rhabdomyosarcoma 12 (0.1) 0 (0.0) 10 (0.9)
Infantile fibrosarcoma 12 (0.1) 0 (0.0) 1(0.1)
Extraskeletal osteosarcoma 6 (0.0) 3 (0.6) 4 (0.4)
Intimal sarcoma 2 (0.0) 0 (0.0) 15 (1.4)
Sclerosing epithelioid fibrosarcoma 1 (0.0) 0 (0.0) 4 (0.4)
Malignant epithelioid hemangioendothelioma 1 (0.0) 0 (0.0) 0 (0.0)
Gastrointestinal stromal tumor 0 (0.0) 0 (0.0) 272 (24.5)
Desmoplastic small round cell tumor 0 (0.0) 0 (0.0) 27 (2.4)
Perivascular epithelioid cell tumor 0 (0.0) 0 (0.0) 15 (1.4)
Epithelioid hemangioendothelioma 0 (0.0) 0 (0.0) 7 (0.6)
Myxoinflammatory fibroblastic sarcoma 0 (0.0) 0 (0.0) 2 (0.2)
Myxoid chondrosarcoma 0 (0.0) 0 (0.0) 1(0.1)

AWD, alive with disease; BSTTRJ, Bone and Soft Tissue Tumor Registry in Japan; DOC, died of other causes; DOD, died of disease; IQR, interquartile range; KUH, Kyushu University
Hospital; MSK, Memorial Sloan Kettering; NA, not available; NED, no evidence of disease.
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included 4627 (19.4%) TRS patients and 19 165 (80.6%)
non-TRS patients (Supplementary Table S2, available at
https://doi.org/10.1016/j.esmoop.2024.103726). Informa-
tion on the missing values in the BSTTRJ cohort is shown in
Supplementary Figure S1, available at https://doi.org/10.
1016/j.esmoop.2024.103726. In the KUH repository
cohort, 66 (13.7%) patients with TRS and 417 (86.3%) pa-
tients without TRS were included (Supplementary Table S3,
available at https://doi.org/10.1016/j.esmoop.2024.
103726). In the MSK cohort, 171 (15.4%) TRS patients and
937 (84.6%) non-TRS patients were enrolled in this study
(Supplementary Table S4, available at https://doi.org/10.
1016/j.esmoop.2024.103726).

Age distribution in the TRS and non-TRS groups

The age distribution at onset is shown in Figure 2. All three
cohorts included any age, i.e. pediatric patients. In the
BSTTRJ cohort, the median age of the participants was 44
years (interquartile range [IQR]: 30-59 years, mean: 44
years) for the TRS group and 63 years (IQR: 46-73 years,
mean: 58 years) for the non-TRS group (P < 0.001 by
Mann—Whitney U test) (Figure 2A and Supplementary
Table S2, available at https://doi.org/10.1016/j.esmoop.
2024.103726). In the KUH cohort, the median age was 40
years (IQR: 29-55 years, mean: 41 years) for the TRS group
and 60 years (IQR: 41-73 years, mean: 56 years) for the non-
TRS group (P < 0.001) (Figure 2A and Supplementary
Table S3, available at https://doi.org/10.1016/j.esmoop.
2024.103726). In the MSK cohort, the median age was 24
years (IQR: 16-43 years, mean: 20 years) for patients with
TRS and 57 years (IQR: 38-67 years, mean: 52 years) for
non-TRS patients (P < 0.001) (Figure 2A and Supplementary
Table S4, available at https://doi.org/10.1016/j.esmoop.
2024.103726).

In the integrated cohort, TRS patients had significantly
younger onset ages (median: 43 years, IQR: 29-59 years,
mean: 44 years) than non-TRS patients (median: 63 years,
IQR: 46-73 years, mean: 58 years) (P < 0.001). The histo-
gram of non-TRS patients in the three cohorts showed clear
bimodality, with peaks at ages 15 and 70 years (Figure 2B).
Furthermore, we analyzed the bone and soft tissue tumors
separately (Figure 2C-E). The non-TRS bone tumor group
showed marked bimodality and a broader spectrum
(Figure 2D), but non-TRS in the other tumor groups, except
for the osteosarcoma group, indicated unimodality
(Supplementary Figure S2, available at https://doi.org/10.
1016/j.esmoop.2024.103726), similar to that in the soft
tissue non-TRS group (Figure 2E).

MSI and TMB between the TRS and non-TRS groups

MSlsensor and TMB scores were compared between the
TRS and non-TRS groups in the MSK cohort (Figure 2F). The
MSlIsensor scores were significantly greater in the non-TRS
group (median: 0.32, IQR: 0.06-1.02) than in the TRS
group (median: 0.06, IQR: 0.00-0.17) (P < 0.001). TMB
scores were also significantly greater in the non-TRS group
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(median: 1.80 mut/Mb, IQR: 0.90-2.60) than in the TRS
group (median: 1.00 mut/Mb, IQR: 0.68-1.80, P < 0.001).

DNA mutations in the TRS group

One hundred and sixty-three different somatic mutations
were detected in the TRS group in the MSK cohort
(Supplementary Figure S3, available at https://doi.org/10.
1016/j.esmoop.2024.103726). Of these, 30 were patho-
genic. Among the 171 TRS patients, 87 (50.9%) had muta-
tions, regardless of their functions; however, only 26
patients (15.2%) harbored at least one known pathogenic
mutation.

Treatments and survival analyses between the TRS and
non-TRS groups

In the BSTTRJ cohort, the OS of the TRS group did not differ
significantly from that of the non-TRS group (HR: 0.96, 95%
Cl: 0.89-1.04, P = 0.36) (Supplementary Figure S4A, avail-
able at https://doi.org/10.1016/j.esmoop.2024.103726).
Significantly more patients with TRS, however, already had
multiple lesions at diagnosis in the BSTTRJ cohort (P <
0.001) (Supplementary Table S2, available at https://doi.
org/10.1016/j.esmoop.2024.103726). MFS in patients with
local disease at the entry point did not differ between the
TRS and non-TRS groups (HR: 0.96, 95% Cl 0.88-1.05, P =
0.96) (Supplementary Figure S4B, available at https://doi.
org/10.1016/j.esmoop.2024.103726). Furthermore, RFS in
patients who had undergone surgery was significantly
longer in the TRS group (HR: 0.50, 95% Cl 0.43-0.59, P <
0.001) (Supplementary Figure S4C, available at https://doi.
org/10.1016/j.esmoop.2024.103726). The MSK cohort also
showed no significant differences in OS (HR: 1.03; 95% ClI
0.76-1.39; P = 0.86) (Supplementary Figure S4D, available
at https://doi.org/10.1016/j.esmoop.2024.103726).

Alternatively, survival analyses were carried out in the
BSTTRJ cohort dataset and adjusted for potential con-
founding factors (Figure 3, top row). Details of the pro-
pensity  matching procedure are presented in
Supplementary Figure S5, available at https://doi.org/10.
1016/j.esmoop.2024.103726. The results showed that OS
(HR: 0.71, 95% CI 0.63-0.81, P < 0.001), MFS (HR: 0.75, 95%
Cl 0.67-0.84, P < 0.001), and RFS (HR: 0.47, 95% Cl 0.39-
0.57, P < 0.001) were better in the TRS group than in the
non-TRS group. We also carried out survival analyses
stratified by treatment histories. Patients with TRS had
better prognoses regardless of whether they were treated
with chemotherapy or radiotherapy (Figure 3, middle two
rows); however, in cases of incomplete resection, there was
no significant difference in OS or MFS between the two
groups (Figure 3, bottom row).

Non-TRS with uncertain fusion genes

The epidemiology and clinical impact of fusion genes in
non-TRS patients were estimated using the MSK cohort.
Fusion genes were detected in 13.0% of non-TRS patients
(Supplementary Table S5, available at https://doi.org/10.
1016/j.esmoop.2024.103726). Each non-TRS patient had
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Figure 2. Distribution of onset age and MSisensor and TMB scores between TRSs and non-TRSs. Bar plots of the three cohorts show a significantly younger age of
TRS onset in each cohort (A). In the combined cohort, TRS had a single peak at ~ 40 years, while non-TRS showed a bimodal peak at the teenage years and ~ 70 years
(B). Age distribution of bone and soft tissue (C-E). Bone non-TRS shows marked bimodality (D) and a broader spectrum (C and D), whereas soft tissue non-TRS shows
unimodality (E). The MSlisensor scores were significantly lower in the TRS group (median: 0.06, IQR: 0.00-0.17) than in the non-TRS group (median: 0.32, IQR: 0.06-
1.02). Similarly, TMB scores were significantly lower in the TRS group (median: 1.00 mut/Mb, IQR: 0.68-7.80 mut/Mb) and in the non-TRS group (median: 1.80 mut/
Mb, 1QR: 0.90-2.60 mut/Mb) (F). The outliers were considered significant but are not shown in Figures (F). White dots indicate mean values (A, C, and F). BSTTRJ, Bone
and Soft Tissue Tumor Registry in Japan; IQR, interquartile range; KUH, Kyushu University Hospital; MSIsensor, microsatellite instability sensor score; MSK, Memorial
Sloan Kettering; TMB, tumor mutation burden; TRS, translocation-related sarcoma. ***P < 0.001.

unique fusion genes. In the non-TRS group, age was fusion genes (median age: 60 years, IQR: 39-68 years, mean
compared separately based on the presence or absence of age: 54 years), however, did not differ significantly from
fusion genes (Figure 4A and B). The ages of patients with those without fusion genes (median age: 56 years, IQR: 38-
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Figure 3. Survival curves between TRS patients and non-TRS patients in the propensity score-matched BSTTRJ cohort. The Kaplan—Meier curves for OS, MFS, and
RFS were adjusted using propensity score matching for age (<65 or >65 years), distant metastasis at diagnosis, chemotherapy, radiotherapy, and resection margin (RO
or others). Patients with TRS exhibited a better prognosis than non-TRS patients in terms of OS, MFS, and RFS (top row). Survival analyses stratified by treatment
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row from the top). In patients who underwent incomplete resection, however, there was no significant difference in OS or MFS between the TRS and non-TRS groups
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BSTTRJ, Bone and Soft Tissue Tumor Registry in Japan; Cl, confidence interval; HR, hazard ratio; MFS, metastasis-free survival; OS, overall survival; RFS, recurrence-free
survival; TRS, translocation-related sarcoma.
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Figure 4. The variables of the fusion gene-detected and non-fusion groups of non-TRS patients in the MSK cohort.

The probability distributions of the onset age of fusion in the detected (blue) and non-detected (red) groups were almost identical (A). No difference in onset age was
observed between non-TRS patients with fusion genes (mean: 54 years; SD: 20.6) compared with those without fusion genes (mean: 52 years; SD: 20.2) (B). The
MSlsensor score was significantly lower in non-TRS patients without fusion genes (median: 0.30, IQR: 0.06-0.97) than among those with fusion genes (median: 0.44,
IQR: 0.14-1.43) (C). The TMB did not differ between the two groups (median: 1.80 mut/Mb, IQR: 0.90-2.60 mut/Mb in both groups) (D). The outliers were considered
significant but are not shown in Figures (C and D). White dots indicate mean values (B-D).

IQR, interquartile range; MSlsensor, microsatellite instability sensor score; NS, non-significant; SD, standard deviation; TMB, tumor mutation burden; TRS,

translocation-related sarcoma. NS P > 0.05. *P < 0.05. **P < 0.01.

67 years, mean age: 52 years) (P = 0.22 by Mann—Whitney
U test). Additionally, MSlsensor and the TMB scores were
compared (Figure 4C and D). The MSlsensor scores differed
significantly (P = 0.006), but the difference was
much smaller than that between the TRS and non-TRS
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groups (median score: 0.45, IQR: 0.14-1.43 in the fusion
gene-positive group versus median score: 0.30, IQR: 0.06-
0.97 in the fusion gene-negative group) (Figure 4C). The
TMB did not differ between the two groups (median score:
1.80 mut/Mb, IQR: 0.90-2.60 mut/Mb in both groups,
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P = 0.049) (Figure 4D). There was also no difference in OS
(HR: 1.33, 95% Cl 0.94-1.89, P = 0.10) (Figure 4E).

DISCUSSION

We conducted a comparative epidemiological analysis
focusing on the classification of TRS and non-TRS patients
using three independent cohorts from different databases.
For two cohorts (the KUH repository and MSK), only geneti-
cally confirmed TRS were included, and specific gene rear-
rangement details were collected. Conversely, the BSTTRJ
cohort lacked fusion gene information; however, the distri-
bution of the clinical information was similar to that of the
KUH repository cohort, supporting the validity of the diag-
nosis in the BSTTRJ cohort. The two cohorts were from the
same country, and the same criteria were applied. For the
same reason, survival analysis was carried out for the larger
cohort (the BSTTRJ cohort) but not for the KUH repository
cohort.

Patients with TRS are generally presumed to have a
younger age of onset, as indicated by studies on individual
subtypes. Only one study, however, validated this assump-
tion.? In this study,® the researchers did not confirm genetic
translocations in TRS, consider the effects of confounding
factors or include bone tumors. The present study confirms
that TRS patients are significantly younger than non-TRS
patients. Our findings suggest that the onset age may
vary between Japanese and US cohorts; this discrepancy
could be attributed to biases in included tumor subtypes.
Notably, bone TRS peaked at a younger age than soft tissue
TRS. The bimodal age distribution observed in non-TRS of
the bone can be attributed to the fact that osteosarcoma (a
representative of non-TRS) and Ewing sarcoma (a repre-
sentative of TRS) have nearly identical onset ages.’

TRS patients are assumed to carry fewer somatic muta-
tions than non-TRS patients. This notion has primarily been
inferred from individual TRS reports,7 however, and its
generalizability to the entire TRS population remains un-
clear. To address this uncertainty, we compared the MSI-
sensor and TMB scores between TRS and non-TRS groups.
In general, an MSIsensor score >10 is presumed to be
microsatellite instability-high (MSI-high),""?” and TMB >10
or 20 mutations/megabase is often defined as TMB-
high.?>** In bone and soft tissue sarcomas, cases of high
MSI or high TMB are considered rare; indeed, even without
considering the TRS/non-TRS classification, the present re-
sults support this presumption. Similar to the previous
study,”* both MSisensor and TMB scores were significantly
lower in the TRS group than for non-TRS in the selection
criteria of this study, validating the prevailing theory and
establishing the applicability of this concept to TRS. Some
15.2% of the TRS patients, however, exhibited at least one
pathogenic mutation. A comprehensive mutation analysis
may be needed, particularly for patients who are difficult to
treat, as this may aid in identifying potential therapeutic
targets.

Previous reports have indicated that TRS is associated
with a greater rate of metastasis after initial treatment.’
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Moreover, recurrence occurred less frequently in TRS pa-
tients than in non-TRS patients, according to crude ana-
lyses. Using adjustment for confounding factors, however,
our findings revealed that patients with TRS had better MFS
than non-TRS patients. Furthermore, patients with TRS
consistently had better prognoses, including MFS, when
stratified according to chemotherapy and radiation therapy.
When resection margins were inadequate, however, no
significant difference was observed between the TRS and
non-TRS groups. These results suggest that TRS may cause
more distant metastasis when the tumor is regionally pre-
sent. This observation suggests that many patients with TRS
present with multiple lesions at the time of diagnosis.
Regarding local recurrence, patients with TRS exhibited a
significantly longer RFS, which is consistent with findings
from earlier reports. Therefore, resection with adequate
surgical margins is important for the treatment of TRS.

Comprehensive sequencing analyses of specific non-TRS
subtypes have recently revealed novel fusion genes in
selected patients.>*° This discovery sparked the intriguing
possibility that translocations may act as drivers in some non-
TRS patients. A thorough examination of the collection and
exhaustive analysis of numerous rare sarcomas, however, are
essential before validating this hypothesis. In the MSK cohort,
fusion genes were identified in 13.0% of non-TRS patients,
with a greater frequency in dedifferentiated liposarcoma,
osteosarcoma, and undifferentiated pleomorphic sarcoma
patients. These pleomorphic sarcomas are speculated to
exhibit high genetic diversity. Notably, the detected fusion
genes were unique to the individual patients and lacked
reproducibility. To assess the clinical impact of these fusion
genes, we categorized non-TRS patients into those with and
without fusion genes. There was no significant difference in
age at onset between the two groups, exhibiting nearly
identical age distributions. Additionally, the TMB scores dis-
played no notable differences, while the MSlsensor score was
slightly greater in the group with fusion genes. No discernible
clinical differences were evident. Finally, OS did not vary
between the two groups. These findings suggest that not all
fusion genes are more likely to be expressed in younger in-
dividuals. Instead, a more accurate interpretation suggests
that reproducible gene rearrangements that cause TRS are
more prevalent in younger populations. It is also plausible
that the mechanism of gene rearrangement in non-TRS dif-
fers from that in TRS. Furthermore, the fusion genes identi-
fied in non-TRS may not be etiologic agents but could merely
be outcomes of a breakdown in the chromosome repair
mechanism. Considering this perspective, trabectedin, which
has demonstrated a beneficial effect on TRS,”*>*® may not
necessarily exhibit the same effectiveness in non-TRS pa-
tients with fusion genes.

This study has several limitations. Most participants were
Japanese, and we did not consider potential racial differ-
ences. The largest database (BSTTRJ) had inherent biases, as
it compiles information based on independent evaluations
from various institutions and has missing values. Moreover,
translocation confirmation was lacking for all cases within
this database despite the epidemiological distribution
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generally aligning with the smaller KUH repository cohort.
Furthermore, genetic analyses were exclusively conducted
in the USA-based cohort (MSK); this introduces a potential
limitation due to differences in tumor subtype distributions
between the Japan-based (KUH repository and BSTTRJ) and
USA-based cohorts. Information on genetic alterations in
the MSK cohort was based on annotated data, which is
insufficient to address issues that depend on sequencing
quality. More detailed molecular biology verification is
needed before conclusions can be drawn regarding the
pathogenicity of mutations and fusion genes.

CONCLUSION

This study encompasses multiple cohorts and comprehen-
sively describes the epidemiology and genetic characteris-
tics of TRS, highlighting differences in prognosis and
mutational profiles. The epidemiological features of gene
rearrangement in sarcoma, which have remained unclear
due to a scarcity of data, have been successfully revealed.
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