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Abstract

Background Liquid biopsy, which facilitates minimally invasive analysis of body fluid samples, has considerable
potential as a diagnostic and prognostic tool in various cancers. Analysis of circulating tumour cells, circulating
tumour DNA, and exosomes in liquid biopsies has advantages and disadvantages. However, their utility in rare can-
cers, such as malignant bone and soft tissue tumours, remains unknown. In this study, we examined the levels of cir-
culating cell-free tumour RNA (cfRNA) in the blood of patients with malignant bone and soft tissue tumours harbour-
ing specific fusion genes, to explore the relationship between fusion gene expression in the blood and therapeutic
response and disease status, and to validate the clinical utility of liquid biopsy.

Methods The study involved 3 cases (7 samples) of Ewing’s sarcoma, 6 cases (12 samples) of myxoid liposarcoma,
and 1 case (2 samples) of synovial sarcoma with specific fusion genes. Fusion gene analysis was performed using
tumour tissue samples to identify breakpoints. Primers for liquid biopsy were designed based on the fusion genes
identified. cfRNA was extracted from each patient’s plasma and used for reverse transcription polymerase chain reac-
tion (RT-PCR) with the designed primers. The RT-PCR product was subjected to Sanger sequencing.

Results Fusion gene breakpoints were identified in 10 samples from 6 cases. The fusion gene detection rate
in the blood was 100% at both naive status and symptom exacerbation in patients with Stage IV disease. In patients
with Stage lll disease progressing to Stage IV, the fusion gene was detected in the blood prior to imaging tests.

Conclusions The detection of specific fusion genes from cfRNAs shows potential for monitoring the progression
of fusion-related sarcomas in the context of chemotherapy.
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Background

Bone and soft tissue tumours arise in bone and mesen-
chymal tissues, such as fat, nerves, and blood vessels.
Clinically, they are classified as primary or metastatic.
Primary malignant bone and soft tissue tumours account
for approximately 1% of all cancers. These are primarily
sarcomas with over 70 subtypes. Given the rarity, histo-
logical diversity, and refractoriness of the disease, many
patients have a poor prognosis upon diagnosis. The over-
all 5-year relative survival rate is approximately 50%, with
16% of patients already presenting metastases at diagno-
sis, in which case, the 3-year survival rate is just 20%—
25% [1, 2].

The pathological diagnosis of malignant bone and soft
tissue tumours is often complex and challenging. Cur-
rently, a definitive diagnosis of malignant bone and soft
tissue tumours relies on tissue biopsy and imaging evalu-
ation. Particularly, tissue biopsy has emerged as the gold
standard for diagnosis. However, tissue biopsy is inva-
sive and difficult to perform depending on disease loca-
tion [3]. Furthermore, it requires a considerable amount
of time to accurately diagnose the condition. In a previ-
ous study, genetic assessment resulted in a change in the
pathologic diagnosis of 14% of cases [4].

No guidelines regarding the method and duration for
determining malignant bone and soft tissue tumour treat-
ment efficacy have been established, with no clear stand-
ards for postoperative chemotherapy administration [5,
6]. Therefore, it is imperative to develop markers that can
serve as diagnostic tools and biomarkers to determine
treatment efficacy and elucidate the underlying patho-
physiology, in order to advance disease management.

Recently, liquid biopsy has garnered interest as a non-
invasive diagnostic approach that can be performed
to analyse circulating tumour cells (CTCs) and nucleic
acids released from the tumour (circulating tumour DNA
[ctDNA], circulating tumour RNA, and extracellular
microRNA) present in body fluids, including blood and
urine. Liquid biopsy facilitates minimally invasive and
time-course monitoring using body fluid samples [7].

Previous liquid biopsy studies using blood speci-
mens and CTCs have shown that CTC detection almost
5 years after the initial diagnosis predicts late recurrence
in patients with operable hormone receptor-negative
breast cancer [8]. In non-metastatic colorectal cancer,
the detection of CTCs 2-3 years after surgery predicted
a poor prognosis [9]. However, the usefulness of liquid
biopsy in malignant bone and soft tissue tumours has not
yet been established [3, 10].

CTCs are tumour cells released from the primary
tumour site and circulating through the bloodstream,
potentially reflecting metastasis. As these cells are not
apoptotic, CTCs reflect various characteristics of tumour
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cells. However, CTCs are present at extremely low lev-
els in the peripheral blood of patients with cancer (1 cell
per 1 mL of blood). Although various detection systems
have been developed, the results are not robust [11, 12].
cfDNA is particularly useful in mutation analysis, with a
match rate of more than 70% with tissue DNA in non-
small cell lung cancer (NSCLC) [13]. However, the fusion
gene detection rate based on cfDNA is reportedly lower
than that achieved based on RNA [14, 15]. One reason
is that gene fusions usually occur in introns, which often
contain repetitive sequences, making it difficult to detect
intron fusion points with high sensitivity using DNA cap-
ture probes [16, 17].

We previously compared cfDNA and cfRNA obtained
from the blood samples of patients with lung cancer and
found that cfRNA (78%) was more effective for fusion
gene analysis than cfDNA (33%) [18].

Chromosomal translocations have been found in
approximately 30% of sarcomas, and several fusion genes
have been identified as possible causative genes [19]. If
these fusion genes can be detected as tumour-specific
factors, through both histological diagnosis and liquid
biopsy, they have the potential to serve as minimally
invasive tools for the diagnosis and monitoring of dis-
ease. Therefore, the analysis of cfRNA through liquid
biopsy may be appropriate.

In this study, we investigated whether fusion genes
detected in malignant bone and soft tissue tumour speci-
mens could be detected in blood-derived cfRNA.

Methods
Case Selection
We collected 21 specimens from 10 patients diagnosed
with Ewing’s sarcoma, myxoid liposarcoma, or syno-
vial sarcoma at Juntendo University Hospital. Patients
undergoing biopsy or surgery from whom a specimen
could be obtained and all tumours that tested positive
for EWSRI::FLI1, FUS:DDIT3, or $518:S5X1 through
RT-PCR were considered potentially eligible. Those
lost to follow-up or whose diagnosis was changed were
excluded. Ewing’s sarcoma, myxoid liposarcoma, and
synovial sarcoma were diagnosed based on the histologi-
cal and immunohistochemical characteristics of samples
collected via tissue biopsy or surgery. Using tissue RNA,
all tumour samples were confirmed to contain tissue-spe-
cific fusion genes. Blood samples were collected before
surgery or chemotherapy and again after chemotherapy.
Blood samples (10—15 mL) were collected in blood col-
lection tubes (EDTA-2 K) and centrifuged within 1 h
after collection. Only plasma samples were used as speci-
mens; they were centrifuged and stored at —80 °C.

All patients underwent tumour imaging and sub-
sequent assessment every 3—-6 months until disease
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progression. The tumour response to treatment was also
evaluated. Ewing’s sarcoma was treated using VDC-IE
therapy (comprising vincristine, doxorubicin, cyclo-
phosphamide, ifosfamide, and etoposide) or doxoru-
bicin (DOX) monotherapy [20]. Myxoid liposarcoma was
treated with either AI therapy (which consists of doxoru-
bicin and ifosfamide) or DOX monotherapy [21]. Syno-
vial sarcoma was treated exclusively with Al therapy [22].
The study protocol was approved by the Ethics Commit-
tee of Juntendo University Hospital (approval no. E22-
0181-HO1). Written informed consent was obtained from
all patients. All procedures involving human participants
were performed in accordance with the ethical standards
of the Institutional Research Committee, the 1964 Decla-
ration of Helsinki, and subsequent revisions or equivalent
ethical standards.

RNA Extraction from Tumour Tissue and Fusion Gene
Diagnosis

RNA was extracted from 2 mm? frozen or formalin-fixed
paraffin-embedded (FFPE) surgical specimens using an
RNeasy Plus Mini Kit or RNeasy FFPE Kit (QIAGEN,
Germany).

To identify the breakpoint of fusion genes in each sur-
gical specimen, RNA quality was first determined using
NanoDrop Lite (Thermo Fisher Scientific, Waltham,
MA, USA), and total RNA was reverse-transcribed using
SuperScript IV VILO Master Mix (Thermo Fisher Scien-
tific). Reverse transcription polymerase chain reaction
(RT-PCR) was performed using Go Tag G2 Green Master
Mix (Promega Corp., Madison, W1, USA) at an anneal-
ing temperature of 50 °C and 30 cycles using primer pairs
for EWSRI::FLI1, FUS::DDIT3, and SS18:SSX1 (primer
sequences are outlined in Additional file 1).

The samples generated via RT-PCR were subjected to
Sanger sequencing to identify fusion gene breakpoints.

Extraction and RT-PCR of cfRNA

cfRNA was extracted from approximately 4-5 mL of
whole plasma using the Quiq-cfRNA Serum and Plasma
Kit (Zymo Research, Irvine, CA, USA). For RNA qual-
ity evaluation, RIN value and DV200 of the cfRNA were
measured using a 4150 TapeStation (Agilent Technolo-
gies, Santa Clara, CA, USA). Two microliters of extracted
RNA was reverse-transcribed to cDNA using the Gen-
Next RamDA-seq Single Cell Kit (TOYOBO, Japan) and
NSR Primer Set for humans (TOYOBO). The resulting 9
uL of template cDNA was PCR-amplified using Go Tag
G2 Green Master Mix (Promega Corp.), and the same
primer pairs were used for fusion gene detection in tis-
sue samples. The samples generated via RT-PCR were
subjected to Sanger sequencing to identify fusion gene
breakpoints.
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A breakpoint was defined when at least 10 bases were
identified between the breakpoints.

Statistical analysis

Graphs were generated and analysed using Prism Ten
software (GraphPad). Statistical significance was deter-
mined using a two-tailed unpaired t-test, with p values
less than 0.05 being considered significant.

Results

Protocol for Identifying Fusion Genes in Malignant Bone
and Soft Tissue Tumours

The sensitivity of fusion gene analysis using cfRNA
depends on cDNA synthesis efficiency. Therefore, the
process from cDNA synthesis to RT-PCR was optimised.
An amplicon-based method was used to enrich the target
fusion points via PCR amplification with specific prim-
ers, which required less input cDNA. Figure 1 shows
an overview of the proposed cfRNA-based fusion gene
detection assay. The GenNext RamDA-seq Single Cell Kit
(TOYOBO) was used for cDNA synthesis.

Clinical Information and Amount of RNA Extracted for Each
Patient

The characteristics of the 10 patients included in the
study are listed in Table 1. Clinical information for
each patient, the presence or absence of a fusion gene,
the amount of cfRNA extracted from plasma, and its
RIN and DV200 values are shown in Additional file 2.
The mean+SD of RIN and DV200 of the cfRNA were
4.56 £0.84 and 60.78 +7.82, respectively. These data are
presented separately for Ewing’s sarcoma, myxoid lipo-
sarcoma, and synovial sarcoma samples in Additional
file 3. The relationship between patient status (naive/pro-
gressive disease [PD] vs. no evidence of disease [NED]/
stable disease [SD]/partial response [PR]) and cfRNA col-
lection was examined; however, no significant difference
in cfRNA vyield according to patient status was observed
(Additional file 4a).

Detection of Fusion Genes in Plasma cfRNA

Of the 21 cfRNA samples validated, 47.6% (10/21 sam-
ples) contained fusion genes (Table 2). Fusion genes were
detected in 57.1% (4/7 samples) of Ewing’s sarcoma, 50%
(6/12 samples) of myxoid liposarcoma, and 0% (0/2 sam-
ples) of synovial sarcoma samples.

Fusion genes were detected in 0% (0/2 samples) of
Stage III and 80% (4/5 samples) of Stage IV Ewing’s sar-
coma samples; 60% (3/5 samples) of Stage II, 25% (1/4
samples) of Stage III, and 67% (2/3 samples) of Stage IV
myxoid liposarcoma samples. Both synovial sarcoma
samples were from Stage II patients, with neither reveal-
ing breakpoints. Fusion genes were found in 100% (5/5
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samples) of Ewing’s sarcoma and myxoid liposarcoma
Stage IV cases that were at naive or progressive disease
status (Fig. 2).

Fusion Gene Detection by Tumour Diameter

Of the untreated tumours, 40% (2/5 samples) were
between 50 and 100 mm, 50% (1/2 samples) were
between 100 and 200 mm, and 33.3% (1/3 samples)
were >200 mm in diameter. No significant association of

tumour size with fusion gene detection rate was found
(Additional file 4b).

Evaluation of Quality by Specimen Type

We analysed four cases of myxoid liposarcoma using
available residual samples. Three cases (#4, #5, and #8)
were examined using frozen tissue, while an FFPE sam-
ple was used in one case (#7). The cfRNA comparison

samples used consisted of the four samples in which the
fusion gene could be identified. No significant difference
was detected between cfRNA and frozen samples; how-
ever, a difference was observed between cfRNA and FFPE
(Additional files 5 and 6).

Case-Specific Findings

In this study, we show the relationship between cfRNA
fusion gene expression and clinical status in three cases
of Ewing’s sarcoma, six cases of myxoid liposarcoma, and
one case of synovial sarcoma.

Case 2 was of a patient with Ewing’s sarcoma (Stage
IV), who had spinal and brain metastases before treat-
ment. The primary tumour was in the right iliac bone.
Fusion genes were detected in the blood before treat-
ment and up to the end of two courses of chemo-
therapy (one course doxorubicin alone and one course
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Table 1 Demographic and clinicopathologic characteristics of
the 10 patients enrolled in the study

Feature No. of patients (N=10)
Median age, years (range) 38.2 (20-65)
Sex, N (%)
Male 7 (70)
Female 3(30)
T-stage, N (%)
1 0(0)
2 10 (100)
N-stage, N (%)
X 0(0)
0 10 (100)
1 0(0)
M-stage, N (%)
0 7 (70)
1 3(30)
Clinical or pathologic stage, N (%)
| 0(0)
Il 4 (40)
Il 3(30)
v 3(30)
Fusion genes in tissue, N (%)
EWSRI:FLIT 3(30)
FUS:DDIT3 (60)
$518:55X1 1(10)
Initial treatment, N (%)
Operation 5 (50)
Chemotherapy 5(50)
Radiation 0(0)

vincristine—ifosfamide). After three courses of vincris-
tine—ifosfamide, the primary tumour shrank, and the
fusion gene was temporarily undetectable. After another
course of vincristine—ifosfamide, the disease worsened
rapidly, and the fusion gene was detected again. The
identified fusion was of EWSRI exon 7 and FLII exon 6
(Fig. 3a and b).

Three myxoid liposarcoma cases (4 and 8) were of
Stage II disease, and case 5 was of Stage III disease. Case
4 involved a soft tissue tumour of the left knee, diag-
nosed as a myxoid liposarcoma through needle biopsy,
for which extensive tumour excision was planned. Fusion
genes were detected in blood collected during surgery.
The gene fusion was of FUS exon 7 and DDIT3 exon 2
(Fig. 3c). The fusion genes were re-identified after four
chemotherapy courses (Fig. 3d). Currently, the disease
course is being followed. Case 5 involved a right femo-
ral soft tissue tumour, diagnosed as myxoid liposarcoma
through needle biopsy. No fusion gene was detected in
the blood sample collected during surgery. However, a
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fusion of FUS exon 5 and DDIT3 exon 2 was detected in
the blood before postoperative chemotherapy (Fig. 3e).
One course of doxorubicin—ifosfamide was adminis-
tered, after which liver metastases developed. The fusion
gene was still detected after three courses of doxoru-
bicin—ifosfamide; however, it was no longer detect-
able after radiofrequency ablation of liver metastases
(Fig. 3f). Case 8 involved a soft tissue tumour in the left
thigh, diagnosed as myxoid liposarcoma through needle
biopsy. Wide resection of the tumour was planned, and
although no fusion gene was detected in the preopera-
tive blood sample, it was detected in the blood after one
course of postoperative doxorubicin—ifosfamide. The
fusion genes identified were FUS exon5 and DDIT3 exon
2 (Additional file 7a). Two additional courses of doxoru-
bicin—ifosfamide were administered, with no evidence of
recurrence to date (Additional file 7b). Case 7 involved
Stage IV myxoid liposarcoma found in the left thigh and
diagnosed through needle biopsy. Metastases to the chest
wall and liver were present. Fusion genes were detected
before chemotherapy (the treatment of choice, given the
Stage IV status). The fusion genes identified were FUS
exon 5 and DDIT3 exon 2 (Additional file 7c and 7d).

Based on needle biopsy, a soft tissue tumour arising
from the back of the hand in Case 10 was diagnosed as
synovial sarcoma. To preserve hand function to the
greatest extent possible, two courses of doxorubicin—ifos-
famide were administered as preoperative chemotherapy,
followed by wide resection of the tumour. Blood sam-
ples were collected during surgery, which revealed no
fusion genes. Three courses of doxorubicin—ifosfamide
were administered postoperatively, with no fusion genes
detected in postoperative blood samples.

Discussion

Guardant Reveal " has been used clinically for early
cancer detection and post-treatment recurrence risk
assessment and recurrence monitoring. However, its
indications are limited to lung, breast, and colorectal can-
cers, with no clinical application in sarcoma. We sought
to develop an assay that could determine the histological
type of sarcoma and evaluate disease status by identifying
fusion genes through liquid biopsy. This approach could
serve as an adjunct diagnostic tool for the detection of
micrometastases that cannot be detected using diagnos-
tic imaging after surgery. Fusion genes were identified in
10 samples from 6 cases. The fusion gene detection rate
in the blood was 100% at naive or progressive disease sta-
tus in patients with Stage IV disease.

The amount of extracted cfRNA and efficiency of
cDNA synthesis are directly related to fusion gene detec-
tion in specimens. Reverse transcription with random
displacement amplification (RT-RamDA), which enables
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Detection rate of each sarcoma
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Naive or PD
(n=5)

I

Stage Il Stage IV Stage Il
(n=2) (n=5) (n=5)
0%

Stage III
(n=4)

l I
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(n=3)
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Fig. 2 Sensitivity of fusion gene detection for each tumour and cancer stage. In Ewing'’s sarcoma, the fusion transcript was detected only in Stage
IV specimens. In myxoid liposarcoma, the fusion transcript was detected in Stage I, Ill, and IV specimens. The detection rate was 100% in Stage IV

specimens at the time of naive and progression disease status

c¢DNA synthesis from trace amounts of RNA according
to the protocol for fusion gene detection assays estab-
lished by Hasegawa et al. [18], was used in the present
study. The GenNext RamDA-seq Single Cell Kit (TOY-
OBO) uses reverse transcription primers without com-
mon sequences, enabling cDNA synthesis without bias
and analysis of even difficult-to-detect genes (rare genes
and highly degraded genes), thereby suppressing cDNA
synthesis from rRNA, enabling a higher amplification of
target cDNA and the detection of low amounts [23].

When designing the original primers for breakpoint
detection, we set a relatively short amplicon size of
approximately 140 bp, which may be less affected by frag-
mented samples.

Sanger sequencing was performed as opposed to next-
generation sequencing to confirm the breakpoints. Sanger
sequencing is highly reliable for DNA read accuracy
and facilitates accurate determination of the breakpoint
and target gene. It has the potential to provide immedi-
ate confirmation of results in clinical practice. Addition-
ally, DNA-based analysis requires the creation of primers
suitable for long-distance introns, which is a complicated
process. With the RNA-based method, fusion genes can
be easily identified by focusing only on the exons. If this
technique is effective in producing panels of multiple sar-
coma fusion gene primers, it could potentially become a
valuable diagnostic tool in the future.

The breakpoint of the fusion gene was found in four
samples from two cases of Ewing’s sarcoma and in six

samples from four cases of myxoid liposarcoma. No
fusion genes were detected in synovial sarcomas. In
past reports, the fusion gene thought to be derived from
cfRNA has been detected in the blood of patients with
Ewing’s sarcoma [24]. The method involved RT-qPCR
for the identification of fusion genes. We identified the
exact sequence of fusion genes via Sanger sequencing.
In one case of Ewing’s sarcoma where a fusion gene was
not detected, the localised sarcoma progressed with-
out metastasis. In the two cases in which fusion genes
were detected, these were presumably detected in blood
cfRNA with the occurrence of metastasis. The subse-
quent detection of the fusion gene upon worsening of
the patient’s clinical condition further supports this pos-
sibility. For Ewing’s sarcoma, the ability to assess cfRNA
in the blood may aid in the evaluation of treatment for
metastasis.

To our knowledge, no previous report has described
the cfRNA-based detection of fusion genes in patients
with myxoid liposarcoma. In one case where the fusion
gene was not detected preoperatively, it was detected in
the blood cfRNA 7 months after surgery and postopera-
tive radiation therapy. During this period, no metasta-
ses were detected on imaging; however, liver metastases
were detected during subsequent follow-up. This find-
ing suggests that blood cfRNA may be more sensitive for
detecting metastases than imaging evaluation.

No fusion gene was detected in blood cfRNA of the
patient with synovial sarcoma before treatment or after
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Fig. 3 Clinical cases.a EWSR1 (exon7):FLIT (exoné) fusion gene identified from blood samples using Sanger sequencing. b Case 2: A 20-year-old
man with Ewing’s sarcoma of the pelvis presented with metastases in the thoracic spine and brain. The fusion gene was detected in blood

at the beginning of treatment and disappeared in response to treatment. The fusion gene was detected again as the disease worsened. ¢ FUS (exon
7):DDIT3 (exon 2) fusion gene identified from blood samples using Sanger sequencing. d Case 4: A 37-year-old woman with myxoid liposarcoma

of the left knee. Prior to operation, the tumour was of Stage II. Extensive resection was performed. The fusion gene was detected in a preoperative
blood sample and in a blood sample after four courses of chemotherapy (Al), but no evidence of recurrence was found. e FUS (exon5):DDIT3
(exon2) fusion gene identified from blood samples using Sanger sequencing. f Case 5: A 57-year-old man with myxoid liposarcoma of the right
thigh. Prior to operation, the patient had a Stage Ill disease, and no fusion genes were detected in the preoperative blood sample. Extensive
resection was performed, and the fusion gene was detected in the blood just before starting postoperative chemotherapy, with liver metastasis
detected in a subsequent examination. After radiofrequency ablation for liver metastasis, the fusion transcript was not detected in the blood

extensive tumour resection and chemotherapy. It has is possible that the fusion transcript had not yet dis-
been reported that 13% of patients with synovial sar- seminated into the blood [22]. The detection rate
coma have distant metastases at diagnosis. In this case, of S518::SSX1/2 in the blood circulation is reportedly low
as metastases were not detected before treatment, it and thus markers other than tumour type-specific fusion
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transcripts should be considered [25]. Future validation
is expected to also reveal sarcomas that are more suitable
for fusion gene detection in the blood.

The potential clinical utility of CTCs and ctDNA in
sarcoma has been reported. In a study of sarcoma using
ctDNA, a correlation was found between the allele frac-
tion of ctDNA and responses to combined immunother-
apy and local cryotherapy for unresectable or metastatic
soft-tissue tumours [26]. Other studies have reported
that HK2, as a metabolic function-related marker, is an
indicator for CTC detection in sarcomas, showing high
consistency between prediction and clinical results in
post-treatment evaluation and disease-free survival [27].
Blood monitoring holds considerable potential in sar-
coma. However, CTC-based detection of EWS:FLII
fusion transcripts in Ewing’s sarcoma and SS18::S5X1 in
synovial sarcoma has shown lower sensitivity [25, 28].
Plasma cfDNA sequencing in patients with advanced
NSCLC showed relatively high sensitivity for detecting
gene mutations but low sensitivity for gene fusions [13].
Utilising cfRNA, the technique used in this study is sim-
ple and has potential to reveal disease status. The ben-
efit of postoperative chemotherapy for sarcomas such as
myxoid liposarcomas has not been clearly defined, and
the first choice of treatment is extensive resection. Cur-
rently, chemotherapy is administered prophylactically
at the physician’s discretion, with consideration of age,
social background, pathology, and other factors. Accord-
ing to a recent report, systemic inflammatory indices play
a remarkable role in patients with sarcoma. This study
suggests that these indices may serve as prognostic mark-
ers for STS and highlights the importance of the lympho-
cyte-to-monocyte ratio (LMR) as a potential predictor of
trabectedin treatment efficacy. Future validation of multi-
ple biomarkers, including cfRNA, will be crucial to eluci-
date their clinical relevance and potential use in sarcoma
management [29]. The identification of sarcoma-related
factors in the blood can be an indicator for earlier post-
operative chemotherapy than the detection of recurrent
metastases by imaging diagnostics, enabling treatment
initiation at the appropriate time.

This study had some limitations. Blood samples were
collected according to treatment timing. However, owing
to the limited amount of blood collected at one time,
increasing the amount of extracted RNA by increasing
the blood collection volume was challenging. This was a
single-centre study, and involved issues such as the small
sample size and the variability in sample collection tim-
ing. This was a pilot study, and further verification at
other facilities is needed to validate the efficacy of the
protocol.

In some cases of Naive and PD, fusion genes have not
been identified from cfRNA. Although the verification
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of RIN was only conducted in a limited number of cases,
there was no significant difference between frozen tis-
sue and cfRNA, whereas there was a difference in quality
when compared with FFPE. Even with poor RNA qual-
ity, such as in the case of FFPE, fusion genes can still be
detected. One possible issue that may arise from the ina-
bility to identify cfRNA is the PCR amplification bias of
non-tumour RNA present in the plasma. In the future, it
will be necessary to develop methods for cDNA synthe-
sis and PCR that can effectively amplify small quantities
of tumour-derived RNA. Additionally, further validation
of our findings is imperative because malignant bone and
soft tissue tumours are rare cancers, resulting in a small
cohort.

Conclusions

In conclusion, we showed that cfRNA can be used to
detect sarcoma-specific fusion genes from liquid biop-
sies. Although some studies have used CTCs and ctDNA
as biomarkers for monitoring disease status in patients
with sarcoma, this approach is particularly effective in
detecting fusion genes with high sensitivity, and may
further assist in determining the most appropriate treat-
ment strategy.
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