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Clinical and molecular features of sacrum chordoma in Chinese
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Background: Chordoma is a rare malignant bone tumor with high recurrence and metastasis rates. Little
is known about the mutational process of this incurable disease. The aim of our research was to explore the
potential driver genes and signal pathways in the pathogenesis of chordoma and provide a new idea for the
study of molecular biological therapy of chordoma.

Methods: We performed whole-exome-sequencing (WES) on 8 sacrum chordoma tissue samples (matched
to peripheral blood samples that had been drawn from patients before surgery) to identify genetic alterations
in Chinese patients. We analyzed the sequencing data from known driver genes, pathway enrichment
analysis and significantly mutated genes (SMGs) after quality control of sequencing, comparison of reference
genomes, analysis of mutations and identification of somatic mutations. Immunohistochemistry staining,
Sanger sequencing and GeneChip were used to verify the related genes obtained from the analysis of
sequencing data.

Results: The driver genes Phosphatidylinositol-4,5-Bisphosphate 3-Kinase Catalytic Subunit Alpha
(PIK3CA), Phosphoinositide-3-Kinase Regulatory Subunit 1 (PIK3RI), and Phosphatase And Tensin
Homolog (PTEN) were enriched in the Phosphatidylinositol 3-kinase (PI3K)/mammalian target of
rapamycin (mTOR) signaling pathway and could be potential therapeutic targets for the treatment of sacrum
chordoma. The significantly mutated gene Claudin 9 (CLDNY) may play a critical role in the development
and progression of sacrum chordoma.

Conclusions: Collectively, our results identified the genetic signature of sacrum chordoma and could be used to

develop a potential promising therapeutic strategy for the treatment of sacrum chordoma in Chinese patients.
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Introduction

Chordoma is a rare bone tumor of the axial skeleton that
arises from remnants of the notochord. Most chordomas
occur in the skull base, sacrum, or mobile spine, and usually
occur in people aged 50-60 years old (1). The mainstay
treatment for chordoma is complete surgical resection;
radiation after surgery is also necessary for patient whose
focus is difficult to remove by surgery entirely, around
which there are many important vessels and nerves, was
difficult to entirely remove by surgery. Because of these vital
structures, chordoma has high recurrence and metastasis
rates (26.7-66.7%) that result in a poor prognosis (2).
Compared with common malignant bone tumors, chordoma
has a relatively low degree of malignancy and slow growth.
Chordoma usually has no typical clinical symptoms in the
early stage and is often diagnosed in the late stage, invading
the important anatomical structures around it. As only
limited treatment options are available, there is an urgent
need to explore effective therapeutic strategies to improve
chordoma outcomes and survival rates.

A large number of studies have shown that the T-box
transcription factor T (TBXT) gene is a key gene in
chordoma, but the expression of its coded protein,
brachyury, is not related to the prognosis of chordoma, and
currently, it can only be used as a diagnostic marker gene (3).
Previous studies have shown that deoxyribonucleic
acid (DNA) copy number alternations (CNAs), such
as Cyclin Dependent Kinase Inhibitor 2A (CDKN2A4),
Phosphatase And Tensin Homolog (PTEN), and SWltch/
Sucrose Nonfermentable Related, Matrix Associated, Actin
Dependent Regulator Of Chromatin, Subfamily B, Member
1 (SMARCBI), play key roles in the development of sacrum
chordoma (4). A recent research study based on the whole-
exome-sequencing (WES) and whole-genome-sequencing
(WGS) of chordomas (including 48 sacrum chordoma
cases) observed recurrent mutations in PI3K signaling
genes, including PIK3CA, PIK3R1 and PTEN, chromatin
modelling genes, including AT-Rich Interaction Domain
1A (ARID1A), Polybromo 1 (PBRM1I) and SET Domain
Containing 2, Histone Lysine Methyltransferase (SETD?2),
and Lysosomal Trafficking Regulator (LYST) gene (5).

With the development of next-generation sequencing
technology, novel somatic mutations of sacrum chordoma
may be able to be identified and new targeted drug therapies
developed. The exon region is an important region in the
genome that encodes proteins, accounting for about 1% of
the genome, but it contains about 85% of the pathogenic
mutations. WES is a genomic analysis method that uses
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sequence capture technology to capture and enrich the
DNA sequence of the exon region of the genome for high-
throughput sequencing. Compared with WGS, WES is
more economical and efficient and has a greater advantage
in the study of single nucleotide polymorphism (SNP) and
insertions/deletion (InDel) and a higher sequencing depth
which can find mutations that WGS cannot find (6,7).
In recent years, WES has successfully identified related
mutations in solid tumors such as leukemia, myeloma and
renal cell carcinoma (8,9). Eight patients with complete
clinical data were selected for the study. In this study, we
performed WES on 8 sacrum chordoma tissue samples
and matched peripheral blood samples from patients.
After comparing the tumor tissue with the blood tissue, we
excluded the germline mutations and obtained the somatic
mutations which were analyzed from the aspects of driver
genes, pathways enrichment and SMGs. The results of the
analysis were verified from the aspects of gene sequence
and protein expression. We obtained the gene mutational
signatures of sacrum chordoma in Chinese patients and
identified novel driver genes and pathways closely linked to
the progress of this incurable disease.

We present the following article in accordance with
the MDAR reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-21-6617/rc).

Methods
Samples and clinical data

Tumor tissues and blood were obtained from 8 patients
who underwent sacrum tumor resection surgery at the
Department of Orthopedics of The First Affiliated Hospital
of Soochow University. The tumor tissues were examined
by the Pathology Department, and blood samples were
drawn from each patient’s upper arm vein before surgery.
For detailed information on the 8 patients, see Table 1.

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved
by Ethics Committee of The First Affiliated Hospital of
Soochow University (2021 No.341) and informed consent
was taken from all the patients.

WES

Genomic DNA were extracted from the tumor samples
and matched peripheral blood and stored in liquid nitrogen
according to the standard protocols. The qualified DNAs
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Table 1 Clinical features of follow-up and selected patients

Characteristic Selected cases

Total 8
Median age (range), years 57.5 [36-71]
Gender, No. (%)

Male 5 (62.5)

Female 3(37.5)
Primary/recurring 4/4 (1:1)
Pre-surgery ECOG score, No. (%)

0 2 (25.0)

1 6 (75.0)

2 0
Post-surgery ECOG score, No. (%)

0 1(12.5)

1 2 (25.0)

2 4 (50.0)

3 1(12.5)

Immunohistochemistry expressed proteins, % (No.)

S100 75.00% (6/8)
CK 100.00% (8/8)
Vimentin 100.00% (8/8)
Ki-67 100.00% (8/8)
EMA 100.00% (7/7)
CK18 100.00% (8/8)
Ki-67 % 4 (1-15%)

Antithrombin Il activity % (range) 92.5 (67-118%)

ECOG, Eastern Cooperative Oncology Group; S100, S100
Calcium Binding Protein; CK, Cytokeratin; Ki-67, Proliferation
Marker Protein KI-67; EMA, epithelial membrane antigen; CK18,
Cytokeratin 18.

were randomly fragmented into 150-220 bp by Covaries
Sample Preparation System. The exome library was
constructed using the Agilent SureSelect Human All Exon
V6/V7, and the captured DNA library was sequenced on
the Ilumina HiSeq X Ten PE150 platform. The clean reads
acquired using FASTP were mapped to the human_glk_
v37 reference genome using Burrows-Wheeler Aligner (10).
The duplicate reads, which were produced by polymerase
chain reaction (PCR), were removed with a Picard after
converting the format using Sequence Alignment/Map
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(SAM) tools (11). The average sequencing coverage
achieved was 136 X in the tumor samples and 139 X in the
blood samples. The Genome Analysis Toolkit (GATK4)
was used to identify SNPs and INDELs (12). The test
results were annotated to a number of databases, including
the Reference Sequence database (Refseq), 1000Genoms
Project, the Exome Aggregation Consortium (EXAC),
NHLBI GO Exome Sequencing Project6500 (ESP6500),
Sorting Intolerant From Tolerant) SIFT, PolyPhen,
Catalogue Of Somatic Mutations In Cancer) COSMIC
databases, and Annovar software was used to identify the
candidate SNPs or INDELSs (13,14). To identify the somatic
mutations, the tumor tissues were aligned to the blood
samples. By comparing the tumor tissues with the peripheral
blood samples, we filtered out the germline mutations in
the blood samples and retained only the somatic mutations
identified in the tumor cells during the analysis.

Driver genes and pathways

We compared the somatic mutations to the known driver
genes, which were recorded in Cancer Gene Census, Bert
Volelstein125 (15), and 127 significantly mutated gene in The
Cancer Genome Atlas (TCGA) pan-cancer (SMG127) (16),
to screen the driver mutations in the tumor samples. We used
the PathScan of Mutational Significance in Cancer (MuSiC)
software in the enrichment pathways analysis to identify the
significantly altered pathways in which the somatic mutations
participated (17). The Kyoto Encyclopedia of Genes and
Genomes (KEGG) database was used in the analysis.

Significantly mutated genes (SMGs)

To identify the SMGs, we used MuSiC software to identify
the genes whose mutation rate was significantly higher than
the background mutation rate in the somatic mutations of
all the tumor samples.

Immunobistochemistry

The tumor tissues were fixed in 10% formalin for 6 hours
and embedded in paraffin. Conventional slices (4 pm)
were harvested on glass slides pre-treated with 2%
(3-aminopropyltriethoxysilane) APES acetone and dried
in a 60 °C oven for 1-2 hours. Immunohistochemistry
staining was performed on the slices using the BenchMark
XT automatic multi-function histopathological detection
system for the following antibodies: CDKN2A4 (SC-1661,
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1:200; Santa Cruz Biotechnology, Inc.), Calreticulin (CALR)
(SC-373863, 1:200; Santa Cruz Biotechnology, Inc.), ROS
Proto-Oncogene 1, Receptor Tyrosine Kinase (ROST) (SC-
376217, 1:100; Santa Cruz Biotechnology, Inc.), PIK3CA
(SC-8010, 1:100; Santa Cruz Biotechnology, INC),
Transcription Factor EB (TFEB) (SC-166736, 1:100; Santa
Cruz Biotechnology, Inc.), TBXT (SC-166962, 1:50; Santa
Cruz Biotechnology, Inc.), Chromodomain Helicase DNA
Binding Protein 3 (CHD3) (SC-55606, 1:50; Santa Cruz
Biotechnology, Inc.), Cut Like Homeobox 1 (CUXI) (SC-
514008, 1:50; Santa Cruz Biotechnology, Inc.). The positive
controls and negative controls of each antibody showed the
appropriate results.

Sanger sequencing

Reverse transcription PCR (RT-PCR) was performed on
1 pg of the total ribonucleic acid (RNA) to validate the
SMGs. The PCR primers were designed by Primer Premier
5.0 software (Premier Biosoft International, Palo Alto,
CA, USA). All the amplifications underwent the following
identical cycling profiles: an initial denaturation at 95 °C
for 3 min, followed by 35 cycles of 30 sec at 95 °C, 30 sec
at 58 °C, and 30 sec at 72 °C, and a final extension for
7 min at 72 °C annealing. The RT-PCR-amplified products
were purified using a QIAGEN gel extraction kit (Qiagen,
Hilden, Germany), and then sequenced using the Big Dye
Terminator cycle sequencing kit (Applied Biosystems, USA)
under the following conditions: initial denaturation at 96 °C
for 1 min and 25 cycles of 10 sec at 96 °C, 5 sec at 50 °C, and
4 min at 60 °C.

GeneChip

The genomic DNA was digested, ligated, amplified,
fragmented, and labeled using a Cytoscan Optima kit
(Thermo Fisher Company, USA), and the product was
hybridized with a Cytoscan Optima chip (containing
315,000 probes) overnight. The chip was washed and dyed
by a washing station (450Dxv.2, Thermo Fisher, USA), and
the data were collected by the Affymetrix 3000Dxv.2 chip
scanner. ChAS software was used to interpret the results.

Statistical analysis

Statistical analyses were performed using SPSS version
25.0 (SPSS, Inc., Chicago, IL, USA). Data were analyzed
by the Fisher exact tests, convolution test and likelihood
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ratio test. P<0.05 was considered to a statistically significant
difference.

Results
Patient characteristics

From 1996 to 2019, our Department in China treated
and followed up with 50 sacrum chordoma patients who
underwent targeted vessel embolization. We performed
WES on 8 sacrum chordoma tissues (4 primary tumors and
4 recurrences), all of which had matching peripheral blood
samples that had been drawn before surgery. Their clinical
characteristics of the patients are shown in Zable 1.

Somatic genomic alterations of sacrum chordoma

WES was performed on the genomic DNA of the sacrum
chordoma specimens and their matched blood specimens.
Somatic alterations, including non-synonymous mutations
(see Figure 14) and CNAs (see Figure 1B), were identified.
The somatic alterations among these patients were very
different. Patients #1 and #2 had the most abundant non-
synonymous mutations (459 and 2,509, respectively). The
other patients had non-synonymous mutations ranging from
4 to 64. Patients #3, #4, and #6 had the most abundant genes
with CNAs (>1,000). Patient #8 had the least number of
non-synonymous mutations and the least number of CNAs.
To identify the potential driver genes in sacrum
chordoma, we analyzed the cancer-related genes reported
in the Cancer Gene Census, Bert Vogelstein 125 (15), and
SMG 127 (16). In relation to the CNAs, only oncogenes
with amplification and tumor suppressor genes with
homozygous deletion were included in the genomic
profiling (see Figure 1A4). The most frequently altered
gene was B-Cell Lymphoma 9 Protein (BCLY), which was
altered in 3 patients. The other genes altered in more
than 1 patient were ARIDIA, epidermal growth factor
receptor (EGFR), Neurotrophic Receptor Tyrosine Kinase
1/3 (NTRK1/3), PIK3CA, and SETD2, but many other
cancer-related genes were also identified (see Figure 1A4).
The homozygous deletion of CDKN2A, which occurs
frequently in other chordoma cohorts (5), was only found
in 1 patient in our cohort (see Figure 14). In 1 of the 8
tumor genomes, we found the common nonsynonymous
SNP rs2305089 of the TBXT gene, which is strongly
associated with chordoma (18). The Variant allele
Frequency (VAF) values of all the related genes are shown
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Figure 1 Somatic genomic alterations of sacrum chordoma. (A) Driver landscape of the 8 sacrum chordoma specimens; (B) CNAs in
the 8 sacrum chordoma specimens. The number outside the circles indicates the number of chromosomes. In the inner circle, the blue
boxes indicate loss and the red boxes indicate amplification. The heights indicate copy numbers from 0-1 and 3-5. CNAs, copy number
alternations; BCLY, B-Cell CLL/Lymphoma 9 Protein; FCRL4, Fc Receptor Homolog 4; FLNA, Filamin-A; ARIDI1A, AT-Rich Interaction
Domain 1A; ARNT, Aryl Hydrocarbon Receptor Nuclear Translocator; CALR, Calreticulin; CCND2, Cyclin D2; CHD4, Chromodomain
Helicase DNA Binding Protein 4; CTNNA2, Catenin Alpha 2; CUX1, Cut Like Homeobox 1; EGFR, Epidermal Growth Factor Receptor;
ELK4, ETS Transcription Factor ELK4; ETV1, ETS Variant Transcription Factor 1; FAT3, FAT Atypical Cadherin 3; FBXO11, F-Box
Protein 11; FCGR2B, Fc Gamma Receptor IIb; MACCI, Metastasis-Associated In Colon Cancer Protein 1; MDM4, Mouse Double Minute
4; MUC16, Mucin 16; NTRK1, Neurotrophic Receptor Tyrosine Kinase 1; NTRK3, Neurotrophic Receptor Tyrosine Kinase; PIK3CA,
Phosphatidylinositol-4,5-Bisphosphate 3-Kinase Catalytic Subunit Alpha; PLCGI, Phospholipase C Gamma 1; ROSI, ROS Proto-
Oncogene 1, Receptor Tyrosine Kinase; SETD2, SET Domain Containing 2, Histone Lysine Methyltransferase; SETDBI, SET Domain
Bifurcated Histone Lysine Methyltransferase 1; SIRPA, Signal Regulatory Protein Alpha; TFEB, Transcription Factor EB; UBRS, Ubiquitin
Protein Ligase E3 Component N-Recognin 5; CDKN2A, Cyclin Dependent Kinase Inhibitor 2A.
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in the Table S1.

In sacrum chordoma, CNAs could be found in any
chromosome (see Figure 1B). The loss of 1 allele was
observed in almost the entire chromosomes of 3, 8, 9,
10, 14, and 18. The homozygous deletion of genes was
relatively rare in these patients. Amplifications of copy
numbers were diffusely distributed in the chromosomes and
the copy numbers increased to 3-5 copies.

Mutations in PI3K signaling genes and chromatin
modelling genes

Using KEGG, we found that the mutated genes in
these sacrum chordoma specimens were enriched in
the transcriptional mis-regulation pathway, the PI3K/
mTOR signaling pathway, and the extracellular matrix
(ECM)-receptor interaction pathway (see Figure 2A),
which have been demonstrated to play important roles in
cancer development, especially in the promotion of cell
proliferation.

Next, we analyzed the PI3K signaling genes and
chromatin modelling genes, which are related to the
above-mentioned pathways and have been reported
in chordoma (5) and diverse tumor types (19,20).
Interestingly, we found that 5 (62.5%) of the 8 patients
had at least 1 alteration in genes of the PI3K pathway,
including PTEN, PIK3CA, PIK3R1/2, AKT Serine/
Threonine Kinase 3 (AKT3), Serine/Threonine Kinase
11 (STK11), Ras Homolog, MTORCI1 Binding (RHEB),
and Regulatory Associated Protein Of MTOR Complex
1 (RPTOR) (see Figure 2B). Six patients had mutations
in 3 subfamilies of the chromatin modelling genes and
histone modification genes. These mutated genes included
the SWltch/Sucrose Nonfermentable (SWI/SNF) family
genes ARID1A, Histone Deacetylase 2 (HDAC?2), PBRM1,
the imitation switch (ISWI) family gene SMARCAS, the
CHD family genes of CHDI to CHDY, and the histone
modification genes of Enhancer Of Zeste 2 Polycomb
Repressive Complex 2 Subunit (EZH2) and SETD?2 (see
Figure 2C).

CLDN? as a potential oncogene in sacrum chordoma

"To identify the potential driver events in tumorigenesis, we
conducted a MuSiC (21) analysis of the somatic mutations
of all the tumor samples and discovered 3 SMGs; that is,
Crystallin Gamma B (CRYGB), recombinant CLDNY, and
Neuroblastoma Breakpoint Family Member 20 (NBPF20)
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(see Figure 34). Mutations in CRYGB were found in 12.5%
of the tumor samples, including 2 non-frameshift indels
(c.103_108del, p.35_36del; Variant Allen Frequency: 34%,
and ¢.110_115del, p.37_39del; Variant Allen Frequency:
35%). The recurrent mutation in CLDN?9 was found in
25% of the tumor samples, including 1 missense mutation
(c.A358G, p. T120A; Variant Allen Frequency: 7%; see
Figure 3B). Mutations in NBPF20 were found in 50% of the
tumor samples, including 1 missense mutation (c.G8194A,
p- D2732N; Variant Allen Frequency: 23%) and 1 non-
frameshift indel (c.8168_8169insGAG, p. R2723delinsRR;
Variant Allen Frequency: 14%).

Verification of related genes

The 3 SMGs were subjected to rigorous validation by
Sanger sequencing in all the related samples. The mutations
acquired from WES outcomes were compared to those
acquired from the Sanger sequencing outcomes in the 3
SMGs to confirm which recurrently mutated genes are
involved in chordoma. The CLDNY and CRYGB mutations
had the same mutations at the same point as those found in
the WES.

In order to verify the results of WES at the protein
level, we selected several relative important genes for
immunohistochemistry. The immunohistochemistry
analysis revealed that PIK3CA, CALR, CUXI, and ROS1
proteins, which were identified by WES (see Figure 1A4)
had positive stains in the corresponding tumor samples (see
Figure S1A-S1D). CALR, in particular, was positive in all
the tumor samples.

A GeneChip assay (see Figure S1E,S1F) was performed
on Patient #4, who had a relatively large number of copy
number losses/gains, and all the losses/gains identified
by the WES were verified (see Figure 14 and https://cdn.
amegroups.cn/static/public/atm-21-6617-1.xlsx). Brachyury,
which is a decisive marker of chordoma, was also positive in
all the tumor samples (see Figure S2).

Discussion

Chordoma arises from remnants of the notochord and was
first characterized microscopically by Virchow in 1857 (22).
At present, the most convincing hypothesis for the incidence
of chordoma is the discovery of a gene duplication in TBXT
gene which was expressed in almost all chordomas, but
the specific pathogenesis is still unclear. Therefore, it is of
great significance to explore the new driver genes and signal
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Actin Dependent Regulator of Chromatin, Subfamily D, Member 3; SYT1, Synaptotagmin 1; ISWI, Imitation Switch; SMARCAS, SWI/
SNF Related, Matrix Associated, Actin Dependent Regulator Of Chromatin, Subfamily A, Member 5; CHD1, Chromodomain Helicase
DNA Binding Protein 1; CHDY, Chromodomain Helicase DNA Binding Protein9; CREBBP, CREB Binding Protein; EZH2, Enhancer
of Zeste 2 Polycomb Repressive Complex 2 Subunit; HDAC?2, Histone Deacetylase 2; KDM4B/C, Lysine Demethylase 4B/C; KDM5SA/
B, Lysine Demethylase 5A/B; PRMT6/8, Protein Arginine Methyltransferase 6/8; SETD2, SET Domain Containing 2, Histone Lysine
Methyltransferase.
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Figure 3 SMGs in sacrum chordoma. (A) Heat map showing the mutation status of each gene in each sample; each column represents a

sample according to the legend in the upper left corner. The colors represent the different types of mutations; the right panel shows the

-log10 P value of each gene from large to small. (B) Domain arrangement of CLDNY and recurrent mutation T120A. (C) Simulation of
CLDNY T120A mutation based on the crystal structure of CLDNY. The purple color indicates the Thr120 in crystal structure. The blue
color indicates the mimic substitution of Ala. CLDN9, Claudin 9; Thr, Threonine; Ala, Alanine; CRYGB, Crystallin Gamma B; NBPF20,

Neuroblastoma Breakpoint Family Member 20.

pathways of chordoma besides TBXT gene.

Here, we presented a comparatively deep exploration
of chordoma patients in China from the perspective of
genomics and revealed the cancer genome of chordoma
centering on the driver landscape of somatic mutant.

By comparing with KEGG, we found that 75% of the
patients had mutations in three subfamilies of chromatin
modeling genes and histone modified genes, suggesting
that the defect of chromatin modeling genes may be one
of the driving forces for the pathogenesis of chordoma.
62.5% of the patients had at least one mutation in the PI3K
pathway. PI3K signaling pathway has been proved to play
an important role in the occurrence and development of
tumors and is a target for a variety of tumor therapies. Our
findings also provide a reasonable explanation for its use as
a target for chordoma therapy.

© Annals of Translational Medicine. All rights reserved.

CLDNY is a member of the claudin family that has
been reported to participate in the signaling pathways
linked to neoplasia and exert a mutual effect on tight
junction proteins. The overexpression of CLDNJY is
associated with the increased infiltration of pituitary
tumors (23), the invasion and metastasis of gastric
adenocarcinoma cells iz vitro (24), and the metastatic
ability of hepatocytes in vitro (25).

However, the CLDN9 T'120A substitution has not been
previously reported. We used the 3-dimensional structure of
CLDN?Y (26) to mimic the T120A point mutation and found
that it was located in 1 of the transmembrane domains, and
amino acid substitution from Threonine (Thr) to Alanine
(Ala) lost an alkyl-side-chain outside the helix surface (see
Figure 3C). This may affect its interaction with membranes
or other proteins.
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Our observation of the CALR gene which was all
positive in immunohistochemistry shows that CALR,
which plays a role in protein folding quality control and
calcium homeostasis (27), may play an important role in the
development of chordoma. Although this hypothesis needs
to be further proved, one can speculate on the biological
role of CALR in the pathogenesis of chordoma. CALR has
been found in the nucleus, indicating that it may play a role
in transcriptional regulation, and recurrent mutations of
CALR may be closely related to tumorigenesis.

With the progress of various treatments, the local
control rate of chordoma has been effectively improved.
However, the long-term survival rate is still very low, with a
5-, 10- and 20-year survival rate of 47-80%, 40% and 13 %
(2,28). Respectively, the recurrence rate of chordoma is very
high and the curative effect of surgery or re-radiotherapy
for recurrent patients is very limited. Therefore, as a new
direction of tumor therapy, molecular targeted drug therapy
has been studied by more and more scholars. Targeted
drugs can inhibit a specific molecular site or signal pathway
to inhibit the growth of tumor cells and promote apoptosis.
In summary, in our study we profiled the genomic alteration
of sacrum chordoma in Chinese patients. Our findings
could be potential therapeutic molecular targets and used to
develop a potential promising therapeutic strategy for the
treatment of sacrum chordoma.
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