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A 3-DNA methylation signature as a novel
prognostic biomarker in patients with sarcoma by

bioinformatics analysis

Xiao-Wei Wang, MM?, Qi Sun, MDP, Shi-Bin Xu, MD®, Chao Xu, MM®, Chen-Jie Xia, MD®, Qi-Ming Zhao, MB?,
Hua-Hui Zhang, MD?, Wei-Qiang Tan, MD', Lei Zhang, MD?®, Shu-Dong Yao, MM™"

Abstract N\
Background: Tumor-specific DNA methylation can potentially be a useful indicator in cancer diagnostics and monitoring. |
Sarcomas comprise a heterogeneous group of mesenchymal neoplasms which cause life-threatening tumors occurring throughout
the body. Therefore, potential molecular detection and prognostic evaluation is very important for early diagnosis and treatment.

Methods: \We performed a retrospective study analyzing DNA methylation of 261 patients with sarcoma from The Cancer Genome
Atlas (TCGA) database. Cox regression analyses were conducted to identify a signature associated with the overall survival (OS) of
patients with sarcoma, which was validated in a validation dataset.

Results: Three DNA methylation signatures were identified to be significantly associated with OS. Kaplan—Meier analysis showed
that the 3-DNA methylation signature could significantly distinguish the high- and low-risk patients in both training (first two-thirds)
and validation datasets (remaining one-third). Receiver operating characteristic (ROC) analysis confirmed that the 3-DNA methylation
signature exhibited high sensitivity and specificity in predicting OS of patients. Also, the Kaplan—-Meier analysis and the area under
curve (AUC) values indicated that the 3-DNA methylation signature was independent of clinical characteristics, including age at
diagnosis, sex, anatomic location, tumor residual classification, and histological subtypes.

Conclusions: The current study showed that the 3-DNA methylation model could efficiently function as a novel and independent
prognostic biomarker and therapeutic target for patients with sarcoma.

Abbreviations: AUC = area under curve, OS = overall survival, ROC = receiver operating characteristic, TCGA = The Cancer
Genome Atlas.
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1. Introduction arise from virtually any location throughout the body and

comprise >50 histological subtypes./*! According to the type of
Sarcomas are a diverse group of mesodermal malignancies  tissue of primary manifestation, sarcomas can be grouped into 2
occurring at all ages, and are relatively rare, accounting for <1%  generalized groups: soft tissue sarcoma (liposarcoma, fibrosar-
of all adult cancers in the United States.!'! These malignanciescan  coma, undifferentiated pleomorphic sarcoma, leiomyosarcoma,
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and rhabdomyosarcoma) and bone sarcoma (osteosarcoma and
chondrosarcoma).®! This histological heterogeneity makes
sarcomas extremely difficult to accurately diagnose and treat.
Therefore, they are quite deadly due to frequently delayed
diagnosis and advanced disease at presentation. Assessment of
patients prior to therapy may aid in forming a risk-adapted
approach and guide the development of future personalized
treatment strategies. Molecular biomarkers have been proven to
be of great prognostic value for tumors, as they can provide more
information and insight into the mechanisms of tumorigenesis.*!
Consequently, it is urgent to identify effective prognostic
biomarkers for accurate prognosis and targeted therapy in
sarcoma patients.

DNA methylation is an epigenetic modification that is closely
connected with gene expression regulation,”®! and its signatures
have great potential to become routine clinical cancer biomarkers
due to their sensitivity, specificity, and ease of analysis.'®! The
methylation at particular subsets of CpG islands has been the
main focus for research in recent years. DNA methylation is
highly concentrated in the CpG islands within the promoter
region of genes, and is strongly related to the silence of tumor
suppressor genes and subsequent oncogenesis.l”! Moreover,
epigenetic alterations, such as aberrant DNA methylation have
great utility for cancer diagnosis in the early stage due to several
advantages over other molecular markers, including their
appearance early in tumorigenesis'”*®l; wide distribution in the
tumor tissue!®; and consistency across a larger genomic region,
so that multiple CpG dinucleotides can be used for detection.!”!
Therefore, tumor methylation research offers eminently practical
perspectives for revealing potential diagnostic biomarkers in
order to improve the survival rate. There have been numerous
studies recently on DNA methylation as a biomarker for
diagnosis and treatment guidance for some sarcoma types.!'*"
121 However, the relationship of DNA methylation with sarcoma
patients prognosis has not been fully elucidated.

In the present study, we constructed, verified, and evaluated a
novel 3-DNA methylation signature that effectively predicted
cancer prognosis based on data of sarcoma patients derived from
The Cancer Genome Atlas (TCGA) database. We explored the
potential clinical significance of DNA methylation signatures
serving as molecular prognostic biomarkers using the Kaplan—
Meier method and receiver operating characteristic (ROC)
analyses. Furthermore, we investigated the independence and
reproducibility of identified DNA methylation biomarkers in
different clinical subgroups.

2. Materials and methods

2.1. DNA methylation data from sarcoma tissues taken
from TCGA dataset

We downloaded processed DNA methylation data based on
Infinium Human Methylation 450 BeadChip (Illumina Inc., CA)
and related clinical information on sarcoma patients from TCGA
dataset (https://protal.gdc.cancer.gov/).['3! Ethical approval was
not necessary for this study because public datasets were
analyzed. DNA methylation level was expressed as a ratio
termed B value, measured in terms of methylated probe intensities
relative to the sum of the methylated and unmethylated probe
intensities for each CpG site. The standardized B values ranged
from O (completely unmethylated) to 1 (completely methylated).
Any sarcoma patients with missing clinical survival information
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were excluded from this study. The relationship between DNA
methylation level at a particular CpG site and the patients’
corresponding survival of sarcoma was analyzed. Eventually, 261
samples with 374,796 DNA methylation sites were included for
analysis. All included samples were randomly divided into 2 parts
according to the DNA methylation series number: two-thirds
were used as the training dataset for constructing the prognostic
model, and one-third was used as the validation dataset to verify
the accuracy of the model in predicting survival of sarcoma.

2.2. Statistical analyses

Overall survival (OS) was defined as the time from the date of a
patient’s first diagnosis to the date of sarcoma-related death or
last follow-up. We first performed univariate Cox proportional
hazard analysis and robustness analysis in the training dataset to
screen methylation biomarkers that were significantly associated
with OS of sarcoma as candidate biomarkers (P<.05). To
increase the feasibility and reliability of clinical prognosis based
on DNA methylation, we also performed robustness analysis to
select these candidate biomarkers. Then, we used multivariate
Cox stepwise regression analysis to further select the factors
correlated with patient OS and constructed models comprising all
combinations of factors that were screened from the candidate
biomarkers as covariates. The model weighted by regression
coefficients was defined as a risk score formula and was used to
predict survival. The prognostic risk score for each patient was
calculated according to this formula and these patients in the
training group were classified into low- and high-risk groups
using the median risk score as a demarcation point. To explore
whether the hazard ratio (HR) was constant over time, we also
verified the proportional hazards (PH) assumption.!'* Subse-
quently, we used Kaplan-Meier curves with log-rank test to
calculate the cumulative survival time and evaluate the differ-
ences in OS between high- and low-risk groups. Furthermore, we
assessed the risk scores for utility in predicting patient OS using
the area under the receiver operating characteristic (ROC) curve
(AUC). The last step was to identify whether the DNA
methylation signatures were an independent factor, by perform-
ing data stratified analysis. All statistical analyses were carried
out using the R Program (version 3.6.1).

3. Results

3.1. Clinical characteristics of included patients

A total of 261 patients clinically and pathologically diagnosed
with sarcoma were included in this study. Among these patients,
there were 119 men (45.60%) and 142 women (54.41%). The
age of these patients ranged from 20 to 90years with a median
age of 61years, and median overall survival (OS) was 550 days.
The tumor histologic classification was assigned according to the
type of tissue of primary manifestation. In the present study, we
divided the histologic type of sarcomas into the following
categories: dedifferentiated liposarcoma, leiomyosarcoma, myx-
ofibrosarcoma, undifferentiated pleomorphic sarcoma (UPS),
pleomorphic malignant fibrous histiocytoma (MFH)/undifferen-
tiated pleomorphic sarcoma, giant cell MFH/undifferentiated
pleomorphic sarcoma with giant cells, synovial sarcoma,
malignant peripheral nerve sheath tumor (MPNST), and desmoid
tumor. Anatomic sites were varied and included upper extremity,
lower extremity, upper abdomen, lower abdomen, chest, head
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Clinicopathological characteristics of sarcoma patients from TCGA database.

Total (N=261)

Training dataset (N=157) Validation dataset (N=104)

Characteristics Groups No. % No. % No. %
Gender Male 119 45.60 70 44.59 49 4712
Female 142 54.41 87 55.41 55 52.88
Age at diagnosis Median 61 61 60
Range 20-90 20-90 24-90
>55 173 66.28 104 66.24 69 65.71
<55 88 33.72 53 33.76 36 34.29
Subtypes Dedifferentiated liposarcoma 59 22.61 38 24.20 21 20.19
Leiomyosarcoma 105 40.23 68 43.31 37 35.58
Myxofibrosarcoma 25 9.58 15 9.55 10 9.62
UPS 21 8.05 10 6.37 11 10.58
MFH 29 1.1 15 9.55 14 13.46
Giant cell MFH 1 0.38 0 0 1 0.96
Synovial sarcoma 10 3.83 6 3.82 4 3.85
MPNST 9 3.45 5 3.18 4 3.85
Desmoid tumor 2 0.77 0 0 2 1.92
Anatomic location” Upper extremity 12 4.62 7 4.49 5 4.81
Lower extremity 73 28.08 41 26.28 32 30.77
Upper abdomen 99 38.08 59 37.82 40 38.46
Lower abdomen 16 6.15 8 513 8 7.69
Chest 13 5.00 8 513 5 4.81
Head and neck 5 1.92 4 2.56 1 0.96
Ovary 1 0.38 1 0.64 0 0
Uterus 29 11.15 19 12.18 10 9.62
Superficial trunk 12 4.62 9 5.77 3 2.88
Tumor residual” RX 26 10.00 17 10.90 9 8.65
RO 155 59.62 89 57.05 66 63.46
R1 70 26.92 44 28.21 26 25.00
R2 9 3.46 6 3.85 3 2.88
Vital status Alive 185 70.88 110 70.06 75 7212
Dead 76 29.12 47 29.94 29 27.88

MFH=malignant fibrous histiocytoma, MPNST =malignant peripheral nerve sheath tumor, UPS=undifferentiated pleomorphic sarcoma.
Two patients (barcodes: TCGA-SI-A71P, TCGA-RN-AAAQ) were missing values for “Anatomic location” and “Tumor residual”, respectively. Thus, only 260 patients were included in the “Anatomic location” and

“Tumor residual” groups.

and neck, ovary, uterus, and superficial trunk. Tumor residual
disease was classified into RX, R0, R1, and R2 according to
American Joint Committee on Cancer (AJCC) R classification.
The clinical characteristics of all patients are summarized in
Table 1.

3.2. Identification of prognostic DNA methylation markers
in the training dataset

To explore the clinical role of DNA methylation biomarkers in
sarcoma patient prognosis, we first identified 35,499 DNA
methylation sites that were significantly (P <.05) associated with
the OS of sarcoma patients to serve as candidate biomarkers
using univariate Cox proportional hazard regression analysis.
Moreover, 16 DNA methylation sites were selected from these
candidate biomarkers after robustness analysis (Table 2).
Next, we performed multivariate Cox stepwise regression
analysis and 3 methylation sites (cg07814289, cg09494609, and
cg14144025) were ultimately screened as the optimum prognos-
tic model for predicting the OS of patients with sarcoma
(Table 3). As shown in Fig. 1A, all 3 methylation sites had
positive coefficients, indicating a correlation between hyper-
methylation levels and short OS. We were thus able to establish a
risk scoring formula for predicting OS based on the DNA
methylation levels and regression coefficients of 3 methylation

site results, as follows: Risk score=0.025xp value of
cg07814289 +0.021 x B value of cg09494609+0.015 x B value
of cg14144025. Importantly, the 3-DNA methylation signature

Top 16 DNA methylation sites significantly associated with the OS
of sarcoma patients in the training dataset.

Probe ID Hazard. ratio 95% ClI P value
€g00187535 1.03 1.01-1.04 .001379
cg07814289 1.03 1.02-1.05 .000165
€g08462924 1.04 1.02-1.06 .000472
908473330 1.02 1.01-1.03 .000283
€g09347923 1.08 1.03-1.13 .000718
€g09494609 1.03 1.02-1.04 .000001
€g09501372 1.05 1.03-1.07 .000035
€g09588555 1.05 1.03-1.08 .000006
cg14144025 1.03 1.01-1.04 .000079
915963326 1.02 1.01-1.03 .000057
cg16316162 1.03 1.02-1.04 .000001
919340420 1.02 1.01-1.03 .000012
cg19357499 1.04 1.03-1.06 .000001
924738592 1.04 1.03-1.05 .000001
€g24937735 0.97 0.96-0.99 .000007
925958857 1.03 1.02-1.04 .000001

0S=overall survival.
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Three significantly survival-related methylation sites in the training dataset.

Probe ID Chromosomal location Gene symbol GGl coordinate Feature type P value” Coef.” P value’
cg07814289 chr9:128218781-128218782 DNM1 ¢chr9:128218621-128219038 Island .000165 0.025 015839
£g09494609 chr12:53054396-53054397 RP11-983P16.4 chr12:53054224-53054622 Island .000001 0.021 .000257
cg14144025 chr4:13535009-13535010 LINCO1097 chr4:13536022-13536349 N_Shore .000079 0.015 023773

* Robustness analysis.
" Multivariate Cox regression analysis.

(cg07814289: P=.64, cg09494609: P=.87, cgl14144025: P Furthermore, we observed the distribution of all patients’
=.34) showed agreement with the proportional hazards (PH)  status, and the results showed that there were many more deaths
assumption (Fig. 1B). All patient data from TCGA was divided  in the high-risk group than in the low-risk group (Fig. 1D). As
into low-risk and high-risk groups according to the median of the ~ shown in the heatmap, the 3 DNA methylation levels were up-

risk score (Fig. 1C). regulated with increasing risk score (Fig. 1E). Meanwhile, for
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Figure 1. Risk score analysis of the 3-DNA methylation signature of sarcoma. (A) Forest plots of the 3-DNA methylation signature; all 3 methylation sites had
positive coefficients. (B) The test of proportional hazards (PH) assumption based on Schoenfeld residuals; the residuals of the 3-DNA methylation signature are
time-independent. (C) Distribution of high and low risk scores of 3 DNA methylation sites over entire TCGA dataset (N=261). (D) Survival time and status of patients
based on the high and low risk scores of 3 DNA methylation sites over entire TCGA dataset (N=261). (E) Heatmap of the 3-DNA methylation signature in sarcoma
patients. Each column represents a patient and each row a DNA methylation site. The methylation levels of the 3 sites are displayed in different colors. From green to
red, expression gradually increases. (F) Boxplots of methylation B values in samples of patients in high- and low-risk groups in the training dataset. TCGA=The
Cancer Genome Atlas.
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Figure 2. Kaplan—Meier and ROC analyses of the 3-DNA methylation signature in predicting the OS of patients with sarcoma. Kaplan-Meier estimates of the OS for
high- and low-risk patient cohorts grouped by the 3-DNA methylation signature in the training dataset (N=157) (A) and the validation dataset (N=104) (B). (C) ROC
analysis of sensitivity and specificity of the 3-DNA methylation signature in predicting patients’ OS in the training dataset, with an AUC of 0.824. (D) ROC analysis in
the validation dataset, with an AUC of 0.681. AUC =area under curve, OS=overall survival, ROC =receiver operating characteristic.

these 3 DNA methylation sites, high-risk patients exhibited
significantly higher methylation levels (Fig. 1F) (P <.01, Mann—
Whitney U test).

3.3. Association between 3-DNA methylation signature
and OS of patients in the training and validation datasets

According to the results of multivariate Cox regression analysis,
the 3-DNA methylation signature was significantly associated
with the OS of patients (Table 2). We performed Kaplan—-Meier
analysis in both the training and validation datasets to determine
the potential predictive value of this 3-DNA methylation
signature for the prognosis of sarcoma. As expected, the survival
of patients in the high-risk group was significantly (P <.0001,
HR: 4.677, 95% confidence interval [CI] of HR: 2.497-8.759)
worse in comparison with patients in the low-risk group
(Fig. 2A). This was also confirmed in the validation dataset
(P=.0043, HR: 3.043, 95% CI of HR: 1.337-6.929) (Fig. 2B).
These results indicated that the 3-DNA methylation signature
could effectively stratify patients into high- and low-risk groups,
implying its significance for prediction of prognosis.

To evaluate the sensitivity and specificity of the 3-DNA
methylation signature in predicting survival, we calculated the
AUC values of the ROC curves through ROC analysis in both
datasets. The AUC of the 3-DNA methylation signature was
0.824 and 0.681 in the training and validation datasets,
respectively (Fig. 2C and D). These results indicated that the
3-DNA methylation signature had high sensitivity and specificity
as well as good discriminatory capacity for predicting OS of
patients with sarcoma.

3.4. Independent prognostic ability of DNA methylation
signature in OS prediction, considering other clinical
factors

We then wanted to know whether the 3-DNA methylation
signature was an independent predictor for patients with
sarcoma. Clinical and pathological characteristics, such as age,
sex, histological type, anatomic location, and tumor residual
have been considered predominant predictors for determining
prognosis of sarcoma. Age is an important determinant of
sarcoma occurrence. The mean age at diagnosis for soft tissue
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Figure 3. Kaplan—Meier and ROC analyses of sarcoma patients with different ages (A and B), genders (C and D), histological subtypes (E and F), anatomic locations
(G and H), and residual disease R classifications (| and J). Kaplan-Meier estimates of the patients’ OS and ROC curves show the sensitivity and specificity of the 3-
DNA methylation signature in predicting the patients’ OS. OS =overall survival, ROC =receiver operating characteristic.

sarcoma and malignant bone tumors was 58 and 40 years of age,
respectively, according to the data provided by the onal Center
for Health Statistics (NCHS) and surveillance, epidemiology, and
end results (SEER).I*! All patients were divided into 2 groups
based on age at initial diagnosis: <55 (N=88, 33.72%) and >55
(N=173, 66.28%). Kaplan—Meier curves showed that patients in
the high-risk group had significantly (P <.01) shorter OS, and the
AUC values were 0.863 and 0.747 respectively for the 2 age
cohorts (Fig. 3A and B), suggesting that the 3-DNA methylation
was independent of age. Meanwhile, previous research has
shown that female hormones have a potential role in sarcoma
development.™'3! Irrespective of sex, the patients in the low-risk

group had significantly (P<.01) longer OS compared with
patients in the high-risk group, and the AUC values were 0.845
and 0.729, in both male (N=119, 45.6%) and female (N=142,
54.41%) cohorts (Fig. 3C and D). As for the histological
subtypes, taking into account the number of samples, we verified
the predictive performance of the 3-DNA methylation signature
in dedifferentiated liposarcoma (N=59) and leiomyosarcoma
(N=105). The difference (P<.01) in the OS between the 2
groups was also observed, and the AUC values were 0.896 and
0.759, respectively (Fig. 3E and F). The lower extremity (Thigh/
knee, N=45) and upper abdomen (retroperitoneum, N=70)
subgroups were also included for these analyses due to small
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numbers in the other subgroups. Kaplan—-Meier and ROC
analyses demonstrated that the OS of patients in the low-risk
group was much improved (P <.01) in comparison with that of
patients in the high-risk group (Fig. 3G and H). Recent research
has highlighted the fact that the presence of residual disease is an
adverse prognostic factor."®! The present data showed that the 3-
DNA methylation signature could provide a good reference for
different residual disease groups (RO and R1) owing to the
effectiveness of risk stratification (Fig. 31 and J). All these results
indicated that the 3-DNA methylation signature was an
independent prognostic predictor for sarcoma patients.

4. Discussion

Sarcomas have considerable heterogeneity with respect to age of
onset, anatomic location, and cells of mesenchymal origin. Because
of this, sarcomas are particularly difficult to diagnose, leading to
debate surrounding the sufficiency of histological diagnosis versus
the need for ancillary molecular diagnostics.!'”) Tumor cells have a
fundamentally different DNA methylation profile from normal
original cells.”! Some of these differences do not occur in any
normal cell types and are tumor-specific.!'®! In recent years, the
importance of DNA methylation in the development of sarcoma
has been increasingly acknowledged. Previous studies have
demonstrated that DNA methylation signatures are able to
reliably assign bone sarcomas to osteosarcoma, Ewing sarcoma,
and synovial sarcoma, thereby providing a DNA-methylation-
based classifier."?! Thus, the concept of detecting epigenetic
alterations is transforming into clinical reality. TCGA database
provides a large quantity of samples with a variety of clinical
characteristics. Based on a TCGA dataset that included 261
sarcoma samples, the current study identified a prognostic
signature which contained 3 methylation sites (cg07814289,
cg09494609, and cg14144025) and corresponded to 3 genes
(DNM1, RP11-983P16.4, and LINC01097) by combining
differential methylation analysis, survival analysis, ROC analysis,
and Cox regression analysis.

Interestingly, previous studies have shown that these 3 genes are
associated with cancers. DNM1 (Dynamin 1) is located on
chromosome 9q34.11 and encodes DNMT1 that is a GTPase
involved in synaptic vesicle fission for receptor-mediated endocy-
tosis on the presynaptic plasma membrane.'” DNM1 was
discovered to be the critical protein responsible for regulating
balance fusion and fission events of mitochondria in order to adapt
mitochondrial morphology to altered physiological needs. DNM1
binds to the mitochondrial outer membrane via Fis1 and Mdv1 and
assembles into higher oligomers at the mitochondrial surface,
promoting the formation of rings and spirals that divide the
organelle in a GTP-dependent manner.”*”! Studies show that
DNM1 is a hub gene in various tumor tissues such as pediatric
medulloblastoma®  and glioblastoma Multiforme.?*'RP11-
983P16.4 is a long non-coding RNA (IncRNA) which is located
on chromosome 12. In a previous study, RP11-983P16.4 was
found to be significantly correlated with patients’ metastasis-free
survival and it can be a useful prognostic marker to predict
metastatic risk in breast cancer patients.*>'LINC01097 is also a
IncRNA that is located on chromosome 4. In human breast cancer
MCEF-7 cells, LINC01097 is highly differentially upregulated and
is associated with ribonucleoprotein (RNP) complex, which playsa
significant role in pre-mRNA processing, mRNA stability, and
translation mechanisms.'**! Although the functional mechanism of
these 3 genes still needs further elucidation, their methylation has
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prominent correlations with the prognosis of patients with
sarcoma and may serve as an effective potential diagnostic marker
and therapeutic target for sarcoma.

In the present study, our prognostic model based on 3 key
DNA methylation signatures was able to stratify patients with
sarcoma into high- and low-risk groups which exhibited
significant differences in terms of survival. The accuracy of the
prognostic model was validated by the validation dataset. Given
the molecular and genetic heterogeneity of sarcoma, we
subsequently analyzed whether the prognostic ability of the 3-
DNA methylation signature was independent of clinical
characteristics. Some factors may affect the independence of
our prognostic model. Sarcomas, especially soft tissue sarcomas,
osteosarcoma, and Ewing sarcoma, occur more frequently in
young adults and adolescents compared with other cancers.!*!
The location of the primary tumor has been discovered to be one
of the most important prognostic variables for soft tissue
sarcomas in a previous study.”®! One case-control study in
Northern Italy investigated the potential association across a
wide array of female-hormone-related factors, and indicate that
women who become pregnant with their first child at later ages
(>29years old) are at high risk for sarcomas.!'>! The tumor
residual R classification describes the tumor status following
treatment and denotes absence or presence of residual tumor after
treatment; this reflects the effects of therapy, influences further
therapeutic procedures, and is a strong predictor of prognosis./*¢!
Kaplan—Meier analysis and AUC values were thus used to assess
the age at diagnosis, sex, anatomic location, tumor residual
classification, and histological subtype independence of the 3-
DNA methylation signature in predicting patients OS. The results
show that the 3-DNA methylation signature exhibits prognostic
power for all subgroups (in which patients with sarcoma can be
further classified into high-risk and low-risk groups with
significantly different OS prospects) indicating that the 3-DNA
methylation signature is independent of clinical characteristics,
including age at diagnosis, sex, anatomic location, tumor residual
classification, and histological subtypes.

However, there are also some limitations in this study. First, we
lack information on the mechanisms behind the prognostic
ability of these 3 methylation genes in sarcoma, and additional
experimental research on these genes should provide important
data to further enhance our understanding of their functional
roles. Second, some subgroups were not included for independent
analysis due to small sample size, and the independence of these
subgroups needs further research. Finally, although we validated
our prognostic model with the validation dataset, the signature
has not been tested prospectively in a clinical trial.

In conclusion, using genome-wide analysis of DNA methyl-
ation data of 261 patients, this study shows that a 3-DNA
methylation signature is prominently associated with the OS of
patients with sarcoma. The 3-DNA methylation signature is not
only independent of clinical characteristics including age at
diagnosis, sex, anatomic location, tumor residual classification,
and histological subtypes, but also exhibits good ability in
predicting OS of patients. Therefore, the 3-DNA methylation
signature may serve as a novel independent prognostic biomarker
to predict the OS of patients with sarcoma.
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