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Development and Validation of Novel
Nomograms for Predicting Specific Distant
Metastatic Sites and Overall Survival
of Patients With Soft Tissue Sarcoma
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Abstract
Purpose: The goal of this study is to construct nomograms to effectively predict the distant metastatic sites and overall survival
(OS) of soft tissue sarcoma (STS) patients. Methods: STS case data between 2010 and 2015 for retrospective study were
gathered from public databases. According to the chi-square and multivariate logistic regression analysis determined independent
predictive factors of specific metastatic sites, the nomograms based on these factors were consturced. Subsequently, combined
metastatic information a nomogram to predict 1-, 2-, and 3-year OS of STS patients was developed. The performance of models
was validated by the area under the curve (AUC), calibration plots, and decision curve analyses (DCA). Results: A total of 7001
STS patients were included in this retrospective study, including 4901 cases in the training group and the remaining 2,100 patients
in the validation group. Three nomograms were established to predict lung, liver and bone metastasis, and satisfactory results have
been obtained by internal and external validation. The AUCs for predicting lung, liver, and bone metastases in the training cohort
were 0.796, 0.799, and 0.766, respectively, and in the validation cohort were 0.807, 0.787, and 0.775, respectively, which means
that the nomograms have good discrimination. The calibration curves showed that the models have high precision, and the DCA
manifested that the nomograms have great clinical application prospects. Through univariate and multivariate COX regression
analyses, 8 independent prognosis factors of age, grade, histological type, tumor size, surgery, chemotherapy, radiatiotherapy and
lung metastasis were determined. A nomogram was then constructed to predict the 1-, 2-, and 3-years OS, which has a good
performance in both internal and external validations. Conclusion: The nomograms for predicting specific metastatic sites and
OS have good discrimination, accuracy and clinical applicability. The models could accurately predict the metastatic risk and
survival information, and help clinical decision-making.
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Background

Soft tissue sarcoma (STS) is a heterogeneous solid tumor that

originates from the mesenchyme of the mesoderm; it is rela-

tively rare and accounts for 1% of all adult malignant tumors.1

In 2019, more than 12,000 new cases and more than 5,000

deaths from STSs were reported.2,3 A unique feature of STS

is that the outcome is strongly influenced not only by the
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histological grade of the tumor of origin but also by its histolo-

gical subtype, which is an important variable affecting metasta-

sis and outcome. STSs are a complex, heterogeneous tumor

family, and more than 50 different subtypes have been identi-

fied.4 The common subtypes include fibrosarcoma, leiomyosar-

coma, liposarcoma, malignant fibrohistiocytoma, malignant

peripheral nerve sheath tumor (MPNST) and others. STSs have

a tendency to metastasize in the early stage, as approximately

one-third of patients who had no signs of metastasis at diagnosis

developed metastasis during the treatment period.5 Nearly half

of STS patients will eventually develop distant metastatic dis-

ease.6 Once metastatic disease is detected, STS is almost incur-

able, and the treatment plan tends to consist only of palliative

chemotherapy.7,8 In this case, the survival rate of STS patients

drops sharply, and the median survival is only approximately 1

year.6 Achieving the early prediction of distant metastasis or

even specific metastatic sites would be of great importance for

optimal treatment selection and improved prognosis.

Table 1. Characteristics of Soft Tissue Sarcoma Patients.

Characteristics Number(%)

Age (yrs)

�60 3886 (55.5%)

>60 3115 (44.4%)

Race

White 5603 (80.0%)

Black 766 (10.9%)

Other 632 (9.0%)

Sex

Female 3020 (43.1%)

Male 3981 (56.8%)

Grade

I 2155 (30.7%)

II 1885 (26.9%)

III 2318 (33.1%)

IV 643 (9.1%)

Primary site

head, face, neck 414 (5.9%)

upr limb, shoulder 944 (13.4%)

lower limb, hip 3214 (45.9%)

heart, thorax abdomen pelvis trunk, NOS 2429 (34.6%)

Histological type

fibrosarcoma 721 (9.6%)

leiomyosarcoma 892 (11.9%)

liposarcoma 1566 (21.0%)

malignant fibrohistiocytoma 422 (5.6%)

malignant peripheral nerve sheath tumor 237 (3.1%)

synovial sarcoma 382 (5.1%)

Other 2781 (37.3%)

T stage

T1 2097 (29.9%)

T2 4904 (70.0%)

N stage

N0 6718 (95.9%)

N1 283 (4.0%)

M stage

M0 6358 (90.8%)

M1 643 (9.1%)

Tumor size (mm)

<50 1849 (26.4%)

[50-100] 2369 (33.8%)

>100 2783 (39.7%)

lymph nodes

0 6718 (95.9%)

100 244 (3.4%)

120 2 (<0.1%)

150 1 (<0.1%)

800 36 (0.5%)

Surgery

Yes 6472 (92.4%)

No 529 (7.5%)

Radiotherapy

Yes 3555 (50.7%)

No 3446 (49.2%)

Chemotherapy

Yes 1622 (23.1%)

No 5379 (76.8%)

Lung metastasis

Yes 407 (5.8%)

No 6594 (94.1%)

(continued)

Table 1. (continued)

Characteristics Number(%)

Liver metastasis

Yes 90 (1.2%)

No 6911 (98.7%)

Bone metastasis

Yes 138 (1.9%)

No 6863 (98.0%)

Brain metastasis

Yes 16 (0.2%)

No 6985 (99.7%)

Insurance status

Yes 6771 (96.7%)

No 230 (3.2%)

Marital status

Married 3928 (56.1%)

Unmarried 1887 (26.9%)

Divorced 1186 (16.9%)

Table 2. Chi-Square Analysis of the Presence of Different Metastatic

Sites of Soft Tissue Sarcoma.

Lung metastasis Liver metastasis Bone metastasis

Characteristics w2 P-value w2 P-value w2 P-value

Age 3.736 0.053 0.005 0.946 3.707 0.054

Race 6.405 0.041 5.381 0.068 1.797 0.407

Sex 2.848 0.091 1.005 0.316 2.486 0.115

Grade 99.749 <.001 8.843 0.003 21.52 <.001

Primary site 4.825 0.185 30.233 <.001 31.658 <.001

Histological

type

97.464 <.002 43.973 <.001 17.733 0.007

T stage 62.11 <.003 8.736 0.003 7.373 0.007

N stage 194.096 <.004 39.267 <.001 112.359 <.001

Tumor size 59.474 <.005 7.305 0.026 5.801 0.055

Insurance

status

0.01 0.921 0.361 0.548 1.39 0.238

Marital status 8.915 0.012 1.226 0.542 9.531 0.009
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The prognosis of patients with advanced STS is not ideal,

and the median overall survival (OS) is less than 2 years.9 And

due to the heterogeneity of STSs, 2 patients who differ only in

histological subtype may have very different prognoses. In

addition, although the widely used American Joint Committee

on Cancer (AJCC) TNM staging system represents the gold

standard for classification system of STSs, criticisms of its

limitations are still emerging.10 Hence, a highly accurate and

widely applicable tool for predicting the metastatic site and

survival rate is urgently needed. As a personalized and intuitive

mathematical graphic score for prognosis, the nomogram has

been widely used in medical prediction analyses. However,

most of the current nomograms quantify only the overall sur-

vival or cancer-specific survival (CSS) of patients and do not

predict the probability and location of tumor metastasis or

include treatment and demographic information, which is not

conducive to their clinical application.

Therefore, we aim to predict potential STS metastatic sites

through 3 convenience nomograms based on the information

from the Surveillance, Epidemiology, and End Results (SEER)

database and provide a more accurate model for predicting OS

that would help clinicians involved in clinical treatment and

patient care.

Methods

Patients Selection

From 2010 to 2016, demographic and clinicopathological data of

the 22247 STS cases were extracted from the SEER database

Table 3. Multivariate Logistic Regression of the Presence of Different Metastatic Sites of Soft Tissue Sarcoma.

Lung metastasis Liver metastasis Bone metastasis

Characteristics HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

Age 0.235 - 0.493

�60 1 1

>60 0.841 (0.633-1.119) 0.235 0.843 (0.517-1.374) 0.493

Race 0.134 0.126 -

White 1 1

Black 1.268 (0.875-1.838) 0.209 1.291 (0.897-1.860) 0.169

Other 0.699 (0.427-1.146) 0.156 0.714 (0.436-1.170) 0.181

Sex 0.087 - -

Female 1

Male 1.260 (0.967-1.643) 0.087

Grade <.001 <.001 0.002

I-II 1 1 1

III-IV 2.718 (1.820-4.057) <.001 2.677 (1.792-4.000) <.001 2.676 (1.421-5.038) 0.002

Primary site - 0.847 <.001

head, face, neck 1 1

upr limb, shoulder 1.215 (0.594-2.487) 0.593 1.212 (0.278-5.282) 0.797

lower limb, hip 1.322 (0.700-2.498) 0.390 1.578 (0.451-5.513) 0.475

heart, thorax abdomen pelvis trunk 1.287 (0.680-2.434) 0.438 4.072 (1.210-13.702) 0.023

Histological type <.001 <.001 0.387

fibrosarcoma 1 1 1

leiomyosarcoma 1.920 (1.068-3.454) 0.029 1.853 (1.028-3.342) 0.040 2.108 (0.690-6.439) 0.191

liposarcoma 0.153 (0.062-0.378) <.001 0.158 (0.064-0.392) <.001 0.996 (0.297-3.337) 0.994

malignant fibrohistiocytoma 0.790 (0.367-1.700) 0.547 0.772 (0.360-1.658) 0.507 0.784 (0.169-3.637) 0.756

MPNST 1.243 (0.576-2.686) 0.579 1.431 (0.669-3.063) 0.356 1.222 (0.286-5.208) 0.787

synovial sarcoma 2.334 (1.226-4.443) 0.010 2.555 (1.358-4.809) 0.004 1.883 (0.541-6.549) 0.320

Other 1.189 (0.694-2.036) 0.529 1.213 (0.708-2.079) 0.482 1.221 (0.422-3.533) 0.712

T stage 0.027 0.031 0.270

T1 1 1 1

T2 3.164 (1.142-8.765) 0.027 3.072 (1.107-8.519) 0.031 3.102 (0.415-23.187) 0.270

N stage <.001 <.001 <.001

N0 1 1 1

N1 5.234 (3.624-7.558) <.001 5.675 (3.929-8.195) <.001 6.574 (3.836-11.269) <.001

Tumor size (mm) 0.003 0.007 0.610

<50 1 1 1

[50-100] 1.319 (0.437-3.980) 0.624 1.306 (0.433-3.938) 0.635 0.484 (0.061-3.804) 0.490

>100 2.092 (0.684-6.398) 0.195 2.007 (0.656-6.136) 0.222 0.580 (0.071-4.712) 0.610

Marital status 0.608 - 0.164

Married 1 1

Unmarried 1.101 (0.813-1.490) 0.536 1.494 (0.920-2.427) 0.104

Divorced 0.893 (0.615-1.298) 0.553 0.825 (0.414-1.645) 0.586
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(https://seer.cancer.gov/). This retrospective study was free from

ethical review because the unidentified data were obtained from

the publicly available SEER database. The inclusion criteria of

STS patients were as follows: (1) The histological diagnosis of

STS was the primary tumor (2) Patients’ tumor grading and

staging information was complete. (3) Patients’ survival infor-

mation was clear or follow-up was completed. The exclusion

criteria were as follows: (1) Only diagnosed as sarcoma with no

further histological subtype classification. (2) Cancer staging

not based on AJCC seventh edition. (3) Incomplete or unknown

treatment information, (4) Missing of specific metastatic sites,

such as lung, liver, bone and brain. (5) Absence of personal

information, such as insurance and marital status.

Variables Declaration

Combined with the size, category and characteristics of the

data, drawing on the experience of previous study, information

Figure 1. Three nomograms based on independent significant risk factors for predicting the probability of lung (A), liver (B) and bone (C)

metastasis.
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was analyzed and some variables were appropriately adjusted.

Some continuous variables were cast to categorical variables,

such as age (>60years,�60 years) and tumor size (<50 mm, 50-

100 mm, >100 mm). For some categorical variables, we made

the following adjustments due to their more subdivided cate-

gories. Primary site of the tumor was divided into 4 categories:

head and neck, upper extremities, lower extremities and trunk.

We defined other races out of white and black as others. His-

tologic subtypes were grouped as follows: fibrosarcoma, leio-

myosarcoma, liposarcoma, malignant fibrohistiocytoma,

MPNST, synovial sarcoma and others. Marital status was sub-

divided as married, unmarried, and divorced (widows

included).

Statistical Analysis

R software (www.r-project.org, version 4.0.2) and the SPSS

25.0 software were applied for the all statistical analyses, with

P-values < 0.05 considered statistically significant. Demo-

graphics and clinicopathological information were summar-

ized with statistics. By using R software, all patients involved

in the study were randomly divided into training and valida-

tion sets. Analyze the relationship between the variable and

the specific distant metastatic sites with the chi-square test.

Significantly related variables confirmed in the chi-square

test were included in the further multivariate logistic regres-

sion analysis. Hazard ratio (HR) was calculated to quantify

the effect of each predictor on lung, liver and bone metastasis,

and variables with statistically significant were identified as

independent predictors. Then, by integrating the predictors of

specific metastasis sites separately, the nomograms for pre-

dicting the possibility of lung, liver and bone metastasis in

STS patients were developed. Next, including the lung, liver

and bone and brain metastasis and survival information, uni-

variate and multivariate COX regression analyses were

devoted to ascertain the independent prognostic factors, and

then the nomogram for predicting 1-, 2-, and 3-year OS of

STS patients was constructed.

The training dataset was used to develop nomograms and

internal validation, and the validation dataset was used to vali-

date the performance of the model from the external. 1000 boot-

strap samples for internal validation to prevent over-fitting. In

order to evaluate the prediction performance of the nomo-

grams, testing was carried out from 2 aspects of discrimination

and calibration. The receiver operating characteristic (ROC)

curves for predicting lung, liver, and bone metastasis were

produced to test the discrimination ability over different sites,

and the ROC curves at 1, 2 and 3 year were made to examine

Figure 2. The receiver operating characteristic (ROC) curves of the nomograms of predicting STS patients’ lung (A), liver (B) and bone (C)

metastasis in the training group; the ROC curves of the nomograms of predicting STS patients’ lung (D), liver (E) and bone (F) metastasis in the

validation group.
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the discrimination ability over time. The area under curve

(AUC) was calculated, which is equivalent to the concordance

index (C-index) to quantify the discrimination of nomograms.

The predictive accuracy was visually evaluated through cali-

bration curves to compare the consistency between model pre-

dictions and observed results. In addition, decision curve

analysis (DCA) was performed to assess the clinical utility of

nomograms in the training and validation groups. A higher net

benefit within a wide threshold range indicates that the model

has more potential in clinical applications.

Result

Patient Characteristics

After screening through the application of inclusion and exclu-

sion criteria, 7,001 STS patients from the SEER database were

included retrospectively. The patients were randomly divided

into a training group and validation group in a ratio of 7:3 by R

software; a total of 4,901 patients were included in the training

group, and the remaining 2,100 patients were in the validation

group. In the whole cohort, the mean follow-up time (survival

months) was 34.87 + 22.17 months. More than 55% of

patients were younger than 60 years old. The majority of

patients were white (80.03%, n ¼ 5603), and 56.86% were

male. Regarding the statistics on treatment information, the

numbers of patients receiving surgery, radiotherapy and che-

motherapy were 6,472 (92.44%), 3,555 (50.78%) and 1,622

(23.17%), respectively.

Metastasis Pattern

A total of 643 patients with specific distant metastatic disease

accounted for 9.1% of the entire collection. The specific meta-

static site distribution was as follows: lung metastasis (5.8%, n

¼ 407); liver metastasis (1.2%, n¼ 90); bone metastasis (1.9%,

n ¼ 138); and brain metastasis (0.2%, n ¼ 16). The character-

istics of the STS patients are shown in Table 1.

Development of Nomograms for Specific Distant
Metastatic Sites

The chi-square analysis revealed some variables associated

with the specific metastatic sites, including race, tumor grade,

tumor primary site, histological type, T stage, N stage, tumor

size and patient marital status, as shown in Table 2. After

multivariate logistic regression analysis was performed on

these important variables, independent predictors of different

Figure 3. The calibration curves of the nomograms for predicting lung (A), liver (B) and bone (C) in the training group; the calibration curves of

the nomograms for predicting lung (D), liver (E) and bone (F) in the validation group.
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specific distant metastatic sites were identified, and the detailed

results of the analysis are listed in Table 3. Finally, 5 indepen-

dent risk factors were confirmed to be significantly related to

lung metastasis of STS, including tumor size, T stage, N stage,

tumor grade and histological type. Similarly, with the excep-

tion of tumor size, the other 4 independent risk factors men-

tioned above were significantly associated with liver

metastasis. Moreover, N stage, tumor grade and tumor primary

site were determined as independent risk predictors of STS

bone metastasis. By integrating the above independent predic-

tive indicators, nomograms for predicting specific metastatic

sites (liver, lung and bone) were constructed and are shown in

Figure 1.

Validation of Nomograms for Specific Distant Metastatic
Sites

The internal validation of the model indicated that the C-index

of the nomograms for predicting lung, liver and bone metas-

tases was 0.796, 0.799, and 0.766, respectively. External vali-

dation through the validation cohort showed that the AUCs of

the nomograms for lung, liver and bone metastasis prediction

were 0.807, 0.787 and 0.775, respectively. The AUCs for lung,

liver and bone metastases in the training and validation cohorts

are illustrated in Figure 2. Moreover, the calibration curves of

predictive lung, liver, and bone metastasis nomograms in the

training and validation groups are listed in Figure 3 and show

no obvious differences from the ideal line, which demonstrates

that the models’ predictions correspond closely to reality. As

shown in Figure 4A and 4B, DCAs showed that under a wide

range of threshold probabilities, our nomograms yielded higher

net benefits in predicting STS lung metastasis. Similarly,

nomograms for predicting liver or bone metastatic sites also

had high clinical utility (Figure 4 C-F).

Establishment and Validation of the Nomogram for
Predicting OS

In the univariate Cox regression analysis, 9 variables with a P-

value <0.05, including age, tumor grade, histological type,

tumor size, patient marital status, surgery, chemotherapy,

radiotherapy and lung metastasis, were regarded as important

prognostic variables and were included in further analysis.

Then, 8 independent prognostic factors related to OS of STS,

including age, tumor grade, histological type, tumor size, sur-

gery, chemotherapy, radiotherapy and lung metastasis, were

identified by multivariate Cox regression analysis (Table 4).

The nomogram of 1-, 2-, and 3-year OS for STS patients is

depicted in Figure 5. In the training set, the C-index of the

nomogram for OS was 0.710, and the calibration curves

Figure 4. Decision curve analysis (DCA) for the nomograms of predicting lung (A), liver (B) and bone (C) in the training group; DCA for the

nomograms of predicting lung (D), liver (E) and bone (F) in the validation group.
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Table 4. Survival Analysis of Patients With Soft Tissue Sarcoma.

Characteristics

Univariate analyses

HR (95% CI) P-value

Multivariate analyses

HR (95% CI) P-value

Age

�60 1 1

>60 1.792 (1.405-2.286) <.001 1.488 (1.094-2.024) 0.011

Race

White 1

Black 1.273 (0.918-1.765) 0.149

Other 0.727 (0.441-1.196) 0.209

Sex

Female 1

Male 1.117 (0.873-1.427) 0.379

Grade

I-II 1 1

III-IV 1.025 (1.007-1.044) 0.006 1.029 (1.010-1.049) 0.003

Primary site

head, face, neck 1

upr limb, shoulder 1.064 (0.532-2.128) 0.861

lower limb, hip 0.982 (0.540-1.784) 0.952

heart, thorax abdomen pelvis trunk 0.977 (0.540-1.767) 0.939

Histological type

fibrosarcoma 1 1

leiomyosarcoma 1.158 (0.650-2.064) 0.618 0.860 (0.473-1.564) 0.621

liposarcoma 0.991 (0.455-2.158) 0.981 0.994 (0.435-2.272) 0.989

malignant fibrohistiocytoma 3.029 (1.472-6.234) 0.003 2.712 (1.288-5.709) 0.009

MPNST 1.494 (0.710-3.142) 0.290 1.712 (0.786-3.733) 0.176

synovial sarcoma 0.871 (0.461-1.645) 0.670 1.075 (0.543-2.129) 0.835

Other 1.053 (0.618-1.796) 0.848 0.993 (0.567-1.740) 0.980

T stage

T1 1

T2 1.379 (0.899-2.116) 0.141

N stage

N0 1

N1 1.120 (0.829-1.512) 0.460

Tumor size (mm)

<50 1 1

[50-100] 1.099 (0.677-1.785) 0.701 1.138 (0.690-1.877) 0.611

>100 1.639 (1.029-2.613) 0.038 1.768 (1.085-2.880) 0.022

Insurance status

No 1

Yes 0.936 (0.481-1.820) 0.845

Marital status

Married 1 1

Unmarried 0.790 (0.604-1.033) 0.085 0.937 (0.694-1.265) 0.672

Divorced 1.441 (1.019-2.038) 0.039 1.041 (0.718-1.511) 0.830

Surgery

No 1 1

Yes 0.494 (0.387-0.632) <.001 0.442 (0.340-0.574) <.001

Radiatiotherapy

No 1 1

Yes 0.588 (0.459-0.752) <.001 0.574 (0.443-0.743) <.001

Chemotherapy

No 1 1

Yes 0.665 (0.516-0.855) 0.002 0.620 (0.455-0.844) 0.002

Lung metastasis

No 1 1

Yes 1.622 (1.186-2.218) 0.002 1.562 (1.115-2.186) 0.009

Liver metastasis

No 1

Yes 1.069 (0.769-1.487) 0.690

(continued)
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illustrated no obvious deviation between the prediction and the

actual outcomes, based on which the developed nomogram was

judged to have good discrimination and prediction abilities in

the internal validation. Similarly, in the validation group, the c-

index of the OS nomogram was 0.703, signifying that the pre-

dictivity of the nomogram was accurate. The OS predicted by

the nomogram of 1-, 2-, and 3 years matched the actual obser-

vations, which suggests that the nomogram has satisfactory

confidence in different time spans (Figure 6 A-F). DCA

showed that if the threshold probability is more than 20% in

the first year in the training group (20% from 70% in the

validation group), the nomogram to predict the probability

yields more net benefits. There are also good net benefits in

the second and third year, which means that our nomogram for

OS has good applicability.

Discussion

Despite the increasing understanding of STS, treatment is still

an insurmountable challenge due to the overall rarity and com-

plexity of STS. Currently, the direction of cancer treatment has

changed to improve prognosis. If the OS of patients or even the

specific metastatic site can be accurately predicted, clinicians

will be better able to develop appropriate treatment plans for

STS patients.

In this study, we developed not only 3 nomograms that can

predict specific distal metastatic sites but also a nomogram for

the 1-, 2-, and 3-year survival probability of STS patients.

These nomograms were proven to have satisfactory discrimi-

nation power and accuracy in both internal and external valida-

tions and can be regarded as a simple and reliable forecasting

tool. DCA shows that these nomograms have greater net ben-

efits under a broader threshold, which indicates that the models

can be routinely used in clinics to assist physicians in predict-

ing the metastatic sites and prognoses of STS patients.

A prospective study of 951 STS patients showed that histo-

logical subtype is an independent predictor of metastatic dis-

ease.11 Similarly, a study based on patients in the sarcoma

group of the French Cancer Center found that synovial sarcoma

and leiomyosarcoma had a high risk of developing into meta-

static disease.12 Similarly, we determined that histological type

is an independent predictor of lung metastasis and liver metas-

tasis and that synovial sarcoma and leiomyosarcoma are the

subtypes with the highest scores for predicting lung metastasis

and liver metastasis, respectively. The reason for this outcome

may be that histological differentiation can create different

biological characteristics of the sarcomas, and metastasis is

Figure 5. The nomogram for predicting the overall survival of patients with soft tissue sarcoma.

Table 4. (continued)

Characteristics

Univariate analyses

HR (95% CI) P-value

Multivariate analyses

HR (95% CI) P-value

Bone metastasis

No 1

Yes 0.833 (0.627-1.106) 0.207

Brain metastasis

No 1

Yes 1.912 (0.982-3.723) 0.056

Tu et al 9



mainly related to the biological characteristics of the lesion.

Komdeur et al.13 proposed that 70% of patients with high-grade

STS will develop metastases, which was much higher than for

low-grade STS. According to our nomograms for predicting

lung, liver and bone metastasis, patients with high-grade STS

suffered a higher risk of metastasis and thus a worse prognosis.

A previous study asserted that large tumor size was an adverse

predictor of distant spread.14 According to the seventh edition

of the AJCC staging criteria, the tumors are divided into stages

T1 and T2 based on the maximum tumor diameters with a

cutoff of 5 cm, and they are also divided into stages N1 and

N0 according to the presence or absence of regional lymph

node metastasis. A high-grade T stage indicates a larger tumor

and deeper infiltration, which may increase the risk of sarcoma

cells entering vessels. Tumor size and T stage were embedded

in the nomograms in the present study because they have a

significant influence in predicting the lung and liver metastases

of STSs. Interestingly, we found that tumor size was indeed

significantly correlated with lung and liver metastasis of soft

tissue sarcoma, but no similar correlation was found for bone

metastasis. Similar results were reported by Younis et al.15

Moreover, the nomogram of bone metastasis shows that these

predictive factors, histology grade, N stage and primary site,

were related to the development of bone metastasis, which is in

Figure 6. The calibration curves of the nomogram for predicting overall survival at 1-(A), 2-(B) and 3- years(C) in the training group; the

calibration curves of the nomogram at 1-(D), 2-(E) and 3 years(F) in the validation group; decision curve analysis (DCA) of the nomogram at 1-

(a), 2-(b) and 3 years(c) in the training group; DCA of the nomogram at 1-(d), 2-(e) and 3-years(f) in the validation group.
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line with their conclusions. Patients with lymph node metasta-

sis but not synchronized distant metastases are rare, accounting

for only approximately 2% of all STS patients.16 David et al.17

supported the notion that lymph node positivity is a predictive

sign of biological aggressiveness and distant metastasis. In the

nomograms for predicting specific metastatic sites, especially

lung metastasis and bone metastasis, higher N stage scores are

associated with metastasis, indicating that patients with posi-

tive lymph nodes suffer a higher risk of distant metastasis.

Lung metastasis is a predictive sign of poor prognosis in

terms of OS. This conclusion has also been verified by Nabeel

et al. They reported a remarkable drop in the cure rate of STS

patients with pulmonary metastasis, and the long-term survival

rates are even less optimistic.18 Ferguson et al. reported similar

findings in previous studies, and they found that the 5-year

survival rate of patients with lung metastasis is less than

10%.19 In the last stages of life, as the average life expectancy

increases, the risk of emerging cancers grows exponentially.20

It is worth noting that in cancer patients, advancing age is a

poor prognostic signal for OS because approximately 70% of

cancer deaths occur in individuals over 65 years old. In this

investigation, age was an independent prognostic factor, and

older patients had a worse prognosis. This may be attributable

to the fact that old-age-related complications affect their qual-

ity of life or even threaten their lives. Another reason may be

that they are at greater risk of deleterious effects when receiv-

ing treatments such as systemic chemotherapy and surgery. To

date, apart from age, many studies have also found that histo-

logical type, tumor grade and tumor size have important effects

on the prognosis of STSs,21-25 which is concordant with our

conclusion. Based on our Cox regression analysis, we found

that these indicators were significant independent predictors of

OS.

Common clinical treatment methods for soft tissue sarcoma,

including surgery, radiotherapy and chemotherapy, are all con-

firmed by our OS nomogram as independent prognostic indi-

cators. For diseases without metastasis, the widely accepted

strategy is surgery combined with or without adjuvant radio-

therapy.26,27 Some studies have shown that even for patients

with metastases (such as lung and liver metastases), active

surgical treatment can still achieve a good survival rate.28-31

As either a supplement to surgery or a type of palliative treat-

ment, radiotherapy can effectively relieve pain in STS

patients.19 In a study of 9068 retroperitoneal STS patients,

Nussbaum et al.32 indicated that surgery combined with adju-

vant radiotherapy can improve patient survival in comparison

to surgery alone. A multicenter retrospective study involving

8249 patients concluded that radiotherapy and surgery as inde-

pendent parameters have significant predictive value for the

prognosis of STS patients,33 consistent with our experience.

Chemotherapy is an important treatment for patients who can-

not tolerate the conditions of surgery.34 However, the effect of

chemotherapy on improving OS in primary STS is a long-

standing controversy. The most impressive experiments by

Frustaci et al.35 proved that the OS of patients receiving adju-

vant chemotherapy was significantly improved. Grobmyer

et al. suggest that neoadjuvant chemotherapy can improve

cancer-specific survival by slowing the progression of metas-

tasis.36 Moreover, a considerable number of patients with

advanced STS can survive in the long term after receiving

anthracycline chemotherapy and may even be completely

cured.37 Overall, our nomogram indicated that these 3 conven-

tional treatments are beneficial to the survival of STS patients.

In recent years, many studies on the prognosis of STS have

been launched. Some researchers reported that their nomo-

grams can provide patients with more individualized and accu-

rate treatment strategies than traditional methods. However,

some studies had not taken into consideration the influence

of the treatment-related factors or the combining of metastasis

and clinicopathological information, and some was unable to

predict specific metastasis, which may greatly affect the sur-

vival of STS patients. Moreover, as far as we know, we have

constructed the first nomogram to predict the specific metas-

tasis sites of soft tissue sarcoma, which take a step further than

only predicting the occurrence of distant metastasis. For exam-

ple, clinicians can easily evaluate the risk of lung metastasis by

calculating the scores of 5 variables: tumor size, T and N

stages, grade and histological type. With the nomogram, the

prognosis of patients with high risk of lung metastasis can get

effectively improved, to whom examinations of specific sites

are supposed to be enhanced and more targeted treatment can

be provided. Similarly, for patients with low risk metastasis,

certain preventive measures can be reduced to lessen the the

risk of side effects and economic burden.

Inevitably, there are several limitations in the present study

that should be mentioned. First, although as much relevant

information as possible is included, since this is a retrospective

study, there are still some selection biases that cannot be

avoided. Second, some key information in the SEER database

is missing, such as the specific surgery performed, radiotherapy

methods used, surgical margin status, chemotherapy drugs

administered, biological marker status, etc. Finally, there were

unfortunately too few samples with brain metastases to develop

a nomogram. Therefore, future data collection should be more

detailed and comprehensive to reduce biases, and more data

should be collected in a wider range of patients and over a

longer time period to establish a nomogram of brain metastasis.

In addition, to further validate our nomograms, prospective

studies should be performed.

Conclusions

The nomograms constructed based on a retrospective study of

more than 7000 cases is used to predict specific metastasis sites

and OS, with good discrimination, accuracy and clinical applic-

ability. The models could accurately predict the metastatic risk

and survival information and help clinical decision-making.
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