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Abstract
Background: Metastatic soft tissue sarcoma (STS) patients have a poor prognosis with a 3-year survival rate of 25%. About 30% of

them present lung metastases (LM). This study aimed to construct 2 nomograms to predict the risk of LM and overall survival of STS

patients with LM. Materials and Methods: The data of patients were derived from the Surveillance, Epidemiology, and End Results

database during the period of 2010 to 2015. Logistic and Cox analysis was performed to determine the independent risk factors and

prognostic factors of STS patients with LM, respectively. Afterward, 2 nomograms were, respectively, established based on these fac-

tors. The performance of the developed nomogram was evaluated with receiver operating characteristic curves, area under the curve

(AUC) calibration curves, and decision curve analysis (DCA). Results: A total of 7643 patients with STS were included in this study.

The independent predictors of LM in first-diagnosed STS patients were N stage, grade, histologic type, and tumor size. The indepen-

dent prognostic factors for STS patients with LM were age, N stage, surgery, and chemotherapy. The AUCs of the diagnostic nomo-

gram were 0.806 in the training set and 0.799 in the testing set. For the prognostic nomogram, the time-dependent AUC values of the

training and testing set suggested a favorable performance and discrimination of the nomogram. The 1-, 2-, and 3-year AUC values

were 0.698, 0.718, and 0.715 in the training set, and 0.669, 0.612, and 0717 in the testing set, respectively. Furthermore, for the 2

nomograms, calibration curves indicated satisfactory agreement between prediction and actual survival, and DCA indicated its clinical

usefulness.Conclusion: In this study, grade, histology, N stage, and tumor size were identified as independent risk factors of LM in STS

patients, age, chemotherapy surgery, and N stage were identified as independent prognostic factors of STS patients with LM, these

developed nomograms may be an effective tool for accurately predicting the risk and prognosis of newly diagnosed patients with LM.
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Introduction

Soft Tissue Sarcoma and Lung Metastasis
Soft tissue sarcoma (STS) are malignant soft-tissue tumors that
comprise a variety of histological subtypes (such as liposarco-
mas, rhabdomyosarcoma, synovial sarcoma, leiomyosarcomas,
and fibrosarcomas) and can arise in nearly any part of the body.1

STS are predominantly located in the lower limbs, followed by
the upper limbs and trunk. Further common locations include the
head/neck region and retroperitoneal space.2 Advanced STS
often metastasizes through the bloodstream, lymphatic system,
and intraperitoneal route, which is an important reason for poor
prognosis in STS patients.3 The lung is the most frequent
organ of metastasis for STS, comprising 80% of the first site of
metastasis from STS.4 The risk of metastasis is largely driven
by tumor grade; approximately 60% of patients with high-grade
tumors will develop lung metastases (LM), with the vast majority
occurring within 2 years of primary tumor resection.5 The highest
risk tumors are those that are >5 cm in size with an intermediate
or high-grade histology.6 The reported median life expectancy
ranges from 10 to 12 months for STS patients suffering from

LM.7,8 Considering this rapid progression of high-grade STSs
prompt detection of LM may improve prognosis given therapeu-
tic interventions currently available.

Therapeutic Strategies
The gold standard for patients with localized STSs is surgical-
wide resection with oncologic margins.2,9 In contrast, STS
patients with metastatic lesions are treated by systemic
chemotherapy, radiation, and possibly with resection of the
primary tumor or metastatic lesions.10,11 Doxorubicin, the first-
line palliative chemotherapy, is recommended as a therapeutic
option for the majority of STS patients with LM.12 Pulmonary
metastasectomy is also a proven standard approach for the man-
agement of STS patients with LM, and some published studies
have indicated that 5-year overall survival (OS) ranges from
43% to 50.9% in patients following this procedure.13‐15 In addi-
tion, Matsuoka et al reported surgical resection of a primary
tumor in the extremities could improve survival for metastatic
STS patients.16 Despite efforts to improve the clinical outcome
of these patients, the prognosis remains poor.17

Figure 1. The process of patient selection and the study flow.
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Prognostic Assessment
Several published studies have assessed the LM-related risk
factors and prognostic factors of STS patients with LM,
including the number of LM, histology, stage, and location
of primary disease and pulmonary metastasectomy.8,17,18 To
date, however, there is a lack of standard predictive models
to predict risk and prognosis for STS with LM for clinicians.

The Surveillance, Epidemiology, and End Results (SEER) data-

base is the largest publicly available dataset, which collects data

from 18 cancer registries and involves approximately 30% of the

US population. Therefore, using population-based data, the

objective of this study was to develop 2 nomograms for predict-

ing LM in patients newly diagnosed with STS and the survival

rate of STS patients with LM.

Table 1. The Demographic and Clinicopathologic Information of Patients Newly Diagnosed With STS.

Variables Total set
(N= 7643)

Training set
(N= 5351)

Testing set
(N= 2292)

P value

Age(years) .252
<55 3239 (42.4%) 2245 (42.0%) 994 (43.4%)
≥55 4404 (57.6%) 3106 (58.0%) 1298 (56.6%)

Race .610
Black 831 (10.9%) 571 (10.7%) 260 (11.3%)
Othera 696 (9.1%) 494 (9.2%) 202 (8.8%)
White 6116 (80.0%) 4286 (80.1%) 1830 (79.8%)

Sex .386
Female 3312 (43.3%) 2336 (43.7%) 976 (42.6%)
Male 4331 (56.7%) 3015 (56.3%) 1316 (57.4%)

Histologic type .615
Fibrosarcoma 1276 (16.7%) 882 (16.5%) 394 (17.2%)
Hemangiosarcoma 149 (1.9%) 105 (2.0%) 44 (1.9%)
Leiomyosarcoma 934 (12.2%) 643 (12.0%) 291 (12.7%)
Liposarcoma 1942 (25.4%) 1390 (26.0%) 552 (24.1%)
MPNST 269 (3.5%) 196 (3.7%) 73 (3.2%)
Rhabdomyosarcoma 172 (2.3%) 113 (2.1%) 56 (2.4%)
Synovial sarcoma 389 (5.1%) 270 (5.0%) 119 (5.2%)
Unclassified 460 (6.0%) 311 (5.8%) 149 (6.5%)
Other 2052 (26.8%) 1438 (26.9%) 614 (26.8%)

Grade .583
Grade I 1488 (19.5%) 1052 (19.7%) 436 (19.0%)
Grade II 1470 (19.2) 1020 (19.1%) 450 (19.6%)
Grade III 19 333 (25.3%) 1335 (24.9%) 598 (26.1%)
Grade IV 2752 (36.0%) 1944 (36.3%) 808 (35.3%)

Tumor site .916
Extremity 4466 (58.4%) 3127 (58.4%) 1339 (58.4%)
Head and neck 429 (5.6%) 304 (5.7%) 125 (5.5%)
Trunk 2748 (36.0%) 1920 (35.9%) 828 (36.1%)

T stage .663
T1 2251 (29.5%) 1568 (29.3%) 683 (29.8%)
T2 5392 (70.5%) 3783 (70.7%) 1609 (70.2%)

N Stage .347
N0 7315 (95.7%) 5129 (95.9%) 2186 (95.4%)
N1 328 (4.3%) 222 (4.1%) 106 (4.6%)

Tumor size .103
<5 cm 2031 (26.6%) 1407 (26.3%) 624 (27.2%)
5 to 10 cm 2646 (34.6%) 1826 (34.1%) 820 (35.8%)
>10 cm 2966 (38.8%) 2118 (39.6%) 848 (37.0%)

Insurance status .382
Insured 7384 (96.6%) 5176 (96.7%) 2208 (96.3%)
Uninsured 259 (3.4%) 175 (3.3%) 84 (3.7%)

Marital status .825
Married 4267 (55.8%) 2983 (55.7%) 1284 (56.0%)
Unmarried 3376 (44.2%) 2368 (44.3%) 1008 (44.0%)

Abbreviations: MPNST, malignant peripheral nerve sheath tumor; STS, soft tissue sarcoma.
aAmerican Indian, Native Alaskan and Asian, Pacific Islander.
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Materials and Methods

Patient’ Population
The data of patients diagnosed with STS were downloaded from
the SEER database utilizing SEER∗Stat software (Surveillance
Research Programme, National Cancer Institute SEER*Stat
software, www.seer.cancer.gov/seerstat, version 8.3.6).

For the diagnostic cohort, the inclusion criteria were: (a)
patients diagnosed with STS between 2010 and 2015 and (b)

complete clinical data, including sex, race, age at diagnosis,
tumor site, tumor size, histology, grade, T stage, N stage,
marital, and insurance status. The exclusion criteria were (a)
the diagnosis confirmation of the patient was not histology
positive; (b) STS was not the first malignant tumor; and (c)
patients diagnosed with autopsies or death certificates. In addi-
tion, STS patients with LM who had complete treatment
information for surgery, radiotherapy, and chemotherapy,
definitive information for bone metastasis, liver metastasis,

Table 2. Logistics Regression Analysis for Risk Factors of LM in STS Patients.

Variables Univariate analysis Multivariate analysis
OR (95%CI) P value OR (95%CI) P value

Age
<55 Reference
≥55 0.97 (0.775-0.214) .793

Race
Black Reference
Othera 0.71 (0.432-1.167) .177
White 0.803 (0.574-1.122) .198

Sex
Female Reference
Male 1.073 (0.857-1.343) .54

Histologic type
Fibrosarcoma Reference
Hemangiosarcoma 2.426 (1.079-5.455) .032 2.045 (0.867-4.823) .102
Leiomyosarcoma 2.972 (1.882-4.692) <.001 2.695 (1.682-4.317) <.001
Liposarcoma 0.343 (0.185-0.634) .001 0.316 (0.164-0.609) .001
MPNST 1.749 (0.858-3.564) .124 1.24 (0.598-2.571) .563
Rhabdomyosarcoma 4.706 (2.47-8.966) <.001 2.148 (1.087-4.245) .028
Synovial sarcoma 3.815 (2.254-6.458) <.001 3.302 (1.907-5.72) <.001
Unclassified 3.73 (2.239-6.215) <.001 2.471 (1.453-4.203) .001
Other 2.874 (1.903-4.34) <.001 1.859 (1.215-2.844) .004

Grade
Grade I Reference
Grade II 2.536 (1.287-4.998) .007 1.248 (0.607-2.566) .548
Grade III 8.481 (4.658-15.444) <.001 2.706 (1.404-5.218) .003
Grade IV 8.466 (4.693-15.274) <.001 2.809 (1.467-5.377) .002

Tumor site
Extremity Reference
Head and neck 0.639 (0.352-1.159) .14
Trunk 1.148 (0.912-1.444) .241

T stage
T1 Reference
T2 5.722 (3.761-8.706) <.001

N stage
N0 Reference
N1 6.588 (4.782-9.075) <.001 4.368 (3.093-6.169) <.001

Tumor size
<5 cm Reference
5 to 10 cm 5.854 (3.507-9.771) <.001 5.444 (3.239-9.152) <.001
>10 cm 8.244 (4.998-13.6) <.001 9.8 (5.877-16.342) <.001

Insurance status
Insured Reference
Uninsured 1.324 (0.758-2.313) .324

Marital status
Married Reference
Unmarried 1.118 (0.895-1.396) .325

Abbreviations: MPNST, malignant peripheral nerve sheath tumor; STS, soft tissue sarcoma; LM, lung metastasis.
aAmerican Indian, Native Alaskan and Asian, Pacific Islander.
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and brain metastasis, and a survival time of ≥1 month formed
another prognostic cohort. The study flow diagram is shown
in Figure 1.

Study Variables
Based on the accessible data recorded in the SEER database
and published literature. Some appropriate variables were
included for the present study. Eleven variables were
extracted to identify the independent LM-related risk
factors, including age, sex, race, histologic type, grade,
tumor site, tumor size, T stage, N stage, marital status, and
insurance status. In studying the independent prognostic

Figure 2. Nomogram for predicting the risk of lung metastasis (LM) from soft tissue sarcoma (STS) patients.

Figure 3. The receiver operating characteristic curve (A), calibration curve (B), and decision curve analysis (C) of the training set; the receiver
operating characteristic curve (D), calibration curve (E), and decision curve analysis (F) of the testing set.

Figure 4. Comparison of the area under the receiver operating
characteristic curve between the nomogram and each independent
predictor in the training set (A) and the testing set (B).
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Table 3. Clinical Characteristics of STS Patients With LM.

Variables
Total set
(N= 442)

Training set
(N= 310)

Testing set
(N= 132) P value

Age(years) .666
<55 194 (43.9%) 134 (43.2%) 60 (45.5%)
≥55 248 (56.1%) 176 (56.8%) 72 (54.5%)

Race .709
Black 62 (14.0%) 41 (13.2%) 21 (15.9%)
Othera 34 (7.7%) 25 (8.1%) 9 (6.8%)
White 346 (78.1%) 244 (78.7%) 102 (77.3%)

Sex .413
Female 177 (40.0%) 128 (41.3%) 49 (37.1%)
Male 265 (60.0%) 182 (58.7%) 83 (62.9%)

Histologic type .685
Fibrosarcoma 46 (10.4%) 27 (8.7%) 19 (14.4%)
Hemangiosarcoma 9 (2.0%) 7 (2.3%) 2 (1.5%)
Leiomyosarcoma 80 (18.1%) 58 (18.7%) 22 (16.7%)
Liposarcoma 19 (4.3%) 15 (4.8%) 4 (3.0%)
MPNST 15 (3.4%) 11 (3.5%) 4 (3.0%)
Rhabdomyosarcoma 165 (37.3%) 117 (37.7%) 48 (36.4%)
Synovial sarcoma 19 (4.3%) 11 (3.5%) 8 (6.1%)
Unclassified 42 (9.5%) 30 (9.7%) 12 (9.1%)
Other 47 (10.6%) 34 (11.0%) 13 (9.8%)

Grade .856
Grade I 13 (2.9%) 8 (2.6%) 5 (3.8%)
Grade II 43 (9.7%) 29 (9.4%) 14 (10.6%)
Grade III 149 (33.7%) 104 (33.5%) 45 (34.1%)
Grade IV 237 (53.6%) 169 (54.5%) 68 (51.5%)

Tumor site .293
Extremity 255 (57.7%) 186 (60.0%) 69 (52.3%)
Head and neck 14 (3.2%) 10 (3.2%) 4 (3.0%)
Trunk 173 (39.1%) 114 (36.8%) 59 (44.7%)

T stage .576
T1 35 (7.9%) 26 (8.4%) 9 (6.8%)
T2 407 (92.1%) 284 (91.6%) 123 (93.2%)

N Stage .828
N0 361 (81.7%) 254 (81.9%) 107 (81.1%)
N1 81 (18.3%) 56 (18.1%) 25 (18.9%)

Tumor size .541
<5 cm 28 (6.3%) 22 (7.1%) 6 (4.5%)
5 to 10 cm 158 (35.7%) 112 (36.1%) 46 (34.8%)
>10 cm 256 (57.9%) 176 (56.8%) 80 (60.6%)

Insurance status .122
Insured 426 (96.4%) 296 (95.5%) 130 (98.5%)
Uninsured 16 (3.6%) 14 (4.5%) 2 (1.5%)

Marital status .726
Married 230 (52.0%) 163 (52.6%) 67 (50.8%)
Unmarried 212 (48.0%) 147 (47.4%) 65 (49.2%)

Bone metastasis .980
No 382 (86.4%) 268 (86.5%) 114 (86.4%)
Yes 60 (13.6%) 42 (13.5%) 18 (13.6%)

Liver metastasis .306
No 386 (87.3%) 274 (88.4%) 112 (84.8%)
Yes 56 (12.7%) 36 (11.6%) 20 (15.2%)

Brain metastasis .491
No 432 (97.7%) 302 (97.4%) 130 (98.5%)
Yes 10 (2.3%) 8 (2.6%) 2 (1.5%)

Surgery .098
No 163 (36.9%) 122 (39.4%) 41 (31.1%)
Yes 279 (63.1%) 188 (60.6%) 91 (68.9%)

(continued)
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factors for STS patients with LM, 6 other variables were also
collected, including surgery, radiotherapy, chemotherapy,
specific metastasis information of bone metastasis, liver
metastasis, and brain metastasis.

Those continuous variables were also transformed into cate-
gorical variables based on recognized cutoff values. (age: <55
years and ≥55 years and tumor size: <5 cm, 5-10 cm, and
>10 cm).7,18,19

Institutional Review Board Approval
All anonymized data used in this study were obtained from the
SEER database. The individual SEER ID (13899-Nov2020)
was used to support our analysis. All procedures in this study
involving human participants were performed in accordance
with the ethical standards of the 1964 Declaration of Helsinki
and its later amendments.

Statistical Analysis
In the present study, statistical analyses were performed in SPSS
25.0 (SPSS Inc) and R version 3.6.1 (https://www.r-project.org/
about.html, R Statistical Software, R Foundation for Statistical
Computing).20,21 All enrolled patients were randomized into
the training set and testing set in a ratio of approximately 7:3
using R software. Overall survival was determined as the
primary endpoint for the section of prognostic analysis section
in this study. The χ2 test is applied to test whether there was a
significant difference in the baseline data between both sets.

Univariate and multivariate logistic regression analyses were
used to explore independent risk factors of LM in STS patients.
In the prognostic analysis, the univariate and multivariate Cox
analyses were performed to determine prognostic factors.
Finally, based on the results of logistic analysis and Cox anal-
ysis, the diagnostic nomogram and prognostic nomogram
were constructed by the “rms” package in R software, respec-
tively. Validation of the models was carried out internally in
the training set and externally in the testing set. Meanwhile,
the predictive accuracy of the nomogram was appraised by dis-
crimination and calibration evaluation. The receiver operating
characteristics (ROC) curve for diagnostic nomogram and 1-,
2-, and 3-year ROC curve for prognostic nomogram were

plotted. And the ROC curves of the independent variables
were also generated. Calibration curves and decision curve
analysis (DCA) were conducted to evaluate the accuracy and
clinical applicability of this model.22

Furthermore, all STS patients with LM were assigned into
the high-risk, intermediate-risk, and low-risk subgroup accord-
ing to the tertile of total scores, and the Kaplan-Meier survival
analysis with log-rank test was performed. The P value < .05
was regarded as statistically significant.

Results

Study Population Characteristics
In the present study, we extracted data from 7643 STS patients
to form a study cohort to identify the independent risk factors
for LM in STS patients and develop a diagnostic nomogram.
These patients were randomly allocated to the training set
(N= 5351, for development and internal validation of the nomo-
gram) and testing set (N= 2292, for external validation of the
nomogram) using R software. The baseline data between the
2 sets were comparable and are shown in Table 1. In addition,
of the 7643 STS patients, 5.78% (N= 442) were confirmed to
have LM at the time of primary diagnosis.

Risk Factors for LM in STS Patients and Diagnostic
Nomogram
Grade, histologic type, N stage, and tumor size were identified
as independent risk factors for LM (Table 2), and a diagnostic
nomogram was developed to predict the risk of LM in first-
diagnosed STS patients (Figure 2). The AUCs of the nomogram
were 0.806 in the training set (Figure 3A) and 0.799 in the
testing set (Figure 3D). Furthermore, ROC curves and AUCs
of each independent risk factor were also generated
(Figure 4). These results suggested that the discrimination of
any single risk factor was lower than that of the nomogram in
either the training or testing set. In addition, the calibration
curves of both sets suggested that the prediction of the nomo-
gram was highly consistent with the actual observation
(Figure 3B and E), and DCA indicated that this nomogram
was an excellent risk-assessment tool for LM in first-diagnosed
STS patients (Figure 3C and F).

Table 3. (continued)

Variables
Total set
(N= 442)

Training set
(N= 310)

Testing set
(N= 132) P value

Chemotherapy .774
No 143 (32.4%) 99 (31.9%) 44 (33.3%)
Yes 299 (67.6%) 211 (68.1%) 88 (66.7%)

Radiotherapy .796
No 247 (55.9%) 172 (55.5%) 75 (56.8%)
Yes 195 (44.1%) 138 (44.5%) 57 (43.2%)

Abbreviations: MPNST, malignant peripheral nerve sheath tumor; STS, soft tissue sarcoma; LM, lung metastasis.
aAmerican Indian, Native Alaskan and Asian, Pacific Islander.
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Table 4. Cox Proportional Hazards Regression Analysis for STS Patients With LM.

Variables
Univariate analysis Multivariate analysis

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

Age
<55 Reference
≥55 1.789 (1.381-2.317) <.001 1.799 (1.376-2.352) <.001

Race
Black Reference
Othera 0.855 (0.489-1.493) .581
White 0.916 (0.641-1.309) .63

Sex
Female Reference
Male 0.978 (0.758-1.261) .863

Histologic type
Fibrosarcoma Reference
Hemangiosarcoma 3.555 (1.517-8.332) .004
Leiomyosarcoma 0.74 (0.449-1.218) .236
Liposarcoma 1.138 (0.579-2.238) .708
MPNST 0.634 (0.273-1.473) .29
Rhabdomyosarcoma 0.773 (0.359-1.665) .511
Synovial sarcoma 0.515 (0.279-0.949) .033
Unclassified 1.442 (0.845-2.46) .179
Other 0.893 (0.569-1.399) .62

Grade
Grade I Reference
Grade II 0.93 (0.369-2.346) .878
Grade III 1.48 (0.644-3.4) .355
Grade IV 1.532 (0.675-3.478) .307

Tumor site
Extremity Reference
Head and neck 1.741 (0.886-3.421) .108
Trunk 1.097 (0.846-1.423) .484

T stage
T1 Reference
T2 1.177 (0.737-1.881) .495

N stage
N0 Reference Reference
N1 1.462 (1.07-1.997) .017 1.513 (1.101-2.079) .011

Tumor size
<5 cm Reference
5 to 10 cm 1.035 (0.607-1.766) .899
>10 cm 1.155 (0.689-1.938) .584

Insurance status
Insured Reference
Uninsured 0.941 (0.526-1.681) .836

Marital status
Married Reference
Unmarried 1.229 (0.956-1.579) .107

Bone metastasis
No Reference
Yes 1.404 (0.988-1.993) .058

Liver metastasis
No Reference
Yes 1.212 (0.827-1.776) .325

Brain metastasis
No Reference
Yes 2.31 (1.139-4.685) .02

Surgery
No Reference Reference
Yes 0.513 (0.396-0.665) <.001 0.505 (0.388-0.657) <.001

(continued)
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Predictors of OS for STS Patients With LM and
Prognostic Nomogram
A total of 442 eligible STS patients with LM were enrolled in
the study cohort of prognostic analysis. Table 3 summarizes
the baseline data of patients in the training set (N= 310) and
testing set (N= 132) using R software, which were comparable
in this study.

Univariate and multivariate Cox analyses determined 4 inde-
pendent prognostic factors for OS of STS patients with LM,
including age, N stage, surgery, and chemotherapy (Table 4).

Finally, the abovementioned independent prognostic predic-
tiors were incorporated to construct the prognostic nomogram
for predicting 1-, 2-, and 3-year OS in STS patients with LM
(Figure 5). In addition, validation was conducted in the training
and testing sets, respectively. ROC curves showed that the
AUCs of this prognostic nomogram for 1-, 2-, and 3-year OS
reached 0.698, 0.718, and 0.715 in the training set
(Figure 6A) and 0.669, 0.612, and 0.717 in the testing set
(Figure 6B). The calibration curves for 1-, 2-, and 3-year
showed significant consistency between the predictive survival
and actual survival in both sets (Figure 7A and C). As shown by
DCA, the nomogram demonstrated positive net benefits across
a wide range of death risks in both sets, indicating its favorable
clinical utility in predicting 1-, 2-, and 3-year OS (Figure 7B

and D). Furthermore, we calculated the total scores for each
patient based on this prognostic nomogram and then used
X-tile software version 3.6.1 (Yale University School of
Medicine) to determine the optimal cutoff values of the risk
score and divided the patients into 3 subgroups for
Kaplan-Meier survival analysis, which showed that patients in
the high-risk group did demonstrate worse survival than
patients in the median- and low-risk groups (Figure 8).

Discussion
Overall study findings STS with LM are an advanced stage of STS
with a particularly poor prognosis.23 Given its high heterogeneity,
the clinical outcome of STS patients with LM differs from person
to person. The risk of LM and survival prediction in patients with
LM has been investigated widely in the context of other malignan-
cies.24‐26 In this study, the probability of LM in first-diagnosed
STS patients can be easily evaluated based on the diagnostic
nomogram, which potentially guides the LM screening and
further clinical management. Likewise, the prognostic nomogram
provided the individualized prediction of 1-, 2-, and 3-year OS for
STS patients with LM.Moreover, both nomograms showed excel-
lent reliability in the risk assessment of LM and survival prediction
in STS patients with LM, as indicated by ROC curves, AUCs, and

Table 4. (continued)

Variables
Univariate analysis Multivariate analysis

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

Chemotherapy
No Reference Reference
Yes 0.709 (0.543-0.926) .012 0.748 (0.567-0.986) .039

Radiotherapy
No Reference
Yes 0.798 (0.62-1.027) .08

Abbreviations: MPNST, malignant peripheral nerve sheath tumor; STS, soft tissue sarcoma; LM, lung metastasis.
aAmerican Indian, Native Alaskan and Asian, Pacific Islander.

Figure 5. Prognostic nomogram for predicting 1-, 2-, and 3-year overall survival (OS) for soft tissue sarcoma (STS) patients with lung metastasis
(LM).

Fan et al 9



calibration curves. Furthermore, DCA demonstrated the effective
clinical applicability of the models with wide threshold probabili-
ties. Several of our findings warrant further discussion.

Risk Assessment of LM Among First-Diagnosed STS
Patients
As shown in our study, 4 clinicopathological variables, includ-
ing grade, histologic type, N stage, and tumor size, were inde-
pendent risk factors for LM in patients first diagnosed with STS.
Among these variables, histology had the highest discrimina-
tion. Synovial sarcoma was considered the STS type with the
highest risk for LM. The reason for this outcome may be that
histological differentiation can create different biological
characteristics of the sarcomas, and metastasis is mainly
related to the biological characteristics of the lesion. Besides,
based on the view of differentiation, mitotic count and tumor
necrosis, tumor grade is closely correlated with the occurrence
of metastases.27 The association between tumor differentia-
tion and LM in STS patients was confirmed in a previous
study.28 Moreover, synovial sarcomas of grade 3 according
to the FNCLCC system more often developed metastases
than did grade 2 tumors.29 In addition, we also observed
that larger tumor and lymph node metastasis (LNM) were
more likely to correlate with LM. Some potential explana-
tions are that changes in tumor size may be closely related
to its biological behavior and LNM is regarded as a prerequi-
site for malignant tumor invasion and metastasis.30,31 David
et al also supported the notion that lymph node positivity is a
predictive sign of biological aggressiveness and distant
metastasis.32 Taken together, STS patients with the charac-
teristics of higher grade, histologic type of synovial
sarcoma, LNM, and tumor size larger than 10 cm were asso-
ciated with increased risk of LM at initial diagnosis and jus-
tified more thorough chest computer tomography scanning.5

Diagnostic, Prognostic, Quality of Life, Survival,
and Therapeutic Procedures
The effective prognostic study of STS patients with LM will be
of great help to clinicians. According to our findings, age at
diagnosis was an independent prognostic factor and had a dis-
tinctly positive association with death risk in STS patients
with LM. Although Chudgar and colleagues found that patients
aged ≥50 had similar median disease-free and OS compared to
younger patients.33 The association of increasing age with
decreased survival in our cohort is likely multifactorial, with
increasing age potentially representing an increasing rate of
comorbidities and decreased tolerance of loss of lung paren-
chyma. This difference in results could also be due to selection
bias in single institution compared to multi-institutional studies.
Increasing age has been associated with decreased survival in
patients with STS in other large, multi-institutional studies;
for example, Carbonnaux and colleagues observed this associ-
ation in retrospective analysis using the data from 3 national
reference centers designated by the French National Center
Institute.34 On the other hand, although LNM is rare in sarco-
mas patients, patients with LNM do have more undesirable sur-
vival. One possible reason for this may be that they are more
likely to have LM. Besides, it was noteworthy that surgery of
the primary site displayed the most powerful prognostic value
for OS. Although the significance of pulmonary metastasec-
tomy has been extensively investigated in STS patients with
LM, it has been proven to be associated with increased survival
and improved quality of life.23,35,36 However, the treatment
regimen of STS patients with LM remains a challenge, as
local treatment regimens have rarely been studied. In 2018,
Krishnan et al37 reviewed 43 cases of STS patients presenting
with metastasis at diagnosis who underwent resection of the
primary tumor and found that the median survival of 22
months in this study was better than the previously reported
median survival of 12 months in patients treated with palliative

Figure 6. The receiver operating characteristic curve in the training set (A) and in the testing set (B).
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chemotherapy.38 In our cohort, surgical resection of primary
tumors also improved the OS of STS patients with LM. One
possible reason is a multidirectional process whereby circulat-
ing cancer cells can seed distant organs as well as the primary
tumor.39 Circulating cancer cells in metastatic diseases seem
to be recruited by cytokines, particularly interleukin 6, secreted
by the primary tumor.40 Primary tumor resection might, thus,
reduce levels of circulating cancer cells and so prolong survival
in patients with metastatic STS. Surgical resection of the
primary tumor could reduce carcinomatous pain, resulting in

improved performance status. Performance status is one of the
most significant indicators for determining treatment strategies
among patients with malignant neoplasms. Improved perfor-
mance status might allow administration of systemic chemother-
apy even among patients with severe general condition.
Therefore, both primary tumors and pulmonary metastases
should be actively recommended to obtain the maximum survival
time. STS with LM was considered the advanced stage, and pal-
liative chemotherapy was often the treatment of choice for
patients at this stage. To date, some published clinical studies

Figure 7. The calibration curves of the nomogram in the training set (A) and in the testing set (C); the decision curve analysis of the nomogram in
the training set (B) and in the testing set (D).
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have justified the administration of doxorubicin as the standard
first-line chemotherapy in patients with metastatic STS.12,41,42

Another study by Grünwald et al suggested that pazopanib had
a positive effect on survival in patients with metastatic STS
aged 60 years or older.43 In recent years, treatment with second-
line agents for advanced STS has been often histology-
driven,44,45 and novel therapeutic agents, such as trabectedin
and eribulin, have shown a role in some sarcoma subtypes.
Therefore, newly developed agents may expand the treatment
options and improve the prognosis of patients with metastatic
STS in the near future. Interestingly, radiotherapy did not seem
to play an important role in improving prognosis in our model,
which was impressive and puzzling. Harati et al also found
that radiation did not significantly improve local recurrence-free
survival or disease-specific survival in somatic LMS.43 However,
a recent systematic review reported local control of LM from
STS with stereotactic body radiotherapy, compared with surgery,
was associated with a lower cumulative overall death rate.46

Therefore, prospective trials are urgently required for further con-
firmation. In general, it can be well predicted the 1-, 2-, and 3-year
OS of STS patients with LM based on 4 independent prognostic
factors, which providing guidance for personalized patient consul-
tation and risk-adapted clinical management.

Limitations. Undeniably, some limitations in this study should
be considered. First, patients with missing data on the collected
variables were excluded, which led to inevitable selective bias.

In addition, the information derived from the SEER database
was about the disease at the initial diagnosis, which meant
that LM occurring in the clinical follow-up cannot be analyzed.
Finally, neither nomogram was externally validated in the clin-
ical setting owing to insufficiency of cases.

Conclusion
The present study showed that grade, N stage, histologic type,
and tumor size were independent risk factors for LM from STS,
and age, N stage, surgery, and chemotherapy were independent
prognostic factors of OS for STS patients with LM. The 2
nomograms we developed may be individual, visual, and
more intuitive convenient predictive models for risk assessment
and survival prediction for LM from STS.
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