
Frontiers in Oncology | www.frontiersin.org

Edited by:
Zeming Liu,

Huazhong University of Science and
Technology, China

Reviewed by:
Xing Zhang,

Sun Yat-sen University, China
Jiayong Liu,

Beijing Cancer Hospital, China

*Correspondence:
Jilong Yang

yangjilong@tjmuch.com

†These authors have contributed
equally to this work

Specialty section:
This article was submitted to

Surgical Oncology,
a section of the journal
Frontiers in Oncology

Received: 05 March 2022
Accepted: 13 June 2022
Published: 07 July 2022

Citation:
Liu H, Zhang H, Zhang C, Liao Z,
Li T, Yang T, Zhang G and Yang J
(2022) Pan-Soft Tissue Sarcoma

Analysis of the Incidence, Survival,
and Metastasis: A Population-Based

Study Focusing on Distant Metastasis
and Lymph Node Metastasis.

Front. Oncol. 12:890040.
doi: 10.3389/fonc.2022.890040

ORIGINAL RESEARCH
published: 07 July 2022

doi: 10.3389/fonc.2022.890040
Pan-Soft Tissue Sarcoma Analysis
of the Incidence, Survival,
and Metastasis: A Population-
Based Study Focusing on
Distant Metastasis and
Lymph Node Metastasis
Haotian Liu1,2†, Hongliang Zhang1,2,3†, Chao Zhang1,2, Zhichao Liao1,2, Ting Li1,2,
Tielong Yang1,2, Gengpu Zhang1,2 and Jilong Yang1,2*

1 Department of Bone and Soft Tissue Tumor, Tianjin Medical University Cancer Institute and Hospital, Tianjin, China,
2 National Clinical Research Center for Cancer, Key Laboratory of Cancer Prevention and Therapy, Tianjin’s Clinical Research
Center for Cancer, Tianjin Medical University Cancer Institute and Hospital, Tianjin, China, 3 Orthopedic Surgery Department,
Tianjin Hospital, Tianjin University, Tianjin, China

Background: The rarity and complexity of soft tissue sarcoma (STS) make it a challenge
to determine the incidence, survival, and metastasis rates. In addition, the
clinicopathological risk factors for lymph node metastasis have rarely been reported.

Methods: Data on patients diagnosed with STS in the SEER database from 2000 to 2018
were extracted by SEER*Stat 8.3.9.1, and the incidence trend was calculated by
Joinpoint 4.9 software. The KM method was used to calculate the survival curve, and
the log-rank method was used to compare differences in the survival curves. The
clinicopathological risk factors for lymph node metastasis were screened by logistic
regression.

Results: Among the 35987 patients, 4299 patients (11.9%) had distant metastasis. The
overall lymph node metastasis rate was 6.02%, which included patients suffering from
both lymph node and distant metastasis. Considering that some lymph node metastases
might be accompanying events of distant metastasis, the rate of only lymph node
metastasis in STS patients decreased to 3.42% after excluding patients with distant
metastasis. Patients with only lymph node metastases (N1/2M0) had a significantly worse
prognosis than those without metastases (N0M0) but a better prognosis than those with
only distant metastases (N0M1) (p<0.0001). In the multivariate logistic analysis, STS
patients with larger tumors located in the head and neck, viscera, retroperitoneum, and
certain specific pathological subtypes (compared with the liposarcoma), such as
undifferentiated pleomorphic sarcoma, rhabdomyosarcoma, endometrial stromal
sarcoma, gastrointestinal stromal tumor, synovial sarcoma, and angiosarcoma, had a
higher risk of lymph node metastasis.
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Abbreviations: STS, soft tissue sarcoma; S
End Results; NOS, not otherwise specified;
Cancer; APC, annual percentage change; C
mOS, median overall survival.
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Conclusions: Lymph node metastasis is rare in STS, and the metastasis rate is
significantly different among the different pathological types. Tumor size, location, and
pathological subtype are significantly associated with the risk of lymph node metastasis.
The overall survival of patients with lymph node metastasis is better than that of patients
with distant metastasis, which suggests a more precise prognosis evaluation should be
performed in these AJCC stage IV STS patients.
Keywords: soft tissue sarcoma, incidence, survival, distant metastasis, lymph node metastasis
INTRODUCTION

Soft tissue sarcomas (STSs) are a group of highly malignant
mesenchymal tumors that can occur at almost any anatomical
site, accounting for 1% of all malignant tumors in adults and 15%
of all malignant tumors in children (1–3). The incidence of STS
varies in different countries and regions, with a crude incidence
of 4.7 per 100000 in Europe and 2.91 per 100000 in China (1, 4).
Patients with STS have a poor prognosis, with a 5-year disease-
specific survival rate of only 50%-70% (5). In contrast to other
cancers, the pathological types of STS are complex. It is estimated
that there are more than 50 pathological subtypes of STS, each of
which exhibits slight differences in their biological behavior and
related treatment modalities (6). The low incidence and diverse
pathological subtypes make it a challenge to describe the
epidemiological characteristics of STS, such as the incidence
trend, age at diagnosis, prognosis and metastasis risk.

Lymph node metastases are rare in sarcoma compared to
blood metastases, with only approximately 2%-10% of patients
having lymph node metastases (7, 8). Risk factors for lymph node
metastasis have rarely been described, and only a few studies
have reported a high proportion of lymph node metastasis in
certain subtypes, such as rhabdomyosarcoma, synovial sarcoma,
and angiosarcoma (9–13). However, these studies confirmed the
risk of lymph node metastasis using only the proportion of
lymph node metastasis, without consideration of the biological
features and clinicopathological characteristics of STS.
Moreover, some studies were single-institution studies with
relatively few patients. Therefore, a large sample study that
combines the clinicopathological features of patients is needed
to further evaluate the risk factors for sarcoma lymph
node metastasis.

The SEER database, which represents 28% of the U.S.
population, included 9 cancer registries in 1974, which was
increased to 13 cancer registries in 1992 and 18 registries in
2000 (14, 15). The large number of patients and rich variable
information help to compensate for the deficiency of single-
center data and make the SEER database a powerful tool to study
the epidemiology and prognosis of cancer patients.

In this study, by extracting information on patients with STS
from the SEER database, we provided statistics on the overall
EER, Surveillance, Epidemiology and
AJCC, American Joint Commission on
I, confidence interval; OR, odds ratio;
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incidence, age at diagnosis, survival, and presence of distant
metastasis and lymph node metastasis in patients with STS. Most
importantly, we show that the pure lymph node metastasis rate is
approximately 3.42% in STS, and patients with only lymph node
metastasis have a better overall survival than those with distant
metastasis, which suggests that a more precise prognosis
evaluation for these AJCC stage IV patients, as well as the
identification of risk factors for lymph node metastasis should
be performed.
MATERIALS AND METHODS

Study Population
Based on the ICD-O-3 code, we extracted data on patients
diagnosed with STS between 2000 and 2018 from 18 cancer
registries in the SEER database. The extracted variables included
sex, site, race, year of diagnosis, pathological diagnosis, age,
tumor grade, tumor size, AJCC 7th TNM stage, survival status,
survival time, type of reporting source, etc. Exclusion criteria
included STS confirmed only by autopsy or death certificate and
patients with site codes C40.0 to C42.1 (primary in bone). The
flow chart used to screen patients is shown in Figure 1. A total of
115,800 patients were retrieved, and a total of 113,715 patients
were included in the final analysis after excluding 417 patients
with only autopsy or death certificates and 1668 patients with
primary bone origin. In addition, STSs of similar tissue origin
were grouped, as shown in Supplementary Table 1. The SEER
database is a public open access database, so this study did not
require ethics committee approval.

Statistical Analysis
Age-adjusted incidence was calculated using SEER*Stat 8.3.9.1,
based on the 2000 U.S. population, and then the incidence trend
and annual percentage change (APC) were calculated using
Joinpoint 4.9 software. Age was regarded as a continuous
variable in the age of onset. In multivariate logistic analysis, sex,
site, race, age, tumor grade, size and tumor subtype were classified
as categorical variables. Among them, age was divided into two
groups: ≤50 years old and >50 years old, and tumor diameter was
divided into three groups: ≤5 cm, 5-10 cm and >10 cm.

The Kaplan–Meier (KM) method was used to calculate the
survival curve, and the log-rank method was used to compare the
differences in the survival curves. Logistic regression was used to
screen risk factors for lymph node metastasis, and the results are
July 2022 | Volume 12 | Article 890040
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expressed as OR values and 95% confidence intervals. All p
values are bilateral, and a p value <0.05 was considered
statistically significant. All analyses were performed using
SPSS 22.0.
RESULTS

Proportion, Incidence and Age
First, we quantified the proportion of patients with each
pathological subtype. Perhaps because of the limited diagnosis
and treatment methods, the specific pathological subtype could
not be determined for a considerable number of sarcoma patients
(sarcoma NOS, n=18002, 15.8%). Leiomyosarcoma (n= 16929,
14.9%), liposarcoma (n= 13564, 11.9%), gastrointestinal stromal
tumor (n= 13024, 11.5%), Kaposi’s sarcoma (n= 8838, 7.8%),
dermatofibrosarcoma (n=7746, 6.8%), and undifferentiated
pleomorphic sarcoma (n= 7622, 6.7%) were the most common
subtypes (Figure 2A).

Then, we calculated the incidence of all patients, males and
females (Figure 2B). The incidence in the total population
increased from 6.7 per 100000 in 2000 to 7.3 per 100000 in
2014 (APC=0.52%, 95% CI: 0.3%-0.8%, p =0.001) but then
decreased between the years 2014 and 2018, with no significant
difference observed (p=0.13). The incidence of males increased
from 7.8 per 100000 in 2000 to 8.5 per 100000 in 2014
(APC=0.49%, 95% CI: 0.2%-0.8%, p =0.008) but also decreased
between the years 2014 and 2018, with no significant difference
(p =0.088). The incidence trend was slightly different for females,
Frontiers in Oncology | www.frontiersin.org 3
showing an increasing trend from 2000 (5.8/100000) to 2018
(6.3/100000) (APC=0.41%, 95% CI: 0.2-0.6%, p <0.001).

We next proceeded to determine statistical trends in the age at
diagnosis for the different pathological subtypes. Among the
pathological subtypes with more than 1000 cases, primitive
neuroectodermal tumor and rhabdomyosarcoma were more
likely to occur in children and adolescents, while the other
pathological subtypes were more likely to occur in middle aged
and elderly individuals, with angiosarcoma and undifferentiated
pleomorphic sarcoma having the most advanced incidence peak
(Figure 3A). In the pathological subtypes with <1000 cases,
ectomesenchymoma, embryonal sarcoma and rhabdoid tumor
were more likely to occur in children and adolescents (Figure 3B).

Survival
A total of 72,652 patients were included in the survival analysis
after excluding patients with other malignancies (to avoid the
effect of other malignancies on survival and metastasis), Kaposi’s
sarcoma (could not confirm whether it is related to HIV infection
and avoid the effect of immune deficiency on survival and
metastasis), and patients with a survival time of 0 months.

In terms of AJCC stage, there were significant differences in
prognosis among patients with different stages. Stage I patients
had the best prognosis, and stage IV patients had the worst
prognosis. The mOS for stage III and stage IV patients was 56
and 16 months, respectively, and mOS was not achieved in all
patients, stage I patients, or stage II patients (Figure 4A).

In the total population, the 1-, 3-, 5-, 7-, 10-, and 15-year survival
rates were 74%, 63%, 57%, 53%, 48%, and 43%, respectively. For the
different pathological subtypes, dermatofibrosarcoma had the best
A

B

FIGURE 2 | (A) The proportion of the pathological subtypes with more than
1000 cases; (B) Incidence trends in the overall, male and female patients.
FIGURE 1 | Flow chart used to screen patients.
July 2022 | Volume 12 | Article 890040
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prognosis among the most common pathological types, with 1-year,
3-year and 5-year survival rates up to 99%, 98% and 97%,
respectively. Angiosarcoma had the worst prognosis, with 1-, 3-,
and 5-year survival rates of 39%, 27%, and 22%, respectively
(Figure 4B). The 1-year, 3-year, 5-year, 7-year, 10-year, and 15-
year survival rates of the other pathological subtypes are shown in
Supplementary Table 2.

Distant Metastasis
The distant metastases recorded in the SEER database were
located in the bone, brain, liver, and lung. Of 72,652 patients, a
total of 35,987 patients were included in the distant metastasis-
related analysis after 36,665 patients with unknown distant
metastatic status were excluded. Among the 35987 patients,
4299 patients (11.9%) had distant metastasis. Alveolar soft part
sarcoma, epithelial hemangioendothelioma, rhabdoid tumor, and
rhabdomyosarcoma had the four highest distant metastasis rates
(49.57%, 35.92%, 28.99%, and 23.91%, respectively) (Table 1).
Frontiers in Oncology | www.frontiersin.org 4
First, in terms of metastatic sites, among single-site
metastases, the most common site was the lung (n=1768,
4.91%), followed by the liver (n=908, 2.52%), bone (n=453,
1.26%), and brain (n=61, 0.17%). When considering possible
combinations of other metastatic sites, the most common site
remained the lung (n=2744, 7.62%), followed by the liver
(n=1571, 4.37%), bone (n=1160, 3.22%), and brain
(n=205, 0.57%).

Second, we calculated the metastasis rates of the different
pathological types at four distant metastasis locations: bone,
brain, liver and lung. Among the pathological subtypes with bone
metastasis, rhabdomyosarcoma, malignant hemangioendothelioma
and alveolar soft part sarcoma had the three highest bone
metastasis rates (13.59%, 10.81% and 10.26%, respectively)
(Supplementary Table 3). Among the pathological subtypes with
brain metastasis, alveolar soft part sarcoma, rhabdoid tumor, and
primitive neuroectodermal tumor had the three highest brain
metastasis rates (5.98%, 4.73%, and 3.11%, respectively)
A B

FIGURE 4 | (A) Survival of patients with different AJCC stages; (B) Survival of patients with different pathological subtypes.
A B

FIGURE 3 | (A) Age distribution of the pathological subtypes with more than 1000 cases; (B) Age distribution of the pathological subtypes with fewer than 1000
cases.
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(Supplementary Table 4). Among the pathological subtypes with
liver metastasis, epithelial hemangioendothelioma, gastrointestinal
stromal tumor and leiomyosarcoma had the three highest liver
metastasis rates (12.68%, 10.8% and 7.22%, respectively)
(Supplementary Table 5). Among the pathological subtypes with
lung metastasis, alveolar soft part sarcoma, epithelial
hemangioendothelioma and malignant phosphaturic
mesenchymal tumor had the three highest lung metastasis rates
(47.01%, 27.46% and 20%, respectively) (Supplementary Table 6).

Third, we evaluated the impact of the number of metastatic
sites on patient survival and found that more metastatic sites
resulted in worse patient survival (Figure 5A). We compared the
survival differences of patients with metastases at different sites
and found that patients with brain metastasis had the worst
survival, while those with liver metastasis had the best
survival (Figure 5B).

Finally, we analyzed survival differences among different
pathological subtypes at the same metastatic site. For bone
metastases, we analyzed the survival of pathological subtypes
with 10 or more patients and found that malignant peripheral
Frontiers in Oncology | www.frontiersin.org 5
nerve sheath tumors had the worst prognosis (p <0.0001)
(Figure 5C). In brain metastases, the number of patients per
pathological subtype was too small to perform survival analysis.
In liver metastases, among the pathological subtypes with 10 or
more patients, angiosarcoma had the worst prognosis, and
gastrointestinal stromal tumors had the best prognosis
(p<0.0001) (Figure 5D). In terms of lung metastasis,
angiosarcoma and malignant peripheral nerve sheath tumors
had the worst prognosis among pathological subtypes with 10 or
more patients (p <0.0001) (Figure 5E).

Lymph Node Metastasis
Of the 72652 patients included in the survival analysis, 54715
patients with unknown lymph node status were excluded based
on the AJCC 7th edition, and the remaining 17937 patients were
included in the lymph node analysis.

First, we compared differences in survival among patients
with no lymph node metastasis or distant metastasis (N0M0),
only lymph node metastasis (N1/2M0), only distant
metastasis (N0M1), both lymph node metastasis and distant
TABLE 1 | Distant metastases rate in different pathological subtypes.

Subtype No Yes Total Percentage

Alveolar soft part sarcoma 59 58 117 49.57%
Epithelial Hemangioendothelioma 91 51 142 35.92%
Rhabdoid tumour 120 49 169 28.99%
Rhabdomyosarcoma 1120 352 1472 23.91%
Hemangioendothelioma, malignant 29 8 37 21.62%
Angiosarcoma 865 218 1083 20.13%
Phosphaturic mesenchymal tumour, malignant 8 2 10 20.00%
Peripheral neuroectodermal tumor 135 31 166 18.67%
Leiomyosarcoma 4749 1082 5831 18.56%
Sarcoma, NOS 5179 1075 6254 17.19%
(epithelioid sarcoma) 141 30 171 17.54%

Extraskeletal myxoid chondrosarcoma 139 25 164 15.24%
Clear cell sarcoma 99 16 115 13.91%
Synovial sarcoma 952 142 1094 12.98%
Primitive neuroectodermal tumor, NOS 255 34 289 11.76%
Granular cell tumour, malignant 30 4 34 11.76%
Gastrointestinal stromal tumour 4492 575 5067 11.35%
Malignant peripheral nerve sheath tumor 691 83 774 10.72%
Endometrial stromal sarcoma 925 110 1035 10.63%
Embryonal sarcoma 48 5 53 9.43%
Perivascular epithelioid tumour, malignant 10 1 11 9.09%
Stromal sarcoma, NOS 137 12 149 8.05%
Solitary fibrous tumour, malignant 244 20 264 7.58%
Fibrosarcoma 238 19 257 7.39%
Mixed tumour, malignant 102 7 109 6.42%
Malignant giant cell tumor of soft parts 15 1 16 6.25%
Hemangiopericytoma, malignant 181 11 192 5.73%
Myxosarcoma 153 9 162 5.56%
Malignant tenosynovial giant cell tumour 20 1 21 4.76%
Undifferentiated pleomorphic sarcoma 1200 59 1259 4.69%
Myofibroblastic sarcoma 49 2 51 3.92%
Liposarcoma 4915 190 5105 3.72%
Glomus tumour, malignant 26 1 27 3.70%
Myoepithelial carcinoma 235 8 243 3.29%
Fibromyxosarcoma 1220 34 1254 2.71%
Dermatofibrosarcoma 2930 4 2934 0.14%
Ossifying fibromyxoid tumour, malignant 20 0 20 0.00%
Ectomesenchymoma 5 0 5 0.00%
Lymphangiosarcoma 2 0 2 0.00%
July 2022 | Volume 12 | A
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metastasis (N1/2M1). The results showed that the prognosis
of patients with only lymph node metastasis (N1/2M0) was
significantly worse than that of patients with no lymph node
metastasis or distant metastasis (N0M0) (p <0.0001) and was
significantly better than that of patients with only distant
metastasis (N0M1) (p <0.0001) (Figure 6). The overall 3-year
and 5-year survival rates of these three types of patients were
46% and 38%, 74% vs. 68%, and 25% vs. 18%, respectively,
suggesting that patients with lymph node metastasis
(N1 / 2M0 ) and d i s t an t me t a s t a s i s (N0M1) hav e
different prognoses.

Second, we calculated the proportion of patients with lymph
node metastasis across the different pathological subtypes. Of the
17937 patients, 1081 (6.02%) had lymph node metastasis. After
excluding 2698 patients with distant metastasis (NXM1), 522 of
the remaining 15248 patients, accounting for 3.42%, had lymph
node metastasis. Among the 17937 patients, given the influence
of the number of patients, the pathological types with >100 cases
Frontiers in Oncology | www.frontiersin.org 6
and <100 cases were counted separately. Among the pathological
subtypes with >100 patients, the ten most common subtypes
exhibiting lymph node metastases were rhabdomyosarcoma
(26.88%), angiosarcoma (15.43%), sarcoma NOS (9.39%),
endometrial stromal sarcoma (8.51%), myoepithelial carcinoma
(6.67%), synovial sarcoma (5.23%), leiomyosarcoma (5.08%),
gastrointestinal stromal tumor (4.16%), malignant peripheral
nerve sheath tumor (3.13%), and undifferentiated pleomorphic
sarcoma (3.03%); the lymph node metastasis rate of
dermatofibrosarcoma was 0% (Table 2). Among the
pathological subtypes with <100 patient cases, the three
pathological types with the highest lymph node metastasis
rates were malignant phosphaturic mesenchymal tumors
(42.86%), ectomesenchymomas (33.33%), and malignant mixed
tumors (32.86%), but because the number of cases of malignant
phosphaturic mesenchymal tumors and ectomesenchymomas
was small (7 and 3 cases, respectively), the statistical efficacy
was limited (Supplementary Table 7).
A B

D

E

C

FIGURE 5 | (A) Survival of patients with different numbers of distant metastases; (B) Survival of patients with bone, brain, liver and lung metastases; (C) Survival of
patients with different pathological subtypes of bone metastases; (D) Survival of patients with different pathological subtypes of liver metastases; (E) Survival of
patients with different pathological subtypes of lung metastases.
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Third, we calculated the risk factors for lymph node metastasis.
In univariate logistic analysis, age, tumor diameter, site, subtype,
grade, and distant metastasis were associated with lymph node
metastasis (Figure 7A). In multivariate logistic analysis, age was
not associated with lymph node metastasis. Patients with tumor
diameters of 5-10 cm (OR: 1.723, 95% CI: 1.258-2.359, p=0.001)
and >10 cm (OR: 2.265, 95% CI: 1.650-3.108, p<0.001) had a
higher risk of lymph node metastasis. Compared to trunk
sarcoma, head and neck (OR: 3.829, 95% CI: 2.375-6.172,
p<0.001) and visceral (OR: 1.701, 95% CI: 1.167-2.479, p=0.006)
sarcoma was associated with a higher risk of metastasis.
Compared with the liposarcoma, sarcoma NOS (OR: 3.289, 95%
CI: 2.088-5.182, p<0.001), undifferentiated pleomorphic sarcoma
(OR: 2.238, 95% CI: 1.125-4.455, p=0.022), rhabdomyosarcoma
(OR: 7.962, 95% CI: 4.454-14.231, p<0.001), endometrial stromal
sarcoma (OR: 3.902, 95% CI: 2.199-6.921, p<0.001),
gastrointestinal stromal tumor (OR: 2.136, 95% CI: 1.254-3.636,
p=0.005), synovial sarcoma (OR: 2.695, 95% CI: 1.425-5.099,
p=0.002), and angiosarcoma (OR: 5.560, 95% CI: 2.934-10.533,
p<0.001) had a greater lymph node metastasis risk. Grade II (OR:
2.146, 95% CI: 1.264-3.644, p=0.005), grade III (OR: 3.809, 95%
CI: 2.296-6.318, p<0.001) and grade IV (OR: 3.245, 95% CI: 1.968-
Frontiers in Oncology | www.frontiersin.org 7
5.350, p<0.001) were associated with a higher risk of metastasis.
Patients with distant metastasis (OR: 5.134, 95% CI: 4.151-6.350,
p<0.001) had a higher risk of lymph node metastasis (Figure 7B).
DISCUSSION

As a rare and highly malignant tumor, STS accounts for more
than 80% of all sarcoma subtypes and has a poor prognosis, with
a 5-year survival rate of only 50%-70% (5, 16). For patients with
locally advanced or metastatic STS, the prognosis is worse, with a
median overall survival of 12.8 to 14.3 months (17). Therefore, it
is necessary to evaluate its epidemiology and prognosis. At the
same time, due to its relative rarity, it is difficult for single-
institution data to accurately and comprehensively describe its
incidence, survival and metastasis rates, while the SEER database
with huge case resources only makes up for the deficiency of data
from a single center. In this study, using the SEER database, we
briefly outlined the age of onset and trends in STS patients,
compared the survival and calculated specific survival rates of
different pathological subtypes, and also compared the incidence
and survival of different metastatic sites and survival of different
pathological subtypes within the same metastatic site. Most
importantly, we found that patients with lymph node
metastasis alone (N1/2M0) and distant metastasis (N0M1) had
a different prognosis (p<0.001), focusing on the percentage of
positive lymph nodes for different pathological subtypes and the
clinicopathological risk factors for lymph node metastasis, thus
providing guidance for STS management.

In the current study, the incidence of STS showed an
increasing and statistically significant trend from 2000-2014 in
the total population and males and a decreasing trend from
2014-2018 with no statistically significant trend. In females, there
was a significant increasing trend from 2000-2014. The different
trends in the incidence of STS between males and females suggest
that there may be sex differences in the incidence of STS, which
needs to be confirmed by further studies. The increased
incidence may be due to advances in testing for STS, while the
reasons for the decline in the overall population and men in
2014-2018 remain unclear and require further study. In addition,
TABLE 2 | Lymph node metastasis rate in pathological subtypes with patients >100 cases.

subtype Negative positive total percentage

Rhabdomyosarcoma 468 172 640 26.88%
Angiosarcoma 318 58 376 15.43%
Sarcoma, NOS 2702 280 2982 9.39%
Endometrial stromal sarcoma 602 56 658 8.51%
Myoepithelial carcinoma 98 7 105 6.67%
Synovial sarcoma 598 33 631 5.23%
Leiomyosarcoma 2912 156 3068 5.08%
Gastrointestinal stromal tumor 3040 132 3172 4.16%
Malignant peripheral nerve sheath tumor 434 14 448 3.13%
Undifferentiated pleomorphic sarcoma 544 17 561 3.03%
Fibrosarcoma 144 4 148 2.70%
Liposarcoma 2890 43 2933 1.47%
Fibromyxosarcoma 730 7 737 0.95%
Dermatofibrosarcoma 557 0 557 0.00%
July 2022 | Volume 12 | A
FIGURE 6 | Survival of patients without lymph node or distant metastasis
(N0M0), lymph node metastasis (N1/2M0), distant metastasis (N0M1), and
lymph node and distant metastasis (N1/2M1).
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the crude incidence of STS was 2.91/100000 in China (2.72/
100000 in males and 3.11/100000 in females) and 4.7/100000 in
Europe (1, 4). Compared with other countries, therefore, it can
be seen that the incidence of STS is slightly higher in the
United States.

As an important part of epidemiology, age of onset plays an
important role in the diagnosis and prognosis of patients with
STS. The present study is the first to depict the landscape of the
age of onset for STS. The results showed that rhabdomyosarcoma
and primitive neuroectodermal tumors were more likely to occur
in children and adolescents, while the incidence peaks of
angiosarcoma and undifferentiated pleomorphic sarcoma were
concentrated in middle-aged and elderly people, which provided
a basis for the screening and prevention of STS.

Kaposi’s sarcoma can be divided into four main types: classic
Kaposi’s sarcoma, endemic African Kaposi’s sarcoma, iatrogenic
immunosuppressive Kaposi’s sarcoma and AIDS-Kaposi’s
sarcoma, with AIDS-Kaposi’s sarcoma being the majority (18,
19). The SEER database does not provide a specific classification
of patients with Kaposi’s sarcoma; therefore, to eliminate the
influence of other malignancies and immune deficiency on
survival and metastasis, the present study excluded patients
Frontiers in Oncology | www.frontiersin.org 8
with other malignancies and Kaposi’s sarcoma for survival and
metastasis correlation analysis.

Although previous studies have also reported survival differences
among different pathological subtypes of STS, we not only
calculated the survival rates of different pathological subtypes in
different years, but also calculated the incidence of different
metastatic sites. We also compared the survival differences among
patients with different metastatic sites and the survival differences
among patients with different pathological subtypes in the same
metastatic site (20). Lung metastasis was found to be the most
common site of STS metastasis, followed by liver, bone, and brain
metastasis, whether single site metastases or possibly combination of
other metastatic sites. In addition, among the four types of lung,
bone, liver and brain metastasis, patients with brain metastases have
a worse prognosis than those with liver metastases, possibly because
of the strong compensatory ability of the liver. Even after liver
metastasis occurs, there are still some liver cells that can
compensatively maintain function to the greatest extent possible,
while the brain metastasis often significantly affects the treatment
efficacy and life quality. The prognosis of patients with liver
metastasis is better than that of patients with lung metastasis,
which may be due to the strong compensatory capacity of liver,
A B

FIGURE 7 | (A) Univariate logistic analysis of risk factors for lymph node metastasis; (B) Multivariate logistic analysis of risk factors for lymph node metastasis.
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another reason might due to the different pathological subtypes in
the liver metastatic patients compared to lung, bone and brain
metastatic patients, because different pathologic type had different
prognosis. For an example, the pathological types with poor
prognos i s inc luded ang iosarcoma , sarcoma NOS,
leiomyosarcoma, and undifferentiated pleomorphic sarcoma and
so on. Among the 908 patients with liver metastases alone, these
four pathological subtypes were found in 17 (1.9%), 115 (12.7%),
170 (18.7%), and 2 (0.2%) patients, respectively, for a total of 33.5%.
While among the 1768 patients with pulmonary metastases, these
four pathological subtypes were found in 75 (4.2%), 528 (29.9%),
506 (28.6%), and 38 (2.1%) patients, respectively, for a total of
64.8%. It can be seen that the total proportion of these four
pathological subtypes in patients with liver metastasis was
significantly lower than that in patients with lung metastasis.
Therefore, we speculated that these two points may explain why
patients with liver metastasis have a better prognosis than those with
lung metastasis. In addition, malignant peripheral nerve sheath
tumors have the worst prognosis in bone metastases, angiosarcoma
in liver metastases, malignant peripheral nerve sheath tumors and
angiosarcoma in lung metastases. This provides guidance for
evaluating the prognosis of patients with STS.

It has been confirmed that the prognosis of patients with lymph
node metastasis is significantly worse than that of patients without
lymph node metastasis (7). However, some of these studies either
included fewer cases because they were single-center studies or did
not specify whether patients with distant metastases were included,
which may result in bias and affect the accuracy of the results (10,
12, 21, 22). In the present study, we performed three-aspect analysis
of lymph node metastasis in STS. First, there was a significant
survival difference between patients with lymph node metastasis
alone and those with distant metastasis alone (p <0.0001). David
et al. also found that patients with lymph node metastasis alone had
better outcomes than those with distant metastasis (p =0.0009) and
worse outcomes than those without metastasis (p <0.001) (7).
Atalay et al. came to similar conclusions (13). Riad et al. further
found that there was no significant survival difference between
patients with lymph node metastasis alone and patients with stage
III STS, although some patients with lymph node metastasis
underwent lymph node resection (21). In the AJCC 8th stage,
both lymph node metastasis and distant metastasis are classified as
stage IV, with poor prognosis. Therefore, we believe that the
separation of lymph node metastasis from distant metastasis can
be considered in the future to better distinguish the prognosis of
patients. Second, in this study, the overall lymph node metastasis
rate (possibly including patients with distant metastasis) was 6.02%,
and the rate of lymph node metastasis alone (not including patients
with distant metastasis) was 3.42%, which was significantly different
(c2 = 110.539, p <0.001). In multivariate logistic analysis, distant
metastasis was an independent risk factor for lymph node
metastasis (p<0.001). Therefore, in some circumstances, distant
metastasis may be partly associated with lymph node metastasis
to some extent. Among the subtypes with more than 100 cases,
rhabdomyosarcoma, angiosarcoma, sarcomaNOS had the top three
highest percentage of lymph node metastasis. It was also noted that
some subtypes, such as dermatofibrosarcoma did not have lymph
Frontiers in Oncology | www.frontiersin.org 9
node metastasis, with a lymph node metastasis rate of 0%. Other
common STSs, including liposarcoma (1.47%) and fibrosarcoma
(2.70%), also had a lower proportion of lymph node metastasis.
Third, most of the previous studies only assessed the risk factors for
lymph node metastasis based on the lymph node metastasis rate of
different pathological subtypes, which had poor statistical validity,
and did not evaluate the impact on lymph node metastasis based on
the clinicopathologic characteristics of patients, and some studies
had fewer cases (7, 10–12). One study used the NCDB database to
evaluate risk factors for lymph node metastasis in 631 patients who
underwent lymph node dissection, but the number of patients
included was small, and the results showed a low lymph node
metastasis rate in rhabdomyosarcoma, which was contrary to
previous reports in the literature with little credibility (23). As a
large sarcoma lymph node study, the present study
comprehensively evaluated the risk factors for lymph node
metastasis combined with clinicopathologic features. We found
that patients with larger tumor diameters located in the head and
neck, viscera, retroperitoneum, and certain specific pathological
subtypes (compared with liposarcoma), such as sarcoma NOS,
undifferentiated pleomorphic sarcoma, rhabdomyosarcoma,
endometrial stromal sarcoma, gastrointestinal stromal tumor,
synovial sarcoma, and angiosarcoma, with higher grade and
distant metastasis had a higher risk of lymph node metastasis.
Previous reports that assessed the lymph node metastasis risk only
according to the lymph node metastasis rate showed that the lymph
node metastasis risk of rhabdomyosarcoma, synovial sarcoma and
angiosarcoma was high. In the present study, through a larger
sample of patients and a combination of clinicopathological
features, we found that in addition to rhabdomyosarcoma,
synovial sarcoma and angiosarcoma, sarcoma NOS,
undifferentiated pleomorphic sarcoma, endometrial stromal
sarcoma, and gastrointestinal stromal tumor also had a high risk
of lymph node metastasis compared with the liposarcoma.

At the same time, this study has the following shortcomings.
First, the SEER database does not provide information on
recurrence; therefore, we cannot assess risk factors associated
with recurrence and cannot provide guidance for monitoring
recurrence. Second, the metastasis information recorded in the
SEER database (including distant metastasis and lymph node
metastasis) was synchronous metastasis; that is, metastasis had
already occurred at the time of diagnosis, and metastasis that
occurred during treatment was not recorded, which may
underestimate the incidence of metastasis. Third, because the
treatment information included in the SEER database, including
surgery, radiotherapy, chemotherapy, etc., was too biased; for
example, no radiotherapy or unknown radiotherapy were both
recorded as “no/unknow”, and there is no specific treatment
information such as dose and regimen, so this study did not
include such treatment information in order to ensure the
accuracy of the results. Fourth, we lack enough data on
Chinese patients to compare with the data in the SEER database.

In conclusion, in this study, we described the epidemiology of
all sarcoma pathological subtypes, including incidence, age of
onset, and survival differences. We also compared the proportion
and survival differences between different metastatic sites, as well
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as survival differences between different pathological subtypes of
the same metastatic site. Most importantly, we found a
significant difference in survival between patients with only
lymph node metastasis and those with only distant metastasis,
suggesting that these two groups of patients have different
prognostic factors and could be divided into separate groups in
future staging to better distinguish patient prognosis. In addition,
as a sarcoma lymph node study with a large number of patients
included, we determined not only the proportion of lymph node
metastasis for different pathological subtypes but also the risk
factors for lymph node metastasis, providing guidance for the
cl inical treatment of STS and preoperative lymph
node evaluation.
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