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Abstract
Background Reported rates of the incidence of lymph
node metastasis in soft tissue sarcoma vary considerably.
Many are based on single-institution series and small pa-
tient populations. Certain sarcoma subtypes, including
synovial sarcoma, have been associated with a higher risk
of lymph node involvement. Most single centers have in-
sufficient numbers of patients to assess lymph node me-
tastasis accurately, but larger national databases may allow
a more accurate estimation.
Questions/purposes We queried a large national database
and asked the following questions: (1) What proportion of
patients with soft tissue sarcoma have lymph node metas-
tasis and distant metastasis? (2) What histologic subtypes
are associated with increased risk of nodal metastasis? (3)
What is the impact of lymph node metastases and histo-
logic subtype on survival? (4) Does lymph node excision
improve survival of patients with soft tissue sarcoma?
Methods The National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER) Program is

a national database that covers a geographic cross-section
representing approximately 28% of the US population
across demographic groups. Using the SEER database, we
identified 15,525 adults diagnosed with histologically con-
firmed soft tissue sarcoma from2004 to 2013. Proportions of
patients with lymph node or distant metastases were calcu-
lated using descriptive statistics. Overall survival was
computed using the Kaplan-Meier method. Multivariate
analysis was performed using Cox proportional hazard re-
gression to calculate the association of lymph node metas-
tasis with overall survival while controlling for patient age,
sex, race, tumor size, and tumor location.
Results A total of 820 of 15,525 patients had lymph node
metastasis at the time of diagnosis, yielding an overall
proportion of 5.3% (95% confidence interval [CI],
4.9%–5.6%). Histologic subtypes that most frequently
developed nodal metastasis were rhabdomyosarcoma,
clear cell sarcoma, epithelioid sarcoma, and myxoid/round
cell liposarcoma. Despite frequent reports regarding its
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association with lymph node metastasis, the proportion of
patients with lymph node metastasis among 885 patients
with synovial sarcoma (4.2%) was not different from the
proportion with nodal metastasis in the overall soft tissue
sarcoma population. For all soft tissue sarcomas, distant
metastatic disease was present at diagnosis in 1869 (12%)
patients (95% CI, 11.5%–12.6%). After controlling for rel-
evant covariates, lymph nodemetastasis was associated with
poorer overall survival (hazard ratio [HR], 1.34; 95% CI,
1.22–1.48; p < 0.001) as was distant metastasis (HR, 2.87;
95% CI, 2.66–3.09; p < 0.001). When comparing the sub-
group of patients with positive lymph nodes, lymphade-
nectomy in conjunctionwith local excision/limb salvagewas
associatedwith the highest overall 5-year survival (HR, 0.46;
95% CI, 0.31–0.67; p < 0.001).
Conclusions In clarifying the overall proportion of patients
with soft tissue sarcoma with nodal metastases, the current
study indicates that lymph node metastases occur at a higher
proportion than previous studies have suggested and that sy-
novial sarcoma is not associated with a higher risk of lym-
phatic spread compared with soft tissue sarcoma overall.
Patients with lymph node metastases are associated with
poorer survival than those without metastases. Further in-
vestigation is needed to clarify the apparent improved overall
survival after lymphadenectomy in the setting of nodal me-
tastasis from soft tissue sarcoma.
Level of Evidence Level II, prognostic study.

Introduction

Lymph node metastasis in soft tissue sarcoma is thought to
be a relatively uncommon event in a rare disease [3, 11].
Challenges to the study and understanding of this process
include the low disease incidence, heterogeneity of histo-
logic subtypes, and varied treatment approaches [8-10, 20].
Early reviews by Weingrad and Rosenberg [22] and
Mazeron and Suit [13] of small, single-institution retro-
spective studies reported lymph node metastases in 8.2%
and 10.8% of patients, respectively. However, analysis of
a larger institutional database by Fong et al. [8] found that
only 2.6% of patients with soft tissue sarcoma developed
lymph node metastases. Several reports have suggested
that the proportion of synovial sarcomas with lymph node
metastases is as high as 44% [5, 12, 13, 17, 21]. The
prognostic implication of lymphatic metastasis is unclear
with reports of 5-year overall survival from diagnosis of
lymph node metastasis ranging from 12.8% [5] to 34% [8].

The staging of soft tissue sarcomas, particularly re-
garding the presence of metastatic spread, may have
a substantial influence on the overall treatment strategy,
potentially altering the field of radiation or adding sys-
temic therapies. Efforts to understand the overall

percentage of patients with soft tissue sarcoma who de-
velop lymph node metastases, as well as histologic sub-
types that are more or less likely to undergo lymphatic
spread, may influence the decision for sentinel node bi-
opsy or further advanced imaging such as PET. The cur-
rent study aims to further clarify the prognostic
importance of lymph node metastasis and the benefit of
lymphadenectomy for metastatic disease to improve pa-
tient counseling and drive informed treatment decisions
regarding sarcoma care.

We queried a large national database and asked the
following questions: (1) What proportion of patients with
soft tissue sarcoma have lymph node metastasis and distant
metastasis? (2) What histologic subtypes are associated
with increased risk of nodal metastasis? (3) What is the
impact of histologic subtype and lymph nodemetastases on
survival? (4) Does lymph node excision improve survival
of patients with soft tissue sarcoma?

Materials and Methods

The National Cancer Institute’s Surveillance, Epidemiol-
ogy, and End Results (SEER) database provides a mecha-
nism to study cancer in the United States at a population
level [14]. The SEER database comprises 18 geographic
registries, which record every case of cancer within their
respective regions, regardless of insurance status, de-
mographic group, or anatomic site of origin [15]. Collec-
tively, these registries cover approximately 28% of the US
population and aid in the study of low-incidence malig-
nancies such as soft tissue sarcoma [15, 16]. Because this
database is linked to numerous registries, including the
National Death Index, Social Security, the Centers for
Medicare & Medicaid Services, and hospital registries,
only 1.1% are lost to data capture within 5 years [18].

We accessed the SEER database using SEER*Stat,
version 8.2.1, software (National Cancer Institute,
Bethesda, MD, USA). Search criteria were all adults (> 17
years of age) diagnosed with histologically confirmed soft
tissue sarcoma from 2004 to 2013. A total of 17,070
patients were identified. After we excluded patients with
missing lymph node data, 15,525 patients (91%) remained.
For the SEER database, lymph node involvement is de-
termined by clinical, surgical, or pathologic determination
of the presence or absence of lymphatic metastasis.

Demographic and clinical factors of interest included
patient age, sex, race, histologic subtype, tumor grade,
tumor size, and tumor location.We considered surgical and
radiation therapy in this analysis because chemotherapy
data are unavailable in the SEER database.

We found that soft tissue sarcoma was more common
in white patients (81%; 95% confidence interval [CI],
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80%–81%) than in those of other races (19%; 95% CI,
19%–20%; p < 0.001). A greater proportion of patients
were male (56%; 95% CI, 56%–57%) than female (44%;
95% CI, 43%–44%; p < 0.001; Table 1). Tumors occurred
more frequently in the lower extremities (42%; 95% CI,
41%–43%) than in the upper extremities (14%; 95% CI,
14%–15%; p < 0.001), with 56% occurring in the appen-
dicular skeleton. Tumors were more likely to be$ 5 cm at
the time of diagnosis (62%; 95% CI, 62%–63%) than to be
< 5 cm (25%; 95% CI, 24%–26%; p < 0.001). However,
tumor size was not recorded in the SEER database for 12%
of the patients in our study population. The most com-
mon histologic subtype was liposarcoma (24%). There
were 820 patients with documented lymph node in-
volvement. Of these, 764 patients had complete surgical
records and were included in the subgroup analysis to
assess for the effect of lymphadenectomy. The SEER
database does not capture indications for primary or
lymph node surgery, so the patient- or physician-specific
factors influencing the decision about whether to un-
dertake lymphadenectomy could not be assessed in this
analysis.

Table 1. Characteristics of 15,525 adults with soft tissue
sarcoma, Surveillance, Epidemiology, and End Results Program
database, 2004–2013

Characteristic Number (%)

Age (years)

< 30 1152 (7.4)

30–59 6839 (44)

$ 60 7534 (49)

Sex

Female 6779 (44)

Male 8746 (56)

Race

White 12,520 (81)

Black 1624 (10)

Other 1241 (8.0)

Unknown 140 (0.9)

Tumor size (cm)

< 5 3893 (25)

$ 5 9694 (62)

Unknown 1938 (13)

Tumor site

Upper extremity 2209 (14)

Lower extremity 6551 (42)

Axial 6418 (41)

NOS/unknown 347 (2.2)

Lymph node metastasis

No 14,705 (95)

Yes 820 (5.3)

Distant metastasis

No 13,495 (87)

Yes 1869 (12)

Unknown 161 (1.0)

Histologic subtype

Liposarcoma 3676 (24)

Other 3302 (21)

Leiomyosarcoma 2353 (15)

MFH/UPS 1793 (12)

Fibrosarcoma 1239 (8.0)

Synovial sarcoma 885 (5.7)

Angiosarcoma 487 (3.1)

Extraskeletal myxoid chondrosarcoma 328 (2.1)

Epithelioid sarcoma 269 (1.7)

Rhabdomyosarcoma NOS 226 (1.5)

Ewing’s sarcoma 219 (1.4)

Myxoid/round cell liposarcoma 209 (1.3)

SFT/hemangiopericytoma 188 (1.2)

Clear cell sarcoma 105 (0.7)

Extraskeletal osteosarcoma 82 (0.5)

Alveolar rhabdomyosarcoma 62 (0.4)

Table 1. continued

Characteristic Number (%)

Hemangioendothelioma 53 (0.3)

Embryonal rhabdomyosarcoma 49 (0.3)

Grade

High 7011 (45)

Low 4606 (30)

Unknown 3908 (25)

Surgery

Yes 13,270 (85)

No 2156 (14)

Unknown 99 (0.6)

Radiation therapy

No 8337 (54)

Yes 6885 (44)

Unknown 303 (2.0)

Lymph node surgery

None 13,825 (89)

$ 1 lymph nodes removed 1354 (8.7)

Biopsy only 196 (1.3)

Unknown 150 (1.0)

Status

Alive 10,170 (66)

Dead 5355 (34)

NOS = not otherwise specified; MFH/UPS = malignant fibrous
histiocytoma/undifferentiated pleomorphic sarcoma; SFT =
solitary fibrous tumor.
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Statistical Analysis

Statistical analysis was performed using R software (R
Foundation for Statistical Computing, Vienna, Austria).
Proportions of patients with lymph node and distant me-
tastasis were calculated using descriptive statistics. Overall
survival and disease-specific mortality were computed by
the Kaplan-Meier method and the log-rank test with Bon-
ferroni correction for multiple comparisons. Multivariable
analysis was performed using Cox proportional hazard
regression to calculate the effect of positive lymph nodes
on prognosis while controlling for the effects of patient age,
sex, race, tumor grade, tumor size, tumor location, surgery,
and radiation therapy. Multivariable analysis was then
performed on the subgroup of 764 patients with positive
lymph nodes and known surgical status to calculate the
effect of lymphadenectomy on overall survival. Statistical
significance was determined using an a error of 0.05.

Results

At the time of diagnosis, 820 of 15,525 patients (5.3%; 95%
CI, 4.9%–5.6%) had lymph node metastasis and 1869 of
15,525 patients (12%; 95% CI, 11.5%–12.6%) had distant
metastasis. Of these, 286 patients with nodal metastases un-
derwent biopsy or excision and were presumed to have his-
tologic confirmation. The remaining 534 patients with
positive nodes were coded in SEER as having undergone no
surgery (509 patients) or as having unknown surgery status
(25 patients) and are presumed to have been clinically or
radiographically determined to have lymph node metastasis.
When accounting for patients with incomplete data, the most
conservative estimate would result from presuming that every
patient with an unknown lymph node status had no nodal
disease, in which case the overall proportion with nodal me-
tastasis would be 4.8%. Alternatively, if every patient with
unknown lymph node status were positive for nodal metas-
tasis, the overall rate of lymphatic spread would be 13.9%.

We found a clear association between histologic subtype
and the proportion of patients with lymph node metastasis.
Compared with the overall proportion of patients presenting
with lymph node metastasis (5.3%; 95% CI, 4.9%–5.6%),
adults with alveolar rhabdomyosarcoma had a higher pro-
portion of lymph node metastasis (55% [34 of 62]; 95% CI,
42%–68%; p < 0.001). Patients with embryonal rhabdo-
myosarcoma (27% [13 of 49]; 95% CI, 15%–41%; p <
0.001) and rhabdomyosarcoma not otherwise specified
(21% [47 of 226]; 95% CI, 16%–27%; p < 0.001) also had
higher rates of lymph node metastasis than did the overall
population. Because this study included only adults, how-
ever, there were relatively small numbers of patients with
rhabdomyosarcoma. Other histologic subtypes with higher

proportions of nodal metastasis than the overall population
were clear cell sarcoma (23% [23 of 105]; 95% CI,
14%–31%; p < 0.001) and epithelioid sarcoma (20% [55 of
269]; 95%CI, 16%–26%; p < 0.001). Interestingly, 19% (40
of 209; 95% CI, 14%–25%; p < 0.001) of patients with
myxoid/round cell liposarcoma developed lymph node
metastasis (Table 2), although this subtype is not commonly
considered to be in the high-risk group. Liposarcoma (1.2%
[45 of 3676]; 95% CI, 0.9%–1.6%; p < 0.001) and fibro-
sarcoma (1.4% [17 of 1239]; 95% CI, 0.8%–2.2%; p <
0.001) were associated with a lower risk of lymph node
metastasis than the overall rate for patients with soft tissue
sarcoma in this analysis. The proportion of patients with
synovial sarcoma with nodal metastasis was 4.2% (37 of
885; 95% CI, 3.0%–5.7%), which was not statistically sig-
nificantly lower than the overall proportion among patients
with all soft tissue sarcomas combined (5.3% [820 of
15,525]; 95% CI, 4.9%–5.6%; p = 0.176).

The 5-year overall survival rate for the study population
was 61% (95% CI, 50%–62%; Fig. 1). As expected, lymph
node metastasis was associated with lower 5-year overall
survival. Patients with positive lymph nodes at the time of
diagnosis had a 5-year overall survival rate of 20% (95% CI,

Table 2. Frequency of lymph node metastasis by histologic
subtype in 15,525 adults diagnosed with soft tissue sarcoma,
Surveillance, Epidemiology, and End Results Program
database, 2004–2013

Histologic subtype

Number (%) of
patients with lymph
node metastasis

Alveolar rhabdomyosarcoma 34 (54.8)

Embryonal rhabdomyosarcoma 13 (26.5)

Clear cell sarcoma 23 (21.9)

Rhabdomyosarcoma NOS 47 (20.8)

Epithelioid sarcoma 55 (20.4)

Myxoid/round cell liposarcoma 40 (19.1)

Ewing’s sarcoma 30 (13.7)

Angiosarcoma 57 (11.7)

Hemangioendothelioma 4 (7.5)

Other 247 (7.5)

Synovial sarcoma 37 (4.2)

Extraskeletal myxoid chondrosarcoma 13 (4.0)

Leiomyosarcoma 89 (3.8)

MFH/UPS 64 (3.6)

Extraskeletal osteosarcoma 2 (2.4)

SFT/hemangiopericytoma 3 (1.6)

Fibrosarcoma 17 (1.4)

Liposarcoma 45 (1.2)

NOS = not otherwise specified; MFH/UPS = malignant fibrous
histiocytoma/undifferentiated pleomorphic sarcoma; SFT =
solitary fibrous tumor.
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17%–24%; p < 0.001; Fig. 2). Similarly, patients with distant
metastatic disease at diagnosis had a lower 5-year overall
survival rate of 11% (95% CI, 9.5%–13%; p < 0.001; Fig. 3).
When controlling for patient age, sex, race, tumor size, and
tumor location on multivariate analysis, lymph node metas-
tasis was associated with a higher mortality rate (hazard ratio
[HR], 1.3; 95% CI, 1.2–1.5; p < 0.001) as was distant meta-
static disease (HR, 2.9; 95% CI, 2.7–3.1; p < 0.001; Table 3).
As demonstrated in other studies, tumor grade, tumor size,
and axial location are all associated with 5-year overall sur-
vival. The current analysis appears to suggest prognostic
significance for patient age, sex, and race (Table 3), the in-
vestigation of which is outside the scope of the current study.

In a subgroup analysis of 764 patients with positive
lymph nodes and known surgical status, lymphadenectomy
in conjunction with local excision/limb salvage was per-
formed in 190 patients (25%) and was associated with the
best overall 5-year survival (HR, 0.46; 95% CI, 0.31–0.67;
p < 0.001; Table 4).

Discussion

Soft tissue sarcoma is a collection of rare malignancies,
which presents inherent challenges to risk stratification and

our understanding of this heterogeneous group of diseases.
In an analysis of the risk, prognostic importance, and sur-
gical treatment considerations regarding nodal metastases,
the current analysis demonstrated that 5.3% of all adults
with soft tissue sarcomas will develop lymph node me-
tastases. Nodal involvement was associated with histologic
subtype and overall survival. In patients who develop
lymph node metastasis, this analysis demonstrates an as-
sociation between lymphadenectomy and overall survival.

This study is limited by its retrospective approach and
missing lymph node status for some patients who would be
otherwise appropriate for inclusion. Although data for fe-
male and nonwhite patients have been shown to be less
complete than those for other patients in large cancer
databases, the SEER database has been shown to be rep-
resentative of the general cancer population of the United
States and to have a higher degree of completeness than
other cancer registries[1]. It is impossible to know the
reasons for not examining or recording node status in these
patients. Given the nature of the database, there may be
differences in individual or institutional use of in-
vestigation for lymphatic disease. The SEER database
coding guidelines allow for clinical, surgical, or pathologic
adjudication of the presence of nodal metastasis. The true
incidence of lymph node metastasis in soft tissue sarcoma
is otherwise difficult to determine. Physical examination

Fig. 1 This graph shows a product limit survival estimate for 15,525 adults with soft tissue sarcoma
using data from the SEER program database, 2004–2013.
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may show nodal sites of disease. PET can detect regional
and distant lymph node involvement, although it is not
routinely performed as part of sarcoma staging. Sentinel
node biopsy is commonly performed in the staging of
rhabdomyosarcoma and epithelioid sarcoma but is most
commonly performed in tertiary cancer centers or in the
setting of a clinical trial, potentially excluding many
patients in the SEER database. Interestingly, the utility of
sentinel node biopsy, even for histologic subtypes that are
presumed to be at increased risk for nodal metastasis,
remains to be fully clarified [12].

The distribution of histologic subtypes of soft tissue sar-
comas would be expected to differ between adults and chil-
dren, and the current analysis was limited to adults. Although
there is little reason to believe that the risk of lymph node
metastasis would differ according to patient age, we would
expect a larger representation of patients with rhabdomyo-
sarcoma among children and adolescents, which could skew
the overall proportion of patients with nodal metastasis
across the population of patients with soft tissue
sarcomas. Therefore, we felt that excluding children and
adolescents would more accurately represent the adult

sarcoma population as a whole. In contrast to adults,
a larger proportion of pediatric patients with sarcoma may
be treated within large multicenter cooperative group
studies, which may dictate surveillance and treatment
strategies and may provide more granular detail on the
management of nodal metastases in their respective
cohorts.

We found that 5.3% of patients in the SEER database
had lymph node metastases and 12% had distant me-
tastases. Only 9% of patients were missing data on
lymph node status. Exclusion of these patients with in-
complete data yielded a proportion with nodal metas-
tasis of 5.3%. Previous studies of soft tissue sarcoma
have varied widely in their reported incidence of lymph
node metastasis [3, 7, 13, 17, 22]. Even in our most
conservative estimation, if all patients with unknown
lymph node status were presumed to be negative for
nodal disease, the proportion would be 4.8%,which is still
markedly greater than the largest single-institution analysis
[8]. This difference likely reflects improved collection of
data on these uncommon events in a rare tumor with
the use of a large national database. Although our

Fig. 2 This graph shows a Kaplan-Meier product limit survival curve for lymph node (LN) metastasis
among 15,525 adults with soft tissue sarcoma compared with those without LN metastases using data
from the SEER program database, 2004–2013.
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proportions are nearly double those suggested in some
reports, this relatively low rate is unlikely to alter current
surveillance protocols for soft tissue sarcomas. How-
ever, our findings can help physicians better advise
patients and their families regarding their risk of nodal
spread of disease.

A recent analysis of patients with metastatic sarcoma
noted that more than 88% of patients with metastatic dis-
ease developed metastasis to only one site [19]. In that
report, however, the proportion of patients with metastatic
sarcoma to the lung was 4.6 times higher than the pro-
portion of patients with metastasis to lymph nodes. The
current study from the SEER database, in contrast, suggests
that the relative proportion of metastasis to lymph nodes is
greater. The reason for this discrepancy is unclear and may
be related to different methods of identifying patients with
nodal involvement.

Consistent with previous studies [1, 8, 12], we reported
substantial variation in the risk of nodal metastasis among
histologic subtypes of soft tissue sarcoma. Tumors with
an increased nonspindle cell component tend to display
an increased frequency of extrapulmonary metastases,

including lymph node metastases [1, 12]. This observation
is reflected in our analysis, in which rhabdomyosarcoma,
clear cell sarcoma, epithelioid sarcoma, and myxoid/
round cell liposarcoma exhibited the highest proportions
with reported lymph node involvement. Historically, sy-
novial sarcoma has been included in this group of sarcomas
with nodal metastatic tendencies. A few single-institution
studies [5, 12, 13, 21] have suggested that synovial sar-
coma may be associated with increased risk of lymph node
metastasis with a recent review by Nelen et al. [17] sug-
gesting nodal involvement in 10%. Among 42 patients with
synovial sarcoma in a recently published prospective
study, lymph node metastasis was noted in 7% [1] com-
pared with 4.2% of 885 patients with synovial sarcoma in
our study, which was not higher than the overall proportion
for all soft tissue sarcomas. It is unclear why the pro-
portions of patients with nodal metastasis in myxoid/round
cell liposarcoma and synovial sarcoma differ from those in
prior reports. This may reflect a referral bias of advanced
cases of synovial sarcomas at the academic centers that
published many of the prior series on this disease, but there
is no clear explanation as to why that would be reflected

Fig. 3 This graph shows a Kaplan-Meier product limit survival curve for distant metastasis among
15,525 adults with soft tissue sarcoma comparedwith thosewith nometastases or unknown status using
data from the SEER program database, 2004–2013.
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only in synovial sarcoma, whereas the overall sarcoma
population shows higher proportions with nodal in-
volvement. This may indicate that advanced nodal sur-
veillance for synovial sarcoma may be unwarranted, and it
helps support the increasingly recognized extrapulmonary
pattern of metastasis in myxoid/round cell liposarcoma.

This study’s results confirm an association between the
histologic subtype or soft tissue sarcoma and overall sur-
vival. The 5-year overall survival was lower in patients
who developed lymph node metastasis than in those who
did not. Prior reports have suggested that the 5-year overall
survival rate of patients with soft tissue sarcoma with
lymph node metastasis was approximately 13% to 34% [5,
8], which is consistent with our finding of 20% 5-year
overall survival.

In our investigation, the highest overall survival for
patients with lymph node metastases was in those who
underwent excision of the primary tumor with lymphade-
nectomy. The role of lymphadenectomy in the treatment of
soft tissue sarcoma has been debated [2-4, 6]. Although we
are unable to determine causality in this study, and the
proportion with nodal metastasis was still relatively low
across the entire cohort, this association may reflect better
survival in patients who undergo a more aggressive ap-
proach to tumor control. However, this may also reflect
selection bias, because those deemed to be healthier or with
a lesser metastatic burden may be more likely to undergo
aggressive surgical excision. Furthermore, the SEER da-
tabase is unable to establish whether the addition of che-
motherapy can explain this unexpected finding. There were

Table 3. Results of multivariate analysis for overall survival

Characteristic
Hazard ratio
(95% CI) p value

Age (years)

< 30 Referent

30–59 1.25 (1.10–1.43) < 0.001

$ 60 2.49 (2.18–2.83) < 0.001

Sex

Female Referent

Male 1.09 (1.03–1.15) 0.002

Race

Black Referent

White 0.85 (0.78–0.92) < 0.001

Other 0.94 (0.83–1.06) 0.315

Unknown 0.51 (0.33–0.78) 0.002

Distant metastasis

No Referent

Unknown 1.69 (1.37–2.09) < 0.001

Yes 2.87 (2.66–3.09) < 0.001

Lymph node status

Negative Referent

Positive 1.34 (1.22–1.48) < 0.001

Histologic subtype

Alveolar rhabdomyosarcoma Referent

Angiosarcoma 1.64 (1.16–2.31) 0.003

Chondrosarcoma 0.63 (0.43–0.93) 0.028

Clear cell sarcoma 2.12 (1.38–3.25) < 0.001

Embryonal 1.39 (0.83–2.32) 0.194

Epithelioid sarcoma 1.26 (0.87–1.83) 0.173

Ewing sarcoma 1.16 (0.80–1.68) 0.367

Fibrosarcoma 0.73 (0.51–1.04) 0.103

Hemangioendothelioma 0.85 (0.46–1.55) 0.674

Leiomyosarcoma 0.84 (0.60–1.18) 0.397

Liposarcoma 0.63 (0.45–0.89) 0.011

Malignant GCT/PVNS/other 1.16 (0.83–1.61) 0.386

MFH/UPS 0.98 (0.70–1.38) 0.982

Myxoid/round cell sarcoma 0.67 (0.46–0.99) 0.059

Osteosarcoma 0.98 (0.61–1.57) 0.961

Rhabdomyosarcoma NOS 1.49 (1.04–2.15) 0.026

SFT/hemangiopericytoma 0.57 (0.37–0.88) 0.013

Synovial 0.99 (0.70–1.39) 0.948

Grade

High Referent

Low 0.39 (0.36–0.43) < 0.001

Unknown 0.70 (0.65–0.75) < 0.001

Tumor size (cm)

< 5 Referent

$ 5 1.91 (1.76–2.06) < 0.001

Unknown 1.61 (1.46–1.78) < 0.001

Table 3. continued

Characteristic
Hazard ratio
(95% CI) p value

Tumor site

Axial Referent

Lower extremity 0.78 (0.73–0.83) < 0.001

Unspecified 1.12 (0.97–1.30) 0.172

Upper extremity 0.69 (0.63–0.76) < 0.001

Radiation therapy

Unknown Referent

No 1.21 (0.99–1.49) 0.065

Yes 0.94 (0.76–1.16) 0.528

Surgery

Unknown Referent

No 2.05 (1.50–2.80) < 0.001

Yes 0.73 (0.54–1.00) 0.064

CI = confidence interval; GCT = giant cell tumor; PVNS =
pigmented villonodular synovitis; MFH = malignant fibrous
histiocytoma; UPS = undifferentiated pleomorphic sarcoma;
NOS = not otherwise specified; SFT = solitary fibrous tumor.
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no differences in 5-year overall survival between patients
who had only lymph node biopsy compared with those
who did not undergo lymph node biopsy. This may indicate
a low yield of biopsy or nodal sampling in the overall soft
tissue sarcoma population. A recent prospective trial of
a subset of soft tissue sarcoma histologic types showed
a strong correlation between positive sentinel lymph node
biopsy and decreased survival [1]. Although these findings
support the potential role for lymphadenectomy in the
setting of nodal metastasis, further investigation is neces-
sary to fully elucidate its clinical benefit. However, the
current analysis suggests that properly selected patients
may be appropriate for lymphadenectomy for management
of lymph node metastasis from soft tissue sarcoma.

We conclude that, in contrast to previous reports [1, 12],
synovial sarcoma does not seem to be associated with
a higher risk of lymph node metastasis compared with that of
soft tissue sarcoma overall. These results suggest that the
need for sampling or excision of asymptomatic lymph nodes
in synovial sarcoma may be lower than previously thought.
These data might be useful when considering which patients
with given histologic subtypes should be considered for
lymph node biopsy or sentinel lymph node biopsy. Tradi-
tionally, these approaches are used more commonly in
patients who have a perceived higher likelihood to develop
lymph node metastases, which often includes those with
synovial sarcoma. Our findings suggest that patients with
synovial sarcoma may not be at as great a risk as previously
thought. This information may be useful for clinicians when
considering whether to sample regional lymph nodes. Fur-
ther investigation into the molecular characteristics of met-
astatic soft tissue sarcomamay lead to better risk stratification
and may influence which patients receive nodal sampling.
Although our data cannot definitively determine a clinical
benefit of lymphadenectomy in patients with soft tissue

Table 4. Results of multivariate analysis for a subgroup of
patients with positive lymph nodes

Characteristic
Hazard ratio
(95% CI) p value

Age (years)

< 30 Referent

30–59 1.46 (1.07–1.98) 0.016

$ 60 2.23 (1.61–3.09) < 0.001

Compound surgery

Amputation Referent

Local/salvage + LN excision 0.46 (0.31–0.67) < 0.001

Local/salvage only 0.54 (0.37–0.79) 0.001

None 0.97 (0.67–1.40) 0.876

Distant metastasis

No Referent

Unknown 1.54 (0.99–2.39) 0.055

Yes 2.24 (1.82–2.75) < 0.001

Histologic subtype

Alveolar rhabdomyosarcoma Referent

Angiosarcoma 1.03 (0.56–1.87) 0.933

Chondrosarcoma 0.44 (0.18–1.10) 0.080

Clear cell sarcoma 1.81 (0.90–3.63) 0.095

Embryonal 0.87 (0.37–2.06) 0.750

Epithelioid sarcoma 0.74 (0.40–1.35) 0.327

Ewing sarcoma 1.28 (0.67–2.44) 0.449

Fibrosarcoma 0.97 (0.46–2.04) 0.932

Hemangioendothelioma 1.55 (0.51–4.71) 0.442

Leiomyosarcoma 0.69 (0.39–1.23) 0.210

Liposarcoma 0.48 (0.25–0.94) 0.032

Malignant GCT/PVNS/other 1.27 (0.76–2.15) 0.362

MFH/UPS 0.90 (0.50–1.62) 0.721

Myxoid/round cell sarcoma 0.42 (0.22–0.78) 0.006

Osteosarcoma 1.95 (0.43–8.87) 0.385

Rhabdomyosarcoma NOS 0.88 (0.48–1.61) 0.670

SFT/hemangiopericytoma 0.73 (0.16–3.29) 0.686

Synovial 0.63 (0.32–1.25) 0.188

Race

Black Referent

Other 0.77 (0.51–1.14) 0.190

Unknown 0.86 (0.12–6.34) 0.880

White 0.81 (0.63–1.05) 0.117

Radiation therapy

Unknown Referent

No 1.83 (0.83–4.03) 0.135

Yes 1.43 (0.65–3.16) 0.373

Sex

Female Referent

Male 0.94 (0.79–1.13) 0.530

Tumor site

Table 4. continued

Characteristic
Hazard ratio
(95% CI) p value

Axial Referent

Lower extremity 0.84 (0.66–1.08) 0.177

Unspecified 0.96 (0.68–1.35) 0.806

Upper extremity 0.94 (0.68–1.28) 0.675

Tumor size (cm)

< 5 Referent

$ 5 1.34 (1.02–1.76) 0.036

Unknown 1.47 (1.06–2.04) 0.023

CI = confidence interval; LN = lymph node; GCT = giant cell
tumor; PVNS = pigmented villonodular synovitis; MFH =
malignant fibrous histiocytoma; UPS = undifferentiated
pleomorphic sarcoma; NOS = not otherwise specified; SFT =
solitary fibrous tumor.
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sarcoma with lymph node metastasis, our findings support
further investigation into this issue.
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