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Abstract
Lymph node metastasis (LNM) occurs in less than 5% of soft tissue sarcoma (STS) patients and indicates an aggressive 
course of disease. Suspicious lymph nodes (LN) in staging imaging are a frequent topic of discussion in multidisciplinary 
tumor boards. Predictive markers are needed to facilitate stratification and improve treatment of STS patients. In this study, 
56 STS patients with radiologically suspicious and subsequently histologically examined LN were reviewed. Patients with 
benign (n = 26) and metastatic (n = 30) LN were analyzed with regard to clinical, laboratory and imaging parameters. Patients 
with LNM exhibited significantly larger short axis diameter (SAD) and long axis diameter (LAD) vs. patients with benign 
LN (median 22.5 vs. 14 mm, p < 0.001 and median 29.5 vs. 21 mm, p = 0.003, respectively). Furthermore, the presence of 
central necrosis and high maximal standardized uptake value (SUVmax) in FDG-PET-CT scans were significantly associated 
with LNM (60 vs. 11.5% of patients, p < 0.001 and median 8.59 vs. 3.96, p = 0.013, respectively). With systemic therapy, a 
slight median size regression over time was observed in both metastatic and benign LN. Serum LDH and CRP levels were 
significantly higher in patients with LNM (median 247 vs. 187.5U/L, p = 0.005 and 1.5 vs. 0.55 mg/dL, p = 0.039, respec-
tively). This study shows significant associations between LNM and imaging features as well as laboratory parameters of 
STS patients. The largest SAD, SUVmax in FDG-PET-CT scan, the presence of central necrosis, and high serum LDH level 
are the most important parameters to distinguish benign from metastatic LNs.
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Introduction

Soft tissue sarcoma (STS) refers to a heterogeneous group 
of mesenchymal malignancies accounting for approximately 
1% of all malignancies in adults [1]. Up to half of STS 

patients will develop metastatic disease, primarily affecting 
the lungs [2]. With survival rates of one to two years despite 
optimal treatment, prognosis remains dismal for advanced 
and metastatic STS patients [3, 4].

While hematogenous spread is common, lymph node 
metastases (LNM) are exceptionally rare with a reported 
incidence of 2.6–5.3% for STS [5–9]. Certain subtypes, such Wolfgang G. Kunz and Lars H. Lindner have contributed equally to 
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as synovial sarcoma, clear cell sarcoma, angiosarcoma, rhab-
domyosarcoma and epithelioid sarcoma (acronym: SCARE) 
were found to be more likely to develop LNM, although 
latest reports exclude synovial sarcoma from this list [9]. 
Regional LNM, potentially indicating a disseminated dis-
ease and a high biological aggressiveness, is associated with 
poor survival. A comprehensive analysis of the American 
National Cancer Database demonstrated an overall survival 
of 28 months in STS patients with pN1M0 disease varying 
by histology, approximating the prognosis of metastatic STS 
[6]. According to the current American Joint Committee on 
Cancer (AJCC) classification, any N1M0 STS in the trunk 
and extremities is classified as stage IV, such as an M1 meta-
static STS [10]. However, the significance of regional LNM 
remains controversial and patients with extremity STS and 
isolated LNM might have a better prognosis than the AJCC 
classification suggests [11].

Depending on pathological, radiological, and clinical 
assessment, STS patients are treated with either a poten-
tially curative or palliative intent. In non-metastatic stages, 
complete surgical resection can be coupled with radio- and 
chemotherapy plus regional hyperthermia to reduce local 
and distant recurrence. For metastatic patients, palliative 
anthracycline-based chemotherapy remains the standard 
treatment [12, 13].

Frequently, STS patients present with suspicious lymph 
nodes (LN) in staging imaging, based on non-sarcoma 
specific criteria, such as pathological enlargement and the 
presence of a central necrosis [14, 15]. As nodal involve-
ment indicates a more advanced stage, it might change the 
treatment strategy towards an extended surgical interven-
tion or palliative therapy. Considering the strong impact on 
the therapeutic approach in these patients, it is important to 
carefully interpret suspicious LN in staging imaging and, if 
appropriate, to examine them histologically. To date, there 
are no accurate imaging or clinical criteria for the evalua-
tion of LN involvement in STS. This study aimed to identify 
predictive parameters for LNM in STS patients in a German 
large-volume sarcoma center.

Materials and methods

Patient selection

Patients who underwent histological examination of suspi-
cious LN in staging imaging with either histologically con-
firmed or excluded LNM of STS between 2006 and 2022 
were included. Patients without a histological report or 
evaluable staging imaging of suspicious LN were excluded. 
The need for histological examination of LN was based on 
the following criteria: Short-axis diameter (SAD) ≥ 10 mm 

(according to response evaluation criteria in solid tumors 
[RECIST 1.1]) or significant asymmetry to the contralateral 
side defined as 2 × SAD of contralateral side, no fatty hilum, 
no calcification. Histological examination was either per-
formed as a LN biopsy or in the context of a tumor resection. 
Clinical, imaging and outcomes data were extracted from 
our hospital database. Tumor and LN size were recorded 
from the imaging analysis and/or pathological report. Due 
to the anonymized nature of the study, informed consent 
was not required.

Imaging analysis

Computed tomography (CT), magnetic resonance (MR) 
and positron emission tomography with 18-fluorodeoxy-
glucose (FDG-PET-CT) images were reviewed by one 
radiologist with subspecialty training in oncological imag-
ing (WGK). The size of LN in terms of long axis diam-
eter (LAD) and SAD as well as the number and presence 
of a central necrosis were evaluated. LN central necrosis 
is defined as a central area of low attenuation surrounded 
by an irregular periphery of enhancing tissue [15]. FDG 
uptake was quantified by calculating the maximal standard-
ized uptake value (SUVmax) which indicates the degree of 
tumor metabolism. All CT images and the CT component of 
PET-CT exams were contrast-enhanced in the venous scan 
phase. For magnetic resonance imaging (MRI) scans, con-
trast-enhanced T1-weighted sequences were used. To evalu-
ate signs of a possible benign course, T2-weighted images 
were additionally reviewed. Measures were performed on 
the most convenient CT or MRI sequences available. All 
scan protocols were standardized to ensure reproducibility. 
Follow-up images were reviewed for size (SAD and LAD) 
and occurrence of new LN according to the same technical 
conditions.

Histopathology

Histopathology was performed according to standard pro-
cedures at the LMU Munich pathology department by a 
specialized sarcoma pathologist. The pathologists’ origi-
nal report served as specification of tumor grade and LN 
histology.

Statistics

Continuous variables were compared with the Mann–Whit-
ney U test, and categorical variables with Fisher’s exact test. 
Receiver operating characteristic (ROC) curves were ana-
lyzed and compared for those variables that demonstrated 
a significant association with LN status. Optimal cut-off 
values from ROC curve analyses were determined by the 



133Clinical & Experimental Metastasis (2024) 41:131–141 

highest Youden Index. Overall survival was analyzed using 
the Kaplan–Meier method and the log-rank test. The results 
with a p-value of less than 0.05 were considered statistically 
significant. Statistical analysis was performed using R soft-
ware version 4.0.3 (R Foundation for Statistical Computing, 
Vienna, Austria).

Results

Patient cohort

The clinicopathologic characteristics of the study cohort 
are summarized in Table 1. A total of 56 STS patients with 
radiologically suspicious LN and either benign LN (group 
B, n = 26) or metastatic LN (group M, n = 30) evaluated by 
histological examination were included in our study. These 

two groups of patients were compared with regard to clini-
cal parameters.

Median age was similar in both groups (B: median 
60 years, range 13–78 years vs. M: median 54 years, range 
25–79 years), and a male predominance was observed in both 
groups (B: 62% and M: 70% of patients in each group). Undif-
ferentiated pleomorphic sarcoma (UPS) represented the most 
common subtype in both groups (B: n = 7, 27%, M: n = 6, 
20%) along with leiomyosarcoma in group B (n = 7, 27%), 
and followed by clear cell sarcoma in group M (n = 3, 10%). 
For patients with benign and metastatic LN, high tumor grade 
(G2/3; B: 81%, M: 73%), localization of the primary tumor 
on the extremities (B: 42%, M: 67%), regional (B: 69%, M: 
80%) and synchronous occurrence (at initial diagnosis) of 
LN (B: 62%, M: 60%) were common characteristics. Primary 
tumor size did not differ significantly regarding the dignity of 
LN (B: median 9 cm, range 3.8–13.3 cm, M: median 7.1 cm, 
range 0.8–15 cm; p = 0.447).

Table 1  Characteristics of 
patients with benign and 
metastatic lymph nodes

UPS undifferentiated pleomorphic sarcoma, EHE Epithelioid hemangioendothelioma, FNCLCC Fédération 
Nationale des Centres de Lutte Contre le Cancer, LN Lymph nodes

Factor Benign LN (n = 26) Metastatic LN 
(n = 30)

p value

Histological subtype
 UPS 7 (27%) 6 (20%) 0.180
 Leiomyosarcoma 7 (27%) 2 (7%)
 Clear Cell Sarcoma 2 (8%) 3 (10%)
 Fibrosarcoma 2 (8%) 2 (7%)
 Dediff. Liposarcoma 2 (8%) 1 (3%)
 Synovial Sarcoma 2 (8%) 1 (3%)
 EHE 0 (0%) 3 (10%)
 Rhabdomyosarcoma 0 (0%) 3 (10%)
 Other (all STS ≤ 2 patients) 4 (15%) 9 (30%)

Grading according to FNCLCC
 1 1 (4%) 3 (10%) 0.845
 2 8 (31%) 7 (23%)
 3 13 (50%) 15 (50%)
 Not available/applicable 4 (15%) 5 (17%)

Localization of primary tumor
 Extremities 11 (42%) 20 (67%) 0.238
 Retroperitoneal/Abdominal 6 (23%) 1 (3%)
 Trunk 3 (12%) 2 (7%)
 Head/Neck 1 (4%) 1 (3%)
 Pleural/pulmonary 2 (8%) 3 (10%)
 Other 3 (12%) 3 (10%)

Localization of suspicious LN
 Regional 18 (69%) 24 (80%) 0.375
 Distant 8 (31%) 6 (20%)

Date of occurrence of suspicious LN
 Synchronous 16 (62%) 18 (60%) > 0.999
 Metachronous 10 (38%) 12 (40%)
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Histopathological examination revealed LN and sarcoma 
tissue in 18 patients (60% of group M) and only sarcoma tis-
sue in 12 patients (40%). For patients with benign LN, LN 
tissue without specification (n = 9, 34.6% of group B), reac-
tive LN (n = 7, 23.3%), granulomatous inflammation (n = 4, 
15.4%), sinus histiocytosis/anthracosis (n = 3, 11.5%) and 
fibrosclerotic tissue (n = 3, 11.5%) were reported.

Median overall survival (OS) from initial suspicion 
of LNM was 8.74 years for patients with benign LN and 
3.16 years for patients with metastatic LN (p = 0.006).

Imaging characteristics

The following imaging modalities demonstrating the suspi-
cious LN were analyzed: CT in 31 patients, PET-CT in 14 
patients and MRI in 11 patients. In staging imaging, the 
number of suspicious LN did not significantly differ in meta-
static and benign patients (p = 0.770). However, a signifi-
cantly larger SAD (B: median 14 mm, range 7-27 mm vs. M: 
median 22.5 mm, range 10–51 mm, p < 0.001) and LAD (B: 
median 21 mm, range 11-38 mm vs. M: median 29.5 mm, 
range 13–86 mm, p = 0.003) were observed in metastatic 
LN. The SAD/LAD ratio tended to be higher for metastatic 
LN (B: median 0.68, range 0.5–1 vs. M: median 0.8, range 
0.5–0.94, p = 0.076) (Fig. 1).

ROC analysis revealed an area under the curve (AUC) of 
0.81 for SAD and an AUC of 0.73 for LAD. Sensitivity and 
specificity were 73.3%, 76.9% for SAD with a cut-off value 
of 17 mm and 73.3%, 65.4% for LAD with a cut-off value 
of 24 mm (Fig. 2).

Central necrosis was detected in 60% (n = 18) of patients 
with metastatic LN, compared with only 11.5% (n = 3) of 
patients with benign LN (p < 0.001). PET-CT imaging at 
initial suspicion was performed in 25% of patients (B: n = 8, 
M: n = 6). SUVmax was significantly higher for patients 
with metastatic LN (B: median 3.96, range 1.74–7.78 vs. 
M: median 8.59, range 4.68–17.8, p = 0.013) (Fig. 3). ROC 
analysis could determine an AUC of 0.9 with a sensitivity 
and specificity of 83.3%, 87.5% for a cut-off value of 6.38 
(Fig. 2).

Blood parameters

In our patient cohort, routine blood parameters were avail-
able in 45 patients (80.4% of all patients, B: n = 22, M: 
n = 23). The date of included blood sampling ranged from 
ten days before to 53 days after the first radiological suspi-
cion. Serum lactate dehydrogenase (LDH) levels were sig-
nificantly higher in patients with metastatic LN (B: median 
187.5U/L, range 122-279U/L vs. M: median 247U/L, range 
163-468U/L, p = 0.005). C-reactive protein (CRP) levels also 
proved to be significantly higher in these patients (B: median 
0.55 mg/dL, range 0.1–5.8 mg/dL vs. M: median 1.5 mg/dL, 

range 0.1–24.4 mg/dL, p = 0.039), whereas leukocytes did 
not differ between the two groups (B: median 7.57G/L, range 
3.4–12.6G/L vs. M: median 8.7G/L, range 3.6–21.4G/L, 
p = 0.218). AUC for LDH was 0.75 with a sensitivity and 
specificity of 72.7%, 68.2% for a cut-off value of 226 U/L 
(Fig. 2).

Follow‑up imaging

For 41 patients, follow-up imaging was available in a range 
of 1.7–76 weeks (median 9.8 weeks). CT, PET-CT and 
MRI images were analyzed in 28, 7 and 6 patients, respec-
tively. Of these patients, 61% (n = 25) received a systemic 
therapy between initial and follow-up imaging (B: n = 13, 
M: n = 12), and 36.6% (B: n = 7, M: n = 8) did not receive a 
therapy in this time interval. One patient with metastatic LN 
was treated with radiotherapy. As the time interval between 
imagings varied between patients, size difference per week 
was calculated. Without therapy, benign LN presented 
a median SAD difference of 0.0 mm/week (range − 0.21 
to 0.47) while metastatic LN showed a median growth of 
1.92 mm/week (range − 0.85 to 3.18). Under systemic ther-
apy, a slight SAD regression of LN was equally observed in 
benign and metastatic patients (B: median − 0.17 mm/week, 
range − 0.46 to 0.27 mm/week vs. M: median − 0.11 mm/
week, range − 1.86 to 0.67 mm/week) (Fig. 4). New suspi-
cious LN in the follow-up imaging were only observed in 
two metastatic patients (one with and one without therapy).

Follow-up imaging of two exemplary patients is illus-
trated in Figs. 5 and 6.

Discussion

Due to its rarity, LNM in STS remains insufficiently char-
acterized. It is associated with a severe course of disease, 
and certain subtypes, such as clear cell sarcoma, angiosar-
coma, rhabdomyosarcoma and epithelioid sarcoma seem 
more likely to present with LNM. There is limited evidence 
for the clinical management of LNM, including the value 
of lymphadenectomy and sentinel LN biopsy (SLNB) [16].

To our knowledge, this is the first study to compare STS 
patients with suspicious LN in imaging and histological 
confirmation (pN1) or exclusion of LNM (pN0). To date, 
no imaging criteria for LNM in STS have been established. 
Our results demonstrate a significant association of LN size 
in terms of LAD and SAD with LNM. ROC analysis sug-
gests an SAD of 17 mm and an LAD of 24 mm as possible 
predictive cut-off values for LNM.

Enlargement of LN commonly leads to suspicion, but 
nodal size criteria vary depending on location and entity 
[17]. Furthermore, in other entities, such as non-small 
cell lung cancer (NSCLC) and gastric cancer, a lack of 



135Clinical & Experimental Metastasis (2024) 41:131–141 

correlation between LN size and metastatic infiltration 
has been reported [18, 19]. Considering the low sample 
size and the heterogeneity of our cohort, LN in differ-
ent locations were reviewed together as being a limitation 
of this study. The SAD/LAD ratio tended to be higher in 
our metastatic patients (p = 0.076), which is in line with 
previous literature across entities [20, 21]. Based on the 
observation that malignant LN lose their oval shape and 

become more circular, a high SAD/LAD ratio has been 
recognized as a potential criterion for LNM across dif-
ferent LN regions. Historically, central necrosis has been 
considered as the best criterion in CT scans for cervical 
LNM with an accuracy of nearly 100% [15]. In our cohort, 
we could confirm a strong association with central necrosis 
and LNM. However, 11.5% (n = 3) of benign patients did 
also present with a central necrosis while 40% (n = 12) of 

Fig. 1  Imaging characteristics: Size in terms of short axis diameter (SAD) and long axis diameter (LAD) in mm (a and b), SAD/LAD ratio (c) 
and number of suspicious lymph nodes (d) in benign (n = 26) and metastatic (n = 30) lymph nodes in soft tissue sarcoma patients
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Fig. 2  Receiver operating 
characteristic curve for short 
axis diameter (SAD), long 
axis diameter (LAD), maxi-
mal standardized uptake value 
(SUVmax) and lactate dehydro-
genase (LDH)

Fig. 3  Imaging features: Presence of central necrosis (a) and maximal standardized uptake value (SUVmax) in FDG-PET-CT (b) in benign 
(n = 26 and n = 8, respectively) and metastatic (n = 30 and n = 6, respectively) lymph nodes in soft tissue sarcoma patients
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metastatic patients did not. It should be noted that one of 
the benign patients received a neoadjuvant chemotherapy 
after initial imaging and before histological examination. 
In this case, a complete regression might have led to the 
benign histological finding.

While CT and MRI serve as the standard-of-care in stag-
ing of STS, FDG-PET-CT is individually used to exclude 
distant metastasis by including metabolic characteristics 
[13]. In previous studies a high sensitivity and specificity 
of 90–100% for FDG-PET-CT in detecting LNM in bone 
and soft tissue sarcoma has been demonstrated. However, 
the positive predictive value varied and tended to be rather 
low due to FDG uptake in inflammatory tissue [22, 23]. In 
our cohort, only 14 patients received an FDG-PET-CT, and 
SUVmax was significantly higher in LNM patients with a 
predictive cut-off value of 6.38 after ROC analysis. The large 
range of SUVmax in benign and malignant LN might sug-
gest a weak predictive value of this modality. Regarding the 
small and heterogenous group of patients the absolute cut-off 
value of this study should be interpreted with caution and 
needs to be validated in prospective studies.

When histological examination is not performed, LN size 
changes under systemic therapy might provide further infor-
mation about their dignity. In our study, we analyzed the 
follow-up imaging of 41 patients. As expected, metastatic 
LN showed size progression without therapy while benign 
LN remained stable. Under systemic therapy, benign and 
metastatic LN behaved similarly and showed a slight median 

size regression. This might be a result of the immunosup-
pressive effect of chemotherapy, affecting both malignant 
and reactive tissue.

To find more predictive parameters beyond imaging, 
blood serum parameters including leukocyte counts, 
CRP and LDH around the time of initial suspicion were 
reviewed. In our cohort, LDH and CRP were significantly 
higher in LNM patients, which aligned with previous 
reports about high LDH and CRP values in an advanced 
tumor stage [24, 25]. Due to the volatile nature of CRP and 
leukocyte counts, and the possible impact of concomitant 
infections or other stress situations, these results must be 
interpreted with caution.

Our study does not necessarily provide valid informa-
tion about the subtypes with the highest incidence of LNM 
due to sole inclusion of patients with histologically exam-
ined LN. To some extent, patients with STS at high risk 
of LNM might have directly received a systemic therapy 
without histological examination of LN. UPS constituted 
the most common subtype of our patients with benign and 
metastatic LN (27 and 20% respectively). In addition to its 
heterogeneous and aggressive profile, the immunogenic 
nature of UPS might be a reason for a high incidence of 
suspicious LN in this subtype [26]. However, rare sub-
types at high risk for LNM, such as rhabdomyosarcoma, 
clear cell sarcoma and epithelioid sarcoma were also part 
of our cohort. As implied by our results, male sex has 

Fig. 4  Follow-up imaging: Difference in short axis diameter of lymph nodes in mm per week under systemic therapy (benign: n = 13, metastatic: 
n = 12) or without therapy (benign: n = 7, metastatic: n = 8)
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been associated with LNM in extremity STS in previous 
literature [27].

Limitations of our study include the small size of our 
cohort and the retrospective design. Typically for STS 
studies, the patient cohort is very heterogeneous includ-
ing many different subtypes and locations. Furthermore, a 
high selection bias must be assumed as only patients with 
biopsy were included.

Conclusion

To our knowledge, this study is the first attempt to predict 
LN status for patients with soft tissue sarcoma. We found 
that a large LN size in terms of short axis diameter, the 
presence of central necrosis and a high SUVmax are strong 
imaging features associated with LN positivity for patients 
with soft tissue sarcoma. High serum LDH values could also 
serve as a predictive parameter of LNM. LN size regression 
with systemic therapy should not routinely be interpreted 

Fig. 5  CT staging imaging of a 59-year-old female patient with an 
undifferentiated pleomorphic sarcoma in the right thigh region and 
metastasis to iliac and inguinal lymph nodes at baseline (04/2022) 
and after two cycles with doxorubicin/ifosfamide (06/2022). A cen-

tral necrosis was identified in the detected metastatic lymph nodes at 
both dates. Besides a size progression, new suspicious lymph nodes 
occurred in follow-up imaging
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as a response to therapy and evidence of malignancy. As 
the ranges of all parameters overlap in benign and meta-
static LN, biopsy should always be performed in case of 
uncertainty.

Author contributions Conceptualization AB-M, WGK and LHL; data 
curation AB-M, VJ and WGK; formal analysis AB-M and VJ; investi-
gation AB-M, VJ and WGK; methodology AB-M, VJ, LHL and WGK; 
project administration LHL and WGK; resources LHL and WGK; 
software VJ; supervision LHL and WGK; validation LHL and WGK; 

Fig. 6  CT follow-up staging of a 65-year-old female patient three 
months after curative resection of a uterine leiomyosarcoma 
(02/2020). Another follow-up staging three months later (05/2020) 

showed no relevant changes. Suspicious bihilar lymph nodes proved 
to be epithelioid cell granuloma without necrosis compatible with a 
sarcoid-like reaction



140 Clinical & Experimental Metastasis (2024) 41:131–141

visualization VJ; writing—original draft AB-M; writing—review and 
editing VJ, LHL, WGK, LMB, DDG, HRD, AK, MA, LMU, MB-B, 
JR, N-SS-H, TK. All authors have read and agreed to the published 
version of the manuscript. The work reported in the paper has been 
performed by the authors, unless clearly specified in the text.

Funding Open Access funding enabled and organized by Projekt 
DEAL. No funding was received for conducting this study.

Data availability The data that support the findings of this study are not 
openly available due to reasons of sensitivity and are available from the 
corresponding author upon reasonable request.

Declarations 

Competing interests The authors have no competing interests to 
declare that are relevant to the content of this article.

Ethical approval The Internal Review Board and the Ethical Review 
Committee at the Ludwig Maximilians University (LMU) Hospital, 
Munich, Germany, approved the protocol of this research project (Pro-
tocol Nr. 23-0236). All data were irreversibly anonymized.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Beckingsale TB, Shaw C (2017) Epidemiology of bone and soft-
tissue sarcomas. Orthop Trauma 31:144–150. https:// doi. org/ 10. 
1016/j. mporth. 2017. 03. 005

 2. Italiano A, Mathoulin-Pelissier S, Le Cesne A, Terrier P, Bonvalot S, 
Collin F et al (2011) Trends in survival for patients with metastatic 
soft-tissue sarcoma. Cancer 117:1049–1054. https:// doi. org/ 10. 1002/ 
cncr. 25538

 3. Van Glabbeke M, van Oosterom AT, Oosterhuis JW, Mouridsen H, 
Crowther D, Somers R et al (1999) Prognostic factors for the out-
come of chemotherapy in advanced soft tissue sarcoma: an analysis 
of 2,185 patients treated with anthracycline-containing first-line 
regimens—a European Organization for Research and Treatment 
of Cancer Soft Tissue and Bone Sarcoma Group Study. J Clin Oncol 
17:150–157. https:// doi. org/ 10. 1200/ JCO. 1999. 17.1. 150

 4. Lochner J, Menge F, Vassos N, Hohenberger P, Kasper B (2020) 
Prognosis of patients with metastatic soft tissue sarcoma: advances 
in recent years. Oncol Res Treat 43:613–619. https:// doi. org/ 10. 
1159/ 00050 9519

 5. Fong Y, Coit DG, Woodruff JM, Brennan MF (1993) Lymph node 
metastasis from soft tissue sarcoma in adults analysis of data from 
a prospective database of 1772 sarcoma patients. Ann Surg 217:72

 6. Keung EZ, Chiang YJ, Voss RK, Cormier JN, Torres KE, Hunt 
KK et al (2018) Defining the incidence and clinical significance 
of lymph node metastasis in soft tissue sarcoma. Eur J Surg Oncol 
44:170–177. https:// doi. org/ 10. 1016/j. ejso. 2017. 11. 014

 7. Behranwala KA, A’Hern R, Omar A-M, Thomas JM (2004) Progno-
sis of lymph node metastasis in soft tissue sarcoma. Ann Surg Oncol 
11:714–719. https:// doi. org/ 10. 1245/ ASO. 2004. 04. 027

 8. Gusho CA, Fice MP, O’Donoghue CM, Gitelis S, Blank AT (2021) 
A population-based analysis of lymph node metastasis in extremity 
soft tissue sarcoma: an update. J Surg Res 262:121–129. https:// doi. 
org/ 10. 1016/j. jss. 2021. 01. 005

 9. Jacobs AJ, Morris CD, Levin AS, Jacobs AJ, Morris CD, Levin AS 
(2018) 2016 musculoskeletal tumor society proceedings synovial 
sarcoma is not associated with a higher risk of lymph node metasta-
sis compared with other soft tissue sarcomas. Clin Orthop Relat Res 
476:589–598. https:// doi. org/ 10. 1007/ s11999. 00000 00000 000057

 10. Tanaka K, Ozaki T (2019) New TNM classification (AJCC eighth 
edition) of bone and soft tissue sarcomas: JCOG Bone and Soft 
Tissue Tumor Study Group. Jpn J Clin Oncol 49:103–107. https:// 
doi. org/ 10. 1093/ jjco/ hyy157

 11. Basile G, Mattei JC, Alshaygy I, Griffin AM, Catton CN, Chung PW 
et al (2020) Curability of patients with lymph node metastases from 
extremity soft-tissue sarcoma. Cancer 126:5098–5108. https:// doi. 
org/ 10. 1002/ cncr. 33189

 12. Judson I, Verweij J, Gelderblom H, Hartmann JT, Schöffski P, Blay 
JY et al (2014) Doxorubicin alone versus intensified doxorubicin 
plus ifosfamide for first-line treatment of advanced or metastatic 
soft-tissue sarcoma: a randomised controlled phase 3 trial. Lancet 
Oncol 15:415–423. https:// doi. org/ 10. 1016/ S1470- 2045(14) 70063-4

 13. Gronchi A, Miah AB, Dei Tos AP, Abecassis N, Bajpai J, Bauer 
S et al (2021) Soft tissue and visceral sarcomas: ESMO–EURA-
CAN–GENTURIS Clinical Practice Guidelines for diagnosis, treat-
ment and follow-up☆. Ann Oncol 32:1348–1365. https:// doi. org/ 10. 
1016/j. annonc. 2021. 07. 006

 14. Elmas N, Killi RM, Sever A (2002) Colorectal carcinoma: Radio-
logical diagnosis and staging. Eur J Radiol 42:206–223. https:// doi. 
org/ 10. 1016/ S0720- 048X(02) 00036-0

 15. Som PM (1992) Detection of metastasis in cervical lymph nodes: 
CT and MR criteria and differential diagnosis. Am J Roentgenol 
158:961–969. https:// doi. org/ 10. 2214/ ajr. 158.5. 15666 97

 16. Witt RG, Cope B, Erstad DJ, Chiang Y-J, Nassif EF, Scally CP et al 
(2022) Sentinel lymph node biopsy and formal lymphadenectomy 
for soft tissue sarcoma: a single center experience of 86 consecu-
tive cases. Ann Surg Oncol 29:7092–7100. https:// doi. org/ 10. 1245/ 
s10434- 022- 11803-x

 17. Ganeshalingam S, Koh DM (2009) Nodal staging. Cancer Imaging 
9:104–111. https:// doi. org/ 10. 1102/ 1470- 7330. 2009. 0017

 18. Prenzel KL, Mönig SP, Sinning JM, Baldus SE, Brochhagen HG, 
Schneider PM et al (2003) Lymph node size and metastatic infiltra-
tion in non-small cell lung cancer. Chest 123:463–467. https:// doi. 
org/ 10. 1378/ chest. 123.2. 463

 19. Mönig SP, Zirbes TK, Schröder W, Baldus SE, Lindemann DG, 
Dienes HP et al (1999) Staging of gastric cancer: correlation of 
lymph node size and metastatic infiltration. Am J Roentgenol 
173:365–367. https:// doi. org/ 10. 2214/ ajr. 173.2. 10430 138

 20. Steinkamp HJ, Cornehl M, Hosten N, Pegios W, Vogl T, Felix R 
(1995) Cervical lymphadenopathy: ratio of long- to short-axis diam-
eter as a predictor of malignancy. Br J Radiol 68:266–270. https:// 
doi. org/ 10. 1259/ 0007- 1285- 68- 807- 266

 21. Wang H, Li QK, Auster M, Gong G (2018) PET and CT features 
differentiating infectious/inflammatory from malignant mediasti-
nal lymphadenopathy: a correlated study with endobronchial ultra-
sound-guided transbronchial needle aspiration. Radiol Infect Dis 
5:7–13. https:// doi. org/ 10. 1016/J. JRID. 2018. 01. 002

 22. Fuglø HM, Jørgensen SM, Loft A, Hovgaard D, Petersen MM 
(2012) The diagnostic and prognostic value of 18F-FDG PET/CT 
in the initial assessment of high-grade bone and soft tissue sarcoma. 
A retrospective study of 89 patients. Eur J Nucl Med Mol Imaging 
39:1416–1424. https:// doi. org/ 10. 1007/ s00259- 012- 2159-z

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.mporth.2017.03.005
https://doi.org/10.1016/j.mporth.2017.03.005
https://doi.org/10.1002/cncr.25538
https://doi.org/10.1002/cncr.25538
https://doi.org/10.1200/JCO.1999.17.1.150
https://doi.org/10.1159/000509519
https://doi.org/10.1159/000509519
https://doi.org/10.1016/j.ejso.2017.11.014
https://doi.org/10.1245/ASO.2004.04.027
https://doi.org/10.1016/j.jss.2021.01.005
https://doi.org/10.1016/j.jss.2021.01.005
https://doi.org/10.1007/s11999.0000000000000057
https://doi.org/10.1093/jjco/hyy157
https://doi.org/10.1093/jjco/hyy157
https://doi.org/10.1002/cncr.33189
https://doi.org/10.1002/cncr.33189
https://doi.org/10.1016/S1470-2045(14)70063-4
https://doi.org/10.1016/j.annonc.2021.07.006
https://doi.org/10.1016/j.annonc.2021.07.006
https://doi.org/10.1016/S0720-048X(02)00036-0
https://doi.org/10.1016/S0720-048X(02)00036-0
https://doi.org/10.2214/ajr.158.5.1566697
https://doi.org/10.1245/s10434-022-11803-x
https://doi.org/10.1245/s10434-022-11803-x
https://doi.org/10.1102/1470-7330.2009.0017
https://doi.org/10.1378/chest.123.2.463
https://doi.org/10.1378/chest.123.2.463
https://doi.org/10.2214/ajr.173.2.10430138
https://doi.org/10.1259/0007-1285-68-807-266
https://doi.org/10.1259/0007-1285-68-807-266
https://doi.org/10.1016/J.JRID.2018.01.002
https://doi.org/10.1007/s00259-012-2159-z


141Clinical & Experimental Metastasis (2024) 41:131–141 

 23. Tateishi U, Yamaguchi U, Seki K, Terauchi T, Arai Y, Kim EE 
(2007) Bone and soft-tissue sarcoma: preoperative staging with 
fluorine 18 fluorodeoxyglucose PET/CT and conventional imaging. 
Radiology 245:839–847. https:// doi. org/ 10. 1148/ radiol. 24530 61538

 24. Fujibuchi T, Imai H, Kidani T, Morino T, Miura H (2022) Serum 
lactate dehydrogenase levels predict the prognosis of patients with 
soft tissue sarcoma. Mol Clin Oncol 16:65. https:// doi. org/ 10. 3892/ 
mco. 2022. 2498

 25. Nakamura T, Matsumine A, Matsubara T, Asanuma K, Uchida A, 
Sudo A (2012) Clinical significance of pretreatment serum C-reac-
tive protein level in soft tissue sarcoma. Cancer 118:1055–1061. 
https:// doi. org/ 10. 1002/ cncr. 26353

 26. Lazcano R, Barreto CM, Salazar R, Carapeto F, Traweek RS, 
Leung CH et al (2022) The immune landscape of undifferentiated 

pleomorphic sarcoma. Front Oncol 12:1–17. https:// doi. org/ 10. 3389/ 
fonc. 2022. 10084 84

 27. Liu QK, Yu XJ, Wang YG, Lu R, Wang SX, Xu HR et al (2022) 
Risk factors for lymph node metastasis of soft tissue sarcomas of the 
head, neck, and extremities, and the clinical significance of negative 
lymph node dissection. J Orthop Surg Res 17:1–16. https:// doi. org/ 
10. 1186/ s13018- 022- 03050-3

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1148/radiol.2453061538
https://doi.org/10.3892/mco.2022.2498
https://doi.org/10.3892/mco.2022.2498
https://doi.org/10.1002/cncr.26353
https://doi.org/10.3389/fonc.2022.1008484
https://doi.org/10.3389/fonc.2022.1008484
https://doi.org/10.1186/s13018-022-03050-3
https://doi.org/10.1186/s13018-022-03050-3

	Differentiation of benign and metastatic lymph nodes in soft tissue sarcoma
	Abstract
	Introduction
	Materials and methods
	Patient selection
	Imaging analysis
	Histopathology
	Statistics

	Results
	Patient cohort
	Imaging characteristics
	Blood parameters
	Follow-up imaging

	Discussion
	Conclusion
	References




